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I Experimental High Energy Physics at Rochester

Abstract

The experimentalhighenergyphysicsprogram isdirectedtowardtheexecutionofexper-

imentsthatprobe thebasicconstituentsofmatterand the forcesbetweenthem. These

experimentsare carriedout at nationaland internationalacceleratorfacilities.At the

currenttime,we areprimarilyconcentratingon thefollowingprojects:

I. Directphotonproductioninhadronicreactions(FermilabE706);

2. Productionofhybridmesons inthenuclearCoulomb field;

3. The D-ZeroexperimentattheTevatroncollider;

4. Deep inelasticneutrino-and electron-nucleonscatteringatFNAL and SLAC;

5.NonlinearQED atcriticalfieldstrengthsatSLAC;

6.The ExperimentsatKEK (AMY, 17keV neutrino);

7.The CDF experimentatthe Tevatroncollider;

8. SSC-relateddetectorR&D on scintillatingtile-and diaxnond-basedcalorimetryand

microstriptrackingdetectors.

Projectsinstudyand planningstagesinclude:

I.PreparationsforexperimentsattheSSC (SDC, GEM and Neutrinos);

2. Preparationsforexperimentsata B-factoryatKEK;

3.PreparationsforneutrinoscatteringexperimentsatFermilabforveryhighstatistics

(E815 phase2).



Purpose

Experimental high energy physics involves research directed towards understanding the

basic constituents of matter and the nature of the fundamental interact'_ons between them.

Such particles are typically produced in collisions of energetic hadrons or leptons or are

remnants of the Big-Bang. Attaining sumciently high energies requires large installations

which are operated as national facilities. At presents our research groups conduct experi-

ments at the Fermi National Accelerator Laboratory (Felmilab) at Batavia Illinois, at the

National Laboratory for High Energy Physics (KEK) in Japan_ at Brookhaven National

Laboratory (BNL) in Upton_ Long Island, New York, at the Stanford Linear Accelera-

tor Center (SLAC) in Palo Alto, California, and at the Laboratory for Laser Energetics

(LLE) in Rochester, New York. Much of the detection equipment is designed and built

in Rochester, where we also perform a substantial fraction of the data analysis for our

experiments.

Background

As one of the first universities to build a cyclotron and_ later_ a synchrocyclotron, the

University of Rochester has contributed significantly to the development of the field of

high energy physics. Research in high energy physics, as we presently know it, started

at Rochester in the late 1940's and was focused on experiments using the 130 inch syn-

chrocyclotron and on studies of cosmic radiation. The cosmic ray group did some 9f the

pioneering work on the properties of elementary particles, first utilizing balloon flights and

then the Bevatron and Cosmotron accelerators. In 1959, an AEC-supported "user group"

was formed, initially centered on experiments at BNL. When the operation of the 130 inch

cyclotron ended in 1968, a group of physicists associated with that effort initiated a pro-

gram of photoproduction measurements at the 10 GeV Cornell electron synchrotron. This

effort evolve_l into the NSF-supported groups led by Professors Lobkowicz and Thorndike.

The DOE-supported experimental group currently consists of thirteen faculty (Proies-

sors Bodek, Ferbel_ Melissinos, Olsen, Slattery and Tipton, and Senior Research Assocates

Blazey, Budd, Draper, Ginther, Sakumoto, Ueno, and Zielinski), three post-doctoral Fel-

lows (one in '93; see Table 1), seven Research Associates (11 in '93), and 23 graduate

students (including an NSF and Messersmith fellow) in the Department of Physics and

Astronomy of the University of R.ochester. We work in close contact with the theoretical

physics faculty (Professors Das, Hagen, Okubo and R.ajeev, and Senior Research Asso-

ciate Mathur). We also involve undergraduate students in our research programs: this

year 14 undergraduates worked as part-time assistants on various projects. We purchase

services from the Physics Department's electronics and mechanical shops, which have six
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Table 1 Fellows

Name Fellow shi p Acti vi ty

1992

P.Auchincloss NSF Fellow TA Training

L.Chinitz JSPS 1 Fellow AMY (KEK)

R.C.Walker SSCL Fellow _ Calorimetry R&D

1993

L.Chinitz ,]SPS 1 Fellow AMY (KEK)

1Japan Society for the Promotion of Science
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Table 2 Experimental HEP PhD's - Since 1986
i iii i i ii iiii

Name Ph.D. Year Thesis Expt C_lrrent Position/Expt
,,,

S.Behrends 1987 CLEO SRA Brandeis (CDF)

J.Guida (NSF) 1987 CLEO RA BNL (D-Zero)

J.Guida (NSF) 1987 CLEO RA Stony Brook (D-Zero)

J.Rogers 1987 AGS-E805 Accelerator Physicist BNL (NSLS)

P.Tipton (NSF) 1987 CLEO Asst. Prof. Rochester (CDF)

S.Dasu 1988 SLAC-El40 SF,A Wisconsin (SDC)

T.Hemmick (NSRL) 1987 NSRL TAMS Asst. Prof. Stony Brook

T.lvlori 1988 AMY Univ of Tokyo (OPAL)

W.Weunsch 1988 AGS-E805 CERN Fellow (CLIC)

G.Ballocchi 1989 FNAL-E706 CERN Fellow

A.Lanaro 1989 FNAL-E706 CERN Fellow

S.Eno (NSF) 1989 AMY Chicago (CDF)

W.DeSoi (NSF) 1990 FNAL-E706 RA Fermilab (E706)

Y.H.Ho 1990 AMY Hughes Aerospace

H.W.Zheng 1990 AMY SSCL (Magnet Div.)

Y.K.Kim 1990 AMY Berkeley (CDF)

:l.Mansour 1990 FNAL:E706 RA Rochester (E706)

E.Prebys (NSF) " 1990 FNAL-E706 CERN Fellow

Y.Semertzidis 1990 AGS-ES40 BNL Physics Dept.

M.Shaw (NSF) 1990 AMY RA Purdue (CDF)

D.Skow (NSF) 1990 FNAL-E706 RA Fermilab (E706)

P.deBarbaro 1990 FNAL-E770 RA Rochester (CDF/SDC)

L.Kingsley 1991 LINAC RA Univ. of Toronto

R.Cameron 1992 AGS-841 RA Western Ontario
,,,, ,,,,,, ,,
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full-time and one half-time technical specialists engaged primarily in designing and pro-

totyping equipment for experiments. We share computing and shop facilities with the

NSF-supported groups and frequently collaborate with them on experiments. Other ma-

jor physical science facilities on campus include the LLE and the Nuclear Structure Re-

search Laboratory (NSRL). We have done research at these laboratories in collaboration

with members of their scientific staff, and we also purchase services from their technical

support groups.

Activities

The activities of the DOE-supported high energy physics group consist of several tasks:

Task A: Theory - Okubo, Das, Hagen, Mathur, Rajeev

• (Described in part II of this proposal)

Task B: Fermilab Fixed Target - Slattery, Ferbel, Ginther, Zielinski

• Direct Photon Production at Fermilab (E706)

• Coherent Production of Hybrid Mesons

Task C: D-Zero - Ferbel, Blazey_ Draper, Slattery

• Proton-Antiproton Interactions at 2 TeV

Task D' Deep-Inelastic Lepton-Nucleon Scattering- Bodek, Budd, Sakumoto

• Neutrino Interactions at Fermilab (E744/E770, E815)

• Electron Scattering Experiments at SLAC (E140X_ E143)

Task iS: Non-linear QED Experiment at SLAC - Melissinos

• Experiments on Non-peturbative QED at SLAC (E144)

Task F' Experiments at KEK - Olsen, Bodek, Sill, Ueno

• The AMY Experiment at TRISTAN

• Search for 17 KeV Neutrino Emission in 63Ni 3-decay

Task G' Collider Detector at Fermilab - Bodek, Budd, Olsen, Sakumoto, Sill, Tipton

• Calorimetry in the Forward-backward Re_ions (G- 1 Bodek)

• Vertex Detection Using Sihcon Strip Detectors (G - 2 Tipton)

Task I: Preparations for Experiments at the SSC

• Scintillating Tiles with Fiber Read-out - .Bodek, Budd, Olsen, Sakumoto

• Gas Micro-strip Tracking Detectors- Si..__U.

• CVD Diamond as a Detection Material - Olsen

• SDC, GEM, and Neutrino Experiments at the SSC

Task S: General - Olsen/Bodek

• Support Staff, Faculty Summer Salary, Computer, Shops



These activities represent a diverse program of research, which addresses some of the most

interesting and fundamental questions in high energy physics today. To maximize our

overall impact, our mode of operation is highly collaborative, both among ourselves, with

the two Rochester NSF-supported groups, and with other university and laboratory groups.

We frequently play leadership roles in these coUaboratior.:,: Slattery is the spokesman for

Fermilab experiment E?06, Bodek for SLAC experiment Elg0(ext), Melissinos for SLAC

experiment E144, and Olsen for AMY at KEK. (Thorndike is the spokesman for the CLEO

experiment.) In addition Tipton heads the CDF-SVX group and Bodek heads the CDF-

Plug Hadron Calorimeter Upgrade group.

As summarized in Table 2, the overall Rochester experimertal I-IEP program has

graduated 24 Ph.D. students during the past six years. AB but one are continuing in

academic physics research, contributing to a variety of experimental and accelerator pro-

grams. It should be noted that Melissinos' programs, which rely on sophistic1_ted RF and

Laser techniques, have produced a number of students well tra;.ned in skillis needed for

advanced accelerator research projects. Students fromthis program have g me on to make

valuable contributions to the superconducting RF systems for CEBAF, t e prototype 30

GHz accelerating structures for CLIC at CERN, and the high brightnes electron source

at the Accelerator Test Facility at Brookhaven. Our interest in gradua' e education and

research has also led us to initiate a biennial Advanced Study Institute ot Techniques and

Concepts of High Energy Physics. These meetings have been highly sui_cessful and have

advanced the training of hundreds of graduate and postdoctoral students.

In addition, we have recently further strengthened our group by the appointment of

Dr. Paul Ti;_ton to a faculty position. Tipton is a co-leader of the group studying heavy

quarks (t-qua_'_k.isearches and studies of B-meson decays) with the CDF detector at the

Tevatron Collider, and now heads the Rochester participation in the silicon microstrir,

vertex detector sub-group of CDF. This sub-group is responsible for operating the exist-

ing silicon vertex detector and for the implementation of future upgrades to the vertex

detecting systems.
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Task B: Fixed Target Experimentation at Fermilab

i. Direct Photon Production in Hadronic Collisions-- E706

(Drs. J. Dunlea, T. Ferbel, G. Ginther, J. Mansour, P. Slattery and M. Zielinski;

Graduate Students: M. Begel, L. deBarbaro, R. Roser and N. Varelas)

Introduction

Fermilab experiment E706 is a second-generation precision investigation of direct pho-

ton production by protons and pions interacting with a variety of nuclear targets (primar-

ily H, Be and Cu). Its physics goal is to study the gluon structure of nucleons and pions

through measuring the inclusive cross section for direct photon production at the highest

energies (500, 530 and 800 GeV/c) available to fixed target experiments. In addition, the

character of the high-pr jets produced in association with these direct photous is to be in-

vestigated. Descriptions of the experiment's design, methodology, and goals are contained

in the Task B section (pages 6-46) of the University of Rochester HEP group's five-year

grant proposal, submitted to the DOE in June 1991. We focus here on the progress of the

experiment since that time.

The initial run of E706 took place in 1987-88, and emphasized proton and negative

pion collisions at 500 GeV/c incident momentum. Physics results from this run have been

published (1),(_). A full length article on 7, Tr° and 77inclusive production at high-pr has

also been written, and is presently undergoing editorial revision withi_ the collaboration.

Analyses of two-Tr° production, 7r° production at low-pr, jet fragmentation, and 7 q- jet

production are nearing completion, and we expect to submit for publication papers on

most of these topics by September 1992.

Status Report - 1990/91 Data Collection/Analysis

The primary running of E706 tookplace in 19o0 and 1991. Table I compares the three

data runs of the experiment. In addition to substantially improved statistical precision,

the data collected in 1990/91 will also have significantly reduced systematic uncertainties

by virtue of the many improvements made to the E706 apparatus between 1988 and 1990.

These changes included speeding up the LAC data acquisition system to the extent that

the entire calorimeter could be read out without the need for imposing an a priori pulse

height threshold, increased redundancy and precision in the experiment's charged particle

tracking system, and the addition of a liquid hydrogen target (for the 1991 run). It will be

the quality of the physics results from the 1990/91 data runs of E706 that will determine

the ultimate scientific impact of the experiment.

7
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The E706 data analysis effort will continue to be centered in the MWest area at

Fermilab. There are two principal reasons for this decision:

(1) Enhancing the level of interaction among the graduate students and

postdocs carrying out the analysis. Table II lists the graduate students who will

be wl_ting Ph.D. theses using the 1990/91 data collected by E706_ and Table III lists

the postdoctoral physicists who are in residence at Fermilab supervising the E706 physics

analysis. This is a very powerful analysis teazn, and it is essential that it not be allowed

to disperse into a multitude of geographically_ and thus intellectually_ isolated subgroups.

(2) Taking advantage of the enormous investment in computing power at

Fermilab. Fermilab has pioneered the use of parallel processing computer farms in high

energy physics. We employed the first of these systems, the ACP_ to reconstruct our 1987-

88 data sample_ and to monitor the quality of our 1990 and 1991 data sets while they were

being collected. We are presently using this system to analyze an _ 10% sample of our 199c_

data to take a first look at the LAC systematics with full readout. The future, however_ lies

with the very large and enormously powerful UNIX farms that Fermilab has assembled to

replace the ACP. We plan on using these systems for both event reconstruction and Monte

Carlo simulation pm'poses, and in March 1992 submitted to the Fermilab Computing

Division a specific plan for doing so, which has been accepted by the Laboratory.

In addition to the very CPU intensive processes of event reconstruction and Monte

Carlo simulation, extracting physics results from our data will als0 require an enormous

amount of interactive computing. For many years_ we have employed for this purpose

a Local Area VAX Cluster (LAVC) presently consisting of 2 MicroVAX II computers_ 1

VAXstation II/RC, 3 VAXstation 3100s, and 3 VAXstation 3200s, phys associated periph-

erals. While this system was (barely) adequate to carry out the physics analysis of our

1988 data sample, it is woefully inadequate to the task of analyzing our far larger 1990

and 1991 data sets. Moreover, for us to employ the Fermilab UNIX farms effectively, we

need to develop within _he collaboration a high degree of familiarity with UNIX, and the

parallel processing computer codes (CPS, UPS, etc.) that Fermilab has developed for HEP

analysis on UNIX machines. For both of these reasons, we decided to augment our existing

MWest LAV C with a UNIX cluster.

The MWest UNIX cluster, designed in close cooperation with the Fermilab Comput-

ing Division, is centered around 6 Silicon Graphics (SGI) Indigo Workstations, augmented

by a pair of UI',_IX "seed" workstations provided to us for evaluation and soRware develop-

ment purposes, plus appropriate peripherals (disk drives, 8 mm tape drives, X-terminals,

etc.). Negotiations with Fermilab resulted in an agreement by the Computing Division to

purchase all of the auxiliary equipment specified in Table IV providing Rochester, acting



on behalf of the overall E706 collaboration, supplied the 6 SGI Indigo Workstations (in-

cluding software). The resulting UNIX cluster is now up and running, and is having the

substantial impact on our data analysis capability that was anticipated.
i

Preliminary Results- 1990/91 Data Analysis

To date, we have reconstructed approximately 6 M events using the Fermilab ACP.

A sense of the quality of these data can be obtained from Figs. 1-4_ which display _ 5%

of our 1990 data. Figure 1 displays the two photon mass spectrum on a semilog scale,

with and without an energy asymmetry (c_ -- IE17- E271/[E17 + E27]) cut. Excellent

signa]-to-noise in both the z"° and r/ regions is obtained. Figure 2 displays the lr ° mass

region on an expanded (and linear) scale, and Fig. 3 shows the sideband-subtracted energy

asymmetry distribution for 77 pairs in the 7r° mass region (110-160 MeV/cS). When the

transverse momenta of 77 pairs in the 7r° mass region are plotted_ the spectrum in Fig.

4 results, which illustrates the kinematic reach of the experiment. Figures 5 and 6 show

the distribution of reconstructed vertices in our 1990 and 1991 data, respectively. The

excellent vertex resolution provided by our enhanced tracking system is readily apparent.

It is worth emphasizing that all these distributions are essentially raw output from our

reconstruction programs_ without detailed systematic corrections having been applied.

The Fermilab ACP system is scheduled to be decommissioned at the beginning of

May 1992. We have made excellent progress in transferring our event reconstruction code

to UNIX (the availability of our MWest UNIX cluster has been of great assistance to

this conversion effort)_ and expect to be running _his code more or less routinely on the

Fermilab UNIX farms by that time. We have also begun running GEANT-b_sed Monte

Carlo simulations on the MWest UNIX cluster in preparation for high statistics processing

on the Fermilab UNIX farms starting in late-May or early-June.

The plan is to process the 1990 and 1991 data samples more or less in parallel_ although

for various technical reasons the 1990 analysis is at this time further along. It is anticipated

that by late-1992, we will have accumulated sufficient statistics from both data sets to study

not only thcir similarities, but also their differences.

The sample of data collected by E706 in 1990/91 is unique in its kinematic range. This

is illustrated in Table V, which compares our data with that of earlier experiments. With

the exception of E705, all of these experiments have been completed and have published

their final results. It is clear that E706 will play a dominant role in measuring the gluon

substructure of nucleons and pions, once its analysis is complete.

This point is also illustrated by Fig. 7_ which compares the experimental regimes of

current direct photon experiments. Gluon distribution functions are plotted at several Q2

9
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values for two representative sets of parton distribution funchons. (s) Figure 7(a) displays

the substantial difference between these two gluon distributions at their evaluation scale

(Q2 '4 GEV2) ' At the typical fixed target momentum transfers shown in Fig. 7(b), this

difference is still significant over the accessible x raage. However, as shown in Fig. 7(c), the

differences will be very challenging to distinguish experimentally at momentum transfers

typical of Tevatron collider experiments. These pi.ots highlight the complementarity of

the two regimes, and the particular advantages of Tevatron fixed target experiments for

determining parton distribution functions.

MWest UNIX Cluster Upgrade

The success of our MWest UNIX cluster is having the predictable (and highly desir-

able) conseque_tce of generating increased use of this cluster across the collabora¢,ion, as ,

people become increasingly aware of the serious limitations of our VAX cluster. To ha,ndle

this enhanced usage, it will be necessary to expand our UNIX cluster during next fiscal

year. The plan is to provide an additional 4 Silicon Graphics workstations (purchasing the

then current model), and to again obtain all the necessary peripheral equipment through

Fermilab. Based on the costs incurred in establishing the original system, we request

$30,000 in capital equipment funds for this purpose. It should be emphasized that the

cost of the Fermilab-purchased peripheral equipment necessary to fully exploit these new

workstations is expected to be at least twice this amount.

In summary, the results obtained from the initial run of Fermilab experiment E706

have confirmed the soundness of the experiment's underlying design. The large amount

of data that has been accumulated in the past two years will make a unique contribution

to the study of the gluon structure of the nucleon and the pion once these data have

been properly analyzed. The MWest UNIX cluster, together with the extremely powerful

Fermilab UNIX farms, will enable this interesting physics to be extracted in a timely

manner, thus assuring that the very substantial investments in time, morley, and effort

that have been made in this project over the past decade bear fruit.

Future Prospects (P834)

The results obtained to date make it clear that the E706 spectrometer has unique ca-

pabilities for studying direct photon production, capabilities that not only do not presently

exist elsewhere in the world, but are also 'very unlikely to be duplicated or surpassed in

the foreseeable future. It is therefore essential that these capabilities be fully exploited.

Accordingly, in October 1990 the collaboration subinitted to Fermilab a Letter of

Intent (subsequently assigned number P834) focused on future data taking (in the 1994

time frame). A number of potential physics issues were addressed in this LOI, and in a

10



subsequent PAC presentation in November 1990. Chief among these were accumulating

additional data at higher values of Pr on 7 + jet production, which since it involves a double

differential cross section requires significantly higher statistics than are necessary when

measuring a single particle inclusive cross section_ and exploring in detail any anomalous

. nuclear dependence detected during the analysis of our 1991 data. Recently, it has been

suggested that the gluon structure oi" nuclei could in fact be very different from that of

a simple collection of nucleons in a kinematic range ideally suited for ET06/P834. (4) We

are in the process of investigating the experimental consequences of this hypothesis, which

involves the postulated existence of multiquark clusters in nuclei, as well as that of other

models of the QCD-substructure of nuclei.

No decision concerning P834 has to date been made by Fermilab. In March 1992,

the Laboratory Director requested an updated proposal for P834 by September 1, 1992.

A working group has been established within the collaboration to produce this document,

which at Peoples' request will include a report on the status of the F,706 data analysis as of

that date. In a related development, a Summer School on QCD Analysis and Phenomenol-

ogy is to be held this summer on Mackinac Island, Michigan. Several E706 participa_.t_,

including 3 from this task (Mansour, Zielinski and Varelas), will be attendin_ this school,

which will bring together many of the most active experimenters and phenomenologists in

this very active research area.

References

1. G. Alverson et al., Direct Photon Production at High-pr in vr-Be aT_dpBe Collisions
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3. The Duke-Owens I set (Phys. Rev. D 30, 49 (1984)) and a more recent parameteri-
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change in these distributions over time as well as to estimate the sensitive of experi-
ments done in the various kinematic domains illustrated.

4. U. Sukhatme, 13. Wilk, and K. E. Lassila, Zeitschrift fi_r Physik C53,439 (1992).
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E706 RUN SUMMARY
/,

!988 Run

_ Senslfivlty

n'Be @ 500 GeV/c 2 x 106 0.5 ev/pb

[p,n+]Be @ 500 GeV/c 3 x l0 s 0.75 ev/pb

1990 Run

# or Event_

n'Be @ 530 GeV/c 30 x 106 8.6 ev/pb

1991 Rpn

Jnleraclion # of E_'enl_s _,.l_tivity

pBe e 800 GeV/c 7.3 evlpb
23 x 106

pH @ 800 GeV/c 1.5 ev/ph

lp,Tr+]Be @ 530 GeV/c 6.4 ev/pb
14 x 106

[p,n+]H @ 530 GeV/c 1.3 evlpb

Tr'Be @ 530 GeV/c 1.4 ev/pb

n'lt @ 530 GeV/c 4 x 106 0.3 ev/pb

Total Number of Events : 76 x 106

Table I. E706 Run Statistics

12



E706 Graduate Stpdents
1990 & 1991 Data Samples

J. Bacigalupi California-Davis

V. Zutshi Delhi

L. Apanasevich Michigan State

,A. Maul Michigan State

L, $orrell Michigan State

P. Chang Northeastern

W. Dlugosz Northeastern

D. Striley Northeastern/Missouri

J. Kuehler Oklahoma

S. Blusk Pittsburgh

W.-H. Chung Pittsburgh

M. Begel Rochester[DOE]

L. DeBarbaro Rochester[DOE]

A. Markiel Rochester[NSF]

G. Osborne Rochester[l_ISF]

R. Roser Rochester[DOE]

N. Varelas Rochester[DOE]

Table II. Current E706 Graduate Students

E706 PhDs at Fermilab

D. Skow Fermilab

C. Lirakis Northeastern

J. Dunlea Rochester[DOEl

G. Fanourakis Rochester[NSF]

J. Ftacnik Rochester[NSF]

G. Ginther Rochester[DOE]

J. Mansour Rochester[DOE]

M. Zielinski Rochester[DOE]

Table III. E706 Postdocs at Fermilab
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THE MWEST UNIX CLUSTER

,UNIX "Seed" Ma.chine8
Item O.mat_ £.mt

IBM Power Station 320 1 $10,600
IBM Software - $2,400

Memory Expansion - $3,300
Wren VI1 Disk 1 $3,600

Exabyte 8mm Drives 2 $4,600 ,
Subtotal $24,500

Source Fermilab

SGI Iris Workstation 1 $11,300
SGI Software - $3,100

Memory Expansion - $1,600
Wren VII Disks 3 $10,800

Exabyte 8mm Drive 1 $2,300
Subtotal $29,100

Source Fermilab

_GI Indigo C!uster
nem _I_ Cost

SGI Indigo Workstations 6 $33,500
SGI Software - $11,500

Subtotal $45,000
Source Rochester

i

Memory Expansion - $12,4C_
Wren VIII Disks 9 $;23,400

Exabyte 8mm Drives 9 $27,000
Exabyte Tape Handler 1 $7,500

NCD X-Terminals 6 $19,100
HP LaserJet Printer 1 $5,000

Subtotal $94,400
Source Fermilab

Fermilab Total $148,000

Rochester Total $45,000

Table IV. The MWest UNIX Cluster
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DIRECT PHOTON EXPERIMENTS

20 GeV < _-< 40 GeV

Sensitivities (evts/pb)

Experiment Target _- p" /I;+ P Lab Energy

WA70 H2 3.5 - 1.3 5.2 280 GeV

NA24 C 1.3 - 0.2 0.5 300 GeV

E705 Li 6.8 0.2 7.4 4.2 300 GeV

UA6 H2 - 3.5 - 6.1 315 GeV

E706 H 2, Be, Cu 12.3 - 0.8 9.3 500, 530 GeV

E706 H 2, Be, Cu .... 10.6 800 GeV

Table V. Comparison of E706 with Earlier Experiments
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ii. Production of Hybrid Mesons in the Nuclear Coulomb Field

(Drs. T. Ferbel, P. Slattery and M. glelinski; Graduate Student: D. Casey)

There has been great recent interest in the question of the existence and properties of

an isovector jPc = 1-+ meson, which we will denote as the _.1) The quantum numbers

Of this state are exotic in the sense of the traditional qq quark model. States of this kind

are expected to exist in the hach'on spectrum of the elementary particles, especially in

the form of a system composed of a gluon and a (_q) color octet. Such hybrid mesons

have been discussed on the basis of a variety of QCD-inspired models. 2) Although there

is uncertainty concerning the widths and specific decay channels for hybrids, most models

predict these mesons to have masses in the range of 1.5-2 GeV, and widths comparable to

those of ordinary q_ mesons.
t//

Z

Figure 1. Electromagnetic production of a hybrid _ in the

Coulomb field of nuclear charge Z,
/

There is t'eneral concensus that an object such as the _ will have a branching width
i ,

into _rp that is of the order of 1-10 MeV, and a substantially larger rate into more complex

_:hannels such as wb_(1235) or _r/_(1285). _) The presence of a 1-1.0 MeV width into the

'_Jpchannel assures, through vector-dominance arguments, a rate cf _ into _r7 at a level of

3-30 KeV:

C_ k,y. 3

= (1)

Here a is the fine-structure constant i 7_/7r = 1.98 _: 0.09 is the p-7 c°upling, 4) k._

and kp are respectively the momenta of the photon and p, in the rest fl'ame of the _.
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Figure 2. Cross section for vr-_r° production in _r-Pb col-

lisions for t < 0.002GEV 2 incident momentum. The curves

correspond to different p- line shapes used in the Primakoff

calculation.

With a finitebranchingratetoIr7,suchhybridmesons can be producedthroughthe

Primakoffmechanism,inthe Coulomb fieldofnuclei(seeFig,I).The yieldof_ can be

writtenasfollows:s)

__24_z _ r_ _ (,_ _ (2)r"

wl',ereZ isthenuclearcharge,_oistheminimum valueofthesquareofthefour-momentum

transfer(_)requiredtoproducecoherentlythemass m_. Becauseofthe dependenceofto

on incidentenergy,thecrosssectionintherangeofTevatronenergiesgrowsaslogs (and

far more dramatically for masses > 3 GEV).

Searching for hybrid mesons via the Primakoff mechanism is quite appealing be-

cause, as is well known, s) the Coulomb production process is well understood and almost

background-free at high energies. Figures 2 and 3 display rather typical data from our

previous Fermilab experiment (E272) on dipion production on nuclear targets, z) The mass

spectrum is clearly dominated by the p resonance, and the t-distribution exhibits a steep

peak at 0°, characteristic of electromagnetic production. (The width of the peak in t is

determined almost entirely by the experimental resolution.)

Previous searches conducted for objects such as the _, have met with mixed success.

The results of Aide ct al.l) although exceedingly interesting, are somewhat controversial,

and have yet to be confirmed. Similarly, the recent claims of Condo et al. 1) for a 7rp
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state with exotic quantum numbers need substantiation. Earlier studies published from

our experiment E272 were limited in their mass-reach because E272 was designed for low-

mass spectroscopy, and therefore the sensitivity to masses in excess of 1.5 GeV was rather

poor. 7's) The data in the 7rr/ and 7rp modes showed no effect, and could only be used to

set upper limits on the branching rate of the hybrid meson into the _r7 mode. This result

is not surprising because the width of a vector hybrid into the above channels is expected

to be rather small (several percent of the total width). The upper limits from E272 were

not very restrictive for masses beyond 1.5 GeV.

C

1.0

.002 .004 .006 .008
1 (GeV =)

Figure 3. Cross section for p+ production in lr+A collisions

at 200 GeV/c. The curves are fits to a coherent sum of strong

and Coulomb production contributions.

One of the anticipated major decay modes to which E272 was sensitive was the

z'+f_(1285) channel. In fact, E272 observed an unusual enhancement in the _r+f_(1285)

system that was reported in 19817) Those data are shownin Figs. 4 and 5. There is
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Figure 4. Distributions in Tr+Tr-r/and 7r+D mass for coherent produc-

tion of Tr+Tr+Tr-r/ systems on Pb and Cu targets in 7r+A collisions at

200 GeV/c.

some evidence for electromagnetic production of a 7r+f1(1285) state (called 7r+D in the

figure). The peak at .-, 1.6 GeV is essentially a threshold effect, and consequently likely

to be an S-state (similar to the 7rp threshold AI, the 7tw threshold B-meson, or the 7rK*

Q meson, etc). If the peak could be shown to be a resonant S-wave system, then it

would be a prime candidate for the #. Unfortunately, the data are too poor to prove that

case, but the results are tantalizingly suggestive of this exciting possibility. Assuming the

entire enhancement is resonant, yields a radiative width into 7r-7 of about 500 KeV;

this is a factor of about 10 higher than expected from naive phenomenological arguments,

suggesting that the observed effect may not be simple in character.

A letter of intent to pursue a next-generation Coulomb-field experiment was written

to Fermilab in 1990, with Prof. V. Chaloupka (University of Washington, Seattle) as

scientific spokesman. Instead of proceeding entirely on our own, we (Rochester, Seattle

and Tel-Aviv) have decided to collaborate on our physics goals with the E781 group

(Beijing, Carnegie-Mellon University, Fermilab, IHEP, Iowa, Leningrad, and Sao Paulo)

that is constructing a new forward-spectrometer for investigating production of charm

baryons with a hyperon beam. I°) .]. Russ ((]arnegie-MeUon University) is the spokesman
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Figure Ii. Distribution in the square of the momentum trans-

fer to the nucleus for the _r+D events in Fig. 4(b). The dashed

curve is what would be expected for the shape in strong pro-

duction (diffraction dissociation).

for the E781/SELEX effort. Adapting this spectrometer to the needs of the Primakoff ex-

periment should be relatively straightforward, and we have been welcomed enthusiastically

by the E781 collaboration. Figure 6 represents essentially the E781 geometry relevant to

the Primakoff study. Primarily, what will be required is a 500 GeV negative pion beam

of about 5 x 106 particles/sec, which does not pose any great difficulty, a veto around

the target region to assure that the interacting target nucleus did not break apart, and

implementation of several trigger modifications. The silicon microstrip system required

for E781 is more than adequate for meeting our needs. (In fact, it is largely the advent of

silicon microstrip detectors that makes the enormous improvement over E272 possible.) A

photon detector (about lm x lm in transverse dimensions) is being designed to be placed
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Figure 6. Schematic of the E781 apparatus that can be used

for studying forward production in the Coulomb field. The

photon detector (7) ix about lm × lm and ,,_ 40m downstream

of the target (T).
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Figure 7. Acceptance of the E781 apparatus for two # decays,

assuming a sin 2 8 or isotropic decay of the hybrid.
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approximately 40 m downstream of the target to provide precise positional resolution for

electromagnetic showers. The acceptance of the spectrometer is quite high, even for such

complicated final states such as the _r+ f1(1285). This is shown in Fig. 7.11) The anticipated

yields are also large. For example, assuming the 500 GeV z'- beam, and F(_ _ 7r+ 3')

of about 10 KeV, provides about 10s _ inone week of Fermilab running time. (There

would also be about 5 x 10Bp- produced in the same period, which is more than a factor

of 102 greater than obtained in E272.) For a 40% branching ratio of _ to 7r+fl(1285),

this would yield about 2,500 events in the z'-_r+_r-77 channel, and a 10% branching

fraction int:, _rr/would yield about 3,000 _ events in the 7r-77 channel. The t-resolution

of the spectrometer, crucial for separating Coulomb production from background, is also

acceptable (< 15 MeV/c), and limited primarily by multiple scattering in the target.

Our group is looking forward to the next-generation Coulomb field experiment, and

plans to re-examine the radiative decays of well known mesons, as well as search for

more exotic objects such as the _. At this point, we have agreed to provide a target box

containing veto counters and sundry nuclear targets needed for the Primakoff investigation.

In addition, we expect to take responsibility for the analysis of the data. This is an area in

which we have great expertise. Finally, our student Mr. D. Casey participated in the tests

of E781 systems that were performed during the summer of 1991, and he has continued to

work on sundry detector simulation issues.

Professor Ferbel has presented talks at St. John Fisher College, SUNY Brockport_

the International Kazimierez Conference in Warsaw, the SCAV Inst. at Praque, and at

the Inst. Acad. der Wissen in Berlin.
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Task C. D-Zero Collider Experiment at Fermilab

(Drs. G. Blazey, T. Ferbel, S. Gruenendahl, P. Slattery,

Graduate Students: J. Borders, C. Cretsinger , S. Durston, R, Hirosky, M. Pitts;

Undergraduates: C, Caccamise, P. Ngan)

General Remarks

Justification of the D-Zero experiment and its original design is available in several

conference proceedings and reports, we will therefore summarize here only the most rele-

vant points. The detector is a hermetic device, covering angles down to 4-2° in the collision

frame. The absence of a central magnetic field provides a compact configuration that relies

on segmented calorimetry for determining energies of hadrons, photons and electrons, and

an outer magnetized-iron detector for measuring momenta of muons. Central tracking

chambers contain TRD's that provide excellent 7r/e discrimination up to several hundred

GeV. The electromagnetic sectors of the calorimeters have over 20 radiation lengths of

material, and the hadronic sections over 6 interaction lengths. The calorimeters are con-

structed primarily from depleted uranium (to minimize difference in response to hadrons

and electrons, as well as to attain high mass density), with liquid argon serving as the

ionization medium. Outside of the cryostats, there is another --_7 interaction lengths of

instrumented magnetized iron (for determining momenta of muons).

The D-Zero detector is shown in a cutaway view in Fig.1. As just mentioned, its three

major components are the central detector, calorimetry and the muon system. The central

detector is comprised of tracking chambers, with space-point readout, and transition radia-

tion detectors for distinguishing electrons from hadrons. The inner portion of the tracking

chamber consists of a closely-spaced wire chamber capable of resolving tracks and decay

vertices in the high-multiplicity environment of the interacting beams. The calorimeters

are separated into three physical sections [one central (CC) and two ends (EC's), as can be

seen in Fig. 2]. The compactness of the calorimeters provides a total depth large enough to

contain high energy showers. The muon system consists of three magnetized-iron toroids,

which both bend the muons (providing sign and momentum determination) and absorb

all remnant portions of the debris of hadron-showers. The full depth of the system varies

from 14 to 18 absorption lengths. Muon trajectories are measured before and after the

toroids, using proportional drift tubes that provide space-point coordinate readout at ten

locations along the track. (Additional muon coverage for D-Zero at small angles has been

provided by the IHEP group from Serpukhov.)

D-Zero is an experiment meant to explore the mass regime made available by the

TeV-I energy and luminosity. It is the first of the second generation detectors, having been
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designed on the basis of results from the CERN collider. The detector will consequently

emphasize measurement of hadron jets, electrons and muons, and, because of its excellent

calorimetry, missing transverse momentum, The primary physics goals of the experiment

include a search for the top quark and precision studies of W and Z bosons. It should be

possible to detect departures from predictions of the standard model (including higher-

order corrections), and to search for new states or phenomena in the mass region above

the W and Z. The D-Zero experiment is in many wa.ys complementary to CDF, and with

the imminent completion of the calorimetry, the Te:V-I Collider will finally come of age

during the 1991-92 run with two powerful detectors exploring the newly accessible mass

range.

The D-Zero concept was formulated in 1983_ and, with the firat data run about to

commence, it is satisfying to note that the original design goals Of optimizing the detector

for physics at smallest distances and largest masses were well thought out and appropri-

ate for the currently envisioned program. The early emphasis on measuring the W and

Zmass difference, searching for the top quark, seeking evidence for supersymmetry, etc.,

are still exceedingly important and exciting issues to address. However, the anticipated

upgrade of the Tevatron complex, and the recent recognition that b-quark physics might

be able to be challenged effectively at the collider, has propelled the D-Zero collabora-

tion to consider an upgrade of its own capabilites. Participation in the experiment has

consequently been opened to new groups, and the expanded collaboration is studying the

best way to implement an improvement program that will provide D-Zero with interesting

physics opportunities well into the late 1990's. The plan is to maintain the experiment's

strong capabilities for doing physics of the large-mass scale, while providing significant

improvements in dealing with the physics of the b-quark.

The D-Zero system was designed for luminosities that were not expected to exceed

10a° per cm 2 per sec. It is now thought, that with a new main injector, rates will be more

than an order of magnitude higher than this by 1996. The D-Zero Upgrade will therefore

concentrate on the replacement of slow tracking devices with faster ones that will work

at the higher luminosities. This will involve the introduction of finer segmentation for

charged-particle tracking (e.g., implemention of silicon strip detection); it will entail the

speeding up of the read-out of detectors (e.g., the LAr calorimeters); and it will also

involve the introduction a 1.5 T superconducting solenoid magnet within the inner region

of the Central Calorimeter, an item thought particularly important for studying b-quark

physics. Finally_ increased luminosities will require upgrades to the trigger and to the data

acqusition system.

Although the Rochester D-Zero group participated in several Upgrade workshops, be-

32



cause of outstanding commitments to ongoing D-Zero projects, we did not become involved

in the writing of the proposal for the Upgrade, and only in late 1991 started to contribute to

the development of the scintillating fiber tracker. In collaboration with Prof, Lobkowicz's

NSF-supported group, we have been working on the design and construction of ribbons of

fibers, and have succeeded in producing flexible ribbons of excellent precision that will be

used in the upcoming tests of the system at Fermilab. We are also developing schemes for

mounting the fiber ribbons onto cylinders that will be enveloping the interaction region.

In addition, we are involved in the organization of presentations of the Upgrade issues to

the Laboratory and to the PAC.

Past History of Rochester Involvement

Our interest in the long-term research possibilities of the SSC and the more near-term

opportunities at tile TeV-I collider, as well as our expertise in liquid-argon calorimetry,

were the primary factors in our group's initial decision to enter the D-Zero collabora-

tion. Because of previous commitments, our early contributions to the experiment were

somewhat modest. Among these were the following: we set up liquid-argon test vessels

to study argon- poisoning properties of materials which were expected to be used in the

construction of the calorimeters; we selected high-voltage (HV) cryogenic capacitors for

the early test-beam calorimeter studies and participated in the run during the summer of

1985; subsequently, we contributed to various aspects of the analysis of the first test-beam

data. Using the EGS programs, we examined the effects of cladding and of thickness and

flatness variations of uranium plates on the _nticipated properties of D0/calorimeters; we

investigated the effect of uranium and electronic noise on the pT resolution of the trig-

ger; we designed and constructed prototype HV connectors for use within the calorimeters

and for feedthroughs; and we carried out design work on the mechanical fixtures and the

cryostat needed for the test beam program in the NWA experimental hall.

With the expansion in our scientific staff in late 1986, the Rochester group took on

additional responsibilities in the implementation of the test-beam program, as well as in

other calorimetry-related areas. We concentrated on developing the design of the test-

beam cryostat and of the associated mechanical supports and manipulators. Dr. Blazey

has been responsible for providing temperature and purity monitoring systems, both for

the test beam studies and for the final D-Zero calorimeters, and Dr. Draper guided the

day-to-day activity in the NWA experimental area, and helped coordinate preparations

for the test beam runs (he was also serving as Liaison Physicist to the Research Division

of Fermilab). (Dr. Draper moved at the end of 1991 to a position as Asst. Prof. at

the University of Texas at Arlington, and was replaced in January 1992 by Dr. Stefan

Gruenendahl, formerly of Heidelberg and the UA-2 experiment.)
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With direct access to the D-Zero programs through DECNET, we worked on the

development of the GEANT Monte Carlo system for D-Zero., We examined questions

pertaining to mechanical structure of endcap modules and the effect of different design

choices on the overall resolution', We have studied aspects of the transition region between

the central and endcap calorimeters (see Fig. 2) to determine the effect that additional

readout information (e.g., scintillator) might have on the resolution of the detector.

Using a liquid-argon test vessel, we studied aspects of noise and high:voltage break-

down for the geometrical configurations of resistive coating planned for the endcap

calorimeter modules. We also continued argon-purity tests to check on contamination

properties of sundry laminating glues and epoxies, and low-density filler material s such

as Rohacell. Over a dozen samples were cleared for use in D-Zero, and a report on this

subject has been circulated within the collaboration for review prior to submission to Nucl.

Inst. & Methods. In additions we studied diffusion and adsorption properties of Rohacells

which we selected for use as low-density argon-displacer.

During the 1987/1988 and 1990/1991 test beam runs at NWA, we had responsibility

for the overall coordination of the scheduling and supervision of the operations. In addition s

we provided manpower for shift work. We were also responsible for the maintenance and

improvement of the argon-purity and temperature-monitoring systerns_ as well as for the

online trigger logic and CAMAC system for the test beam. Primarily for financial reasons,

the cryostat used in the test beam studies of the 1987/1988 fixed-target run was not the

one of choice s but rather one that was available to D-Zero. Consequently_ the cryostat was

too small to contain a realistic assembly of CC modules that could include all three depth

sections at once, namely electromagnetic (EM)s fine hadronic (FH) and coarse hadronic

(CH). Nevertheless, we conducted many essential tests_ and we now have a much better

understanding of the behavior of the calorimeter. For the latest test beam runs D-Zero

had a specially designed cryostat and transporter to study and calibrate the detailed

performance of the calorimetry. We have made major contributions to the design and

acquisition of this equipment. We have also made important contributions to the design

and implementation of the low-energy test beam that was used in the studies of the second

load of the test beam cryostat.

After the completion of the 1987/88 run at NWAs we installed the DOUSER System

arid the DI3000 package at Rochester s and have processed and are continuing to analyze

data from the test beam.
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Summary of Current Techmcal Activity

During this past year, D-Zero activity was focussed on the completion and installation
of major components and detecto;r systems_ on the anMysis and the runs of the two loads of

the test-beam cryostat at NWA_ :and on the commissioning of the central calorimeter and

its tracking system at D0-Hall. (Currently_ the entire detector is on standby for beam.)

There has been major progress in the analysis of the data tom the test-beam runs, and in

the development of both the on-line and off-line analysis packages, Figure 3 shows pictures

of the assembled CC and EC calorimeters_ and Fig. 4 provides a layout of the modules

contained within the test-beam cryostat for the two separate loads. Our three advanced

PhD students reported on the status of the analysis of data from the 1990 exposure of

Load-I to pions and electrons with beam energies between 10 GeV/c and 150 GeV/c at

the 1991 Spring Meeting of the American Physical Society and are presently completing

the analysis of data from the second run.

The test-beam data taken during 1990/1991 are of excellent quality, and will provide

a rich data base that will be used to calibrate modules and tune the response of the

final detector, We have studied such issues as sampling-fraction optimization_ longitudinal

and transverse shower shapes, energy resolution and correlations in electron and pion

showers observed in the data_ and compared the results with Monte Carlo simulations.

The electron resolution of the EC/EM sector is essentially as expected_ as is the EC/IH

hadror_ic response. From a study of an energy scan at low intensity_ the hadronic resolution

was found to be consistent with an expected sampling term of 0,45V_ and a relatively

small constant term (_ 3%). Our initial results were presented at the recent International

Conference on Calorimetry in HEP at Fermilab_ and s as mentioned previously_ by three of

our graduate students at the 1991 Washington Meeting of the APS. A report describing

results of the 1990 run of th'_ test beam has been completed and is about to be submitted

to NIM.

Our group has been contributing to sundry commissioning runs of DZcro through

monitoring temperature ch£nges during cooldowns_ and argon purity variations during

the runs. Our temperature monitoring systems were used to assure successful and safe

operations. The commissioning runs have been very valuable in helping debug the online

software, and in providing muon trajectories for developing off-line reconstruction of tracks.

We havc also initiated a program aimed at developing an understanding of the char-

acter of the heavily ionizing and minimum ionizing components of hadronic showers. By

analyzing the HV plateau for pion-beam data into alpha and beta-source components_ we

should be able to estimate the amount of heavily and minimum-ionizing energy deposi-

tion in pion showers. We have taken HV plateaus at several energies during the recently
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completed TB run in order to gain a better underst_.nding of the meaning of such a decom-

position. The preliminary results of our study were presented at the April 1992 conference

on liquid radiation detectors in Tokyo, and a report will appear in the proceedings of that

conference. We have also started evaluating the offline response of the D-Zero calorime-

ters to various backgrounds. Preliminary results show that the detector must be gated off

during certain periods of the Main Ring cycle because of large energy depositions from

particles originating in the Main Ring. These studies will continue as the collaboration

learns to deal with various backt;rounds in the collision hall.

Finally, as we have stated, we have been developing techniques for making ribbons of

scintillating fiber for the cosmic-ray test of the SciFi system anticipated in the summer
1992. This as discussed in more detail in the next section.

Research and Development in Scintillating Fibers

Charged-particle tracking for the fully upgraded DO configuration will rely on an inner

silicon microstrip system and four units of scintillating fibers. The fibers will be epoxied

into ribbons, in a double-layered structure, with each ribbon containing 128 fibers per

layer. The ribbons will be mounted on thin carbon-fiber-wound cylinders, with two sets

placed coaxially and two sets at small stereo angles per cylinder. The lengths of the fibers

will vary somewhat, with the longest being about 2.8 meters. The light produced in the

fibers will be transmitted, using individual light guides, to high-quantum-emciency solid

state devices (VLPCs) that will provide signals for further processing. The light will be

read out from single ends of the fibers, which will have reflective coats their other ends.

The development at Rochester has focused on several issues. First, we investigated

an alternate read-out scheme, namely involving the use of avalanche photo diodes (APDs).

This work was started when it was still not certain that VLPCs would become commercially

available, and it will shortly come to an end. Our major concern, however, has been the

development of ribbons of scintillating fibers, the measurement of positions of fibers on

such ribbons, and, now, the precise placement of such ribbons onto cylinders. We have

been working closely with Prof. Lobkowicz's group on all these developments.

The fibers in ribbons must be spaced uniformly (within 25/zm) and be held securely

in place. However, the ribbons must also be flexible enough to be wrapped around the

cylinders. In order to develop suitable construction techniques, we are currently producing

prototypes that are 50 cm long and 64 fibers wide, and have started preparing the tools

for producing 3 meter ribbons.

When a ribbon lies along the axis of a cylinder, the fibers on the outer layer must

have a wider spacing than the fibers on the inner layer. The fibers must be able to move

a few /zm relative to each other or else the ribbon will not bend and lie snugly on th,_,
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cylindrical surface. For the stereo u and v views, ribbons must bend so that they can be

wrapped around the cylinder. The alternative to flexible ribbons would be to construct

rigid units with the curvature already built in; however, this choice would introduce many

complications in the construction process. Furthermore, in the case of the u and v views,

this would require ribbons that were rigid helices, and virtually impossible to produce.

Thus, making flexible ribbons seems as the only reasonable currrent alternative.

In making a flexible ribbon, stability becomes an issue. If glue becomes imbedded

between the fibers, the ribbon becomes rigid. But if the fibers are not securely glued

together, the fibers will not be held in place; they may shift position or break off completely

during detector assembly. Using the right amount of glue, and keeping it in the right places,

has become a major, albeit mundane, challenge and development project.

We began to fabricate prototype ribbons in September, 1991. Our earliest efforts used

long thin strips of Ultem or Delren as substrates, with grooves cut in the top to align the

fibers, and "keys" on the bottom for positioning the ribbon on the cylinder. These ribbons

were unsatisfactory because they were too rigid and contained too much material. We

concluded that substrates had to be very thin. We also established that a substrate was

necessary to hold the fibers in position since the fiber diameters varied too greatly to rely

on gluing them next to each other.

We now use thin (about 1 mil thick) strips of fiberglass cloth as substrate to produce

flexible single-layered ribbons. The fibers are aligned at the proper spacing (870 urn) in

grooves cut into a long aluminum mold. A strip of the fiberglass cloth is coated with a

thin layer of epoxy (Epotech 301), and is then placed over the fibers in the mold. A sheet

of Mylar is used as backing for the fiberglass cloth at this stage; it makes the cloth much

easier to handle. Weights keep the fibers in the grooves as the epoxy dries. When dry, the

cloth edge is trimmed and the mylar backing is peeled away, leaving a smooth, non-pourous

back surface on _he ribbon. When the right amount of epoxy is used, the resulting ribbon

is flexible, and the fibers appear to be secure; we are presently studying possible methods

for applying the "fight amount" of epoxy in a consistent, perhaps automatic, fashion.

Our main efforts are now directed toward producing a double-layered ribbon by gluing

two of our single layers together, back to back, using a third strip of epoxy-coated fiberglass

cloth between them. (The non-pourous character of the backing of the layers is important;

it keeps epoxy from entering between the fibers.) Matching, grooved molds, with guidance

pins are used to align the two layers of ribbon to the proper offset (half of the distance

between two fibers).

We have also constructed a system for measuring positions of fibers placed in ribbons;

this has an accuracy of several microns. With this device, we will be able _o determine
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Figure 5: Commissioning Run of the CC: Central Detection System including inner

tracking chambers surrounded by the Central Calorimeter (with cables wrapped around

the end of th= _ryostat).
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whether any ribbon meets the criteria for uniform fiber spacing and straightness needed

in the DO detector. Fiber positions are measured by passing light from a pointlike source

across the fibers at a known position, and detecting that light at the ends of the fibers.

The apparatus is contained inside a 3-meter-long light-tight box. The ribbon to be

measured is held in place by vacuum pressure on a bar that runs along the length of the

box. The first scintillating fiber is pressed to one edge of the bar along its full length;

this fiber provides information about any kinks or bends in the ribbon by comparing the

position of this ribbon's edge fiber to that of a separate reference fiber. A carriage, which

rides on rails above the ribbon, can be driven the entire length of the box using a computer

controlled stepping motor; longitudinal positions are measured by an encoder to about 1

cm accuracy. Mounted on the carriage is a UV arc lamp, containedwithin a brass box,

and a quartz fiber, which directs a small spot of this light onto the ribbon. A second

stepping motor, mounted on the carriage, moves the light across the fibers on the ribbon.

A high-precision linear encoder allows the light spot to be moved and positioned laterally

with an accuracy of 2/_m. The UV source induces scintillation light inside the fibers, each

of which is coupled to a clear waveguide fiber, which is in turn coupled to a photodiode

(MRD510). The output is amplified and integrated to a DC level; an ADC senses this

level and sends it to an IBM PC/AT via a VME bus. The process is slow, due largely to

long integration times of the amplifiers. One scan across 64 fibers in 50 #m steps takes

about 3 hours.

In order to determine the center of each fiber to the best possible accuracy, we fit the

output signal for each channel, as a function of lateral-position, to a Gaussian convoluted

with a semicircle; the latter represents the fiber's top surface. The center position given

by the fit is then used to determine the uniformity of the center-to-center spacing.

Our measurements to date indicate that most of our ribbons meet the uniform spacing

requirement of -4-25 _m. We have been able to detect presence of misplaced fibers (due

to their coming loose from the ribbon) and fibers that crossed over each other. The

results to date suggest that ihe ribbons are in fact suitably uniform, and that the position

measurements can help detect a variety of faults.

We are planning to start constructing 3 meter ribbons within several weeks, and are

beginning to study means for placing the ribbons on cylinders. In addition, improvements

to the ribbon-measuring system are under way. We are working on implementing a system

of lenses and/or mirrors to increase the UV light incident on the scintillating fibers; we

hope to obtain a corresponding increase in the light signal from the fibers. A quick and

effective connector for coupling the scintillating fibers to the waveguide fibers is also under

development. With such a connector, it should be easy to measure both our own ribbons
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and commercial products, such as Kuraray ribbons.
Publications and in press 1991-1992

1. J. Pun and T. Ferbel

Monte Carlo Investigation of Aspects of Sampling Calorimeters
Nucl. Inst. and Methods A302, 285 (1991).

2. G. C. Blazey
Monitoring Liquid Argon Purity at DZero
Proc. of Int. Conf. on Calorimetry, World Scientific, A. Para and C.Sazama_ eds.,

(1991).
3. T. Ferbel, editor

Techniques and Concepts of High Energy Physics- VI
Plenum Pub., N.Y. (1991).

,

4. G. C. Blazey and R. J. Hirosky
The Minimum and Heavily Ionizing Components of Particle Showers
Proc. of International Conference on Liquid Radiation Detectors (Tokyo 1992), in

press.

5. M. Abolins et al.,
Beam Tests of the DZero Uranium Liquid Argon End Calorimeter
to be submitted to NIM, 1992.
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Task D' Deep Inelastic Lepton Nucleon Scattering

Participants: Drs. A. Bodek, H. Budd, W. Sakumoto, P. de 13_-baro, R. C. Walker, Mr.

Y. K. Yang (FNAL E744/E7?O/E815; SLAC E140/E140X/E143)

1. Overview

The research performed under this task involves neutrino experiments at FNAL and

electron scattering experiments at SLAC The primary activity in the neutrino part of this

task during the last year was the analysis of data from neutrino experiments E744 and E770

(CCFR). These neutrino experiments comprise the largest and most precise neutrino data

set to date. We have submitted for publication the best determination of the four flavor

QCD A --4 from the analysis of z.Fs. Our precise extraction of F2 indicate that SLAC,ms

BCDMS and CCFR yield a consistent set of structure functions over a very wide range

of _cand Q2. We have extracted a new precise determination of sin _ Ow, and are working

towards a better determination of the charm quark mass and the strange sea. In addition,

we are submitting for publication a study of double vertex events in neutrino interactions.

These events are not presently understood in terms of the known backgrounds and may

indicate the production of a new long lived neutral particle.

The primary activity in the the SLAC part of this task during the last year was

the running of SLAC experiment E140X which ran in Fall of 91 Professor A. Bodek is

the co-spokeman of SLAC E140 and SLAC E140X. We have also finished the combined

analysis of all deep inelastic scattering experiments from SLAC. It is very satisfying that our

SLAC data agrees in the region of overlap with our higher Q2 neutrino data (the analysis

were done independently). These data helped resolve the disagreements between BCDMS,

EMC and CDHS data. We have submitted for publication (in Physics Letter) the inelastic

structure functions from the combined analysis, and also submitted for publication new

precision measurements of elastic form factors from SLAC experiments El40 and NEll.

The members of this task are also involved in the construction of the CDF hadron

tile calorimeter and in SSC R+D on tile fiber calorimetry. Therefore, we have reduced

our participation in both SLAC and the FNAL neutrino program in 1992. In last year's

proposal, we thought that we would completely phase out our involvement with the neu-
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trino program and only work on SLAC experiment E143, and future electron scattering

experiments with 50 GeV beams at SLAC. However, the recent results from our analysis

work of the neutrino data indicate that with the increased FNAL intensity, there is a lot

of physics in the next generation fixed target neutrino program at FNAL. in addition, we

have been heavily involved in the study of double vertex events (de Barbaro's thesis). The

origin of these events is not understood. In the next neutrino run with improvements to the

neutrino detector and instrumentation of a massless gap in back of the Lab E iron toroids,

we can determine if the double vertex events come from the decay of a new neutral particle.

Therefore, we have decided to continue participation in next FNAL neutrino experiment

(E815 Phase I) at a low level, with the intent of substantial increased participation in a

future Phase II of E815.

Neutrino experiment E815 has conditional phase I approval (pending final publications

of sin 2 0w results and increase in the size of the group). The involvement of Rochester

will help toward _he granting of full approval to E815. The primary goal of E815 is a

new measurement of sin 2 Ow. The expertise of the Rochester group is needed in order

to bring the Lab E detector to operating status, as Rochester personnel were in charge

of tile on-line data acquisition system, the fast electronics the Lab E target-calorimeter,

the trigger counters and the veto wall. We have agreed that we will help out supervise

new collaborators in the recomissioning of the Lab E neutrino detector, and with the

implementation of the instrumentation downstream massless gap for the study of double
,i

vertex events. The Rochestcr group has requested from SDC that the hanging folder

calorimeter (see SSC task) used by our group to study compensation in calorimetry, be

made availablc to the neutrino experiment for the instrumentation of the downstream gap.

Otherwise some of the sections of thc existing neutrino target will be moved downstream.

We are planning a more major involvement in the later Phase II portion of E815,

which is expected to have a factor of 10 to 20 improvement in statistics for more precise

determination of structure functions. A more precise determination of the Weinberg angle

and other aspects of neutrino physics including the study of double vertex events if the

anomaly is confirmed in phase I. This will require a detailed study as to how to reduce the

systematic errors to a much lower level. Since Phase II is to run after the 1995/96 CDF

/44



i,

collider run, there is sufficient time to investigate major detector improvements, Originally,

this was to be accomplished be replacing the iron toroids with expensive air core toroids.

The Rochester proposal is much less expensive. It is to have the existing calibration

hadron/muon beam incident on the front of the neutrino calorimeter at the same time as

neutrino data is being taken. The first part of the neutrino target/calorimeter will need

to be modified to be compensating such that hadron and neutrino interactions will be

guaranteed to have the same calibrations. While planning for the next generation neutrino

experiments: we are also studying a possible neutrino experiment at the SSC, to detect

neutrinos from the P-P collisions at the high luminosity IR's at the SSC.

For the SLAC part of this task, we have concentrated on analysis of SLAC data

from E140X and other SLAC data. We are participating in the later experiment, SLAC

experiment E143, which will measure the spin structure functions for both neutron and

proton using polarized targets. SLAC experiment E143 will run in 1993. For experiment

E143, we will build a pre-radiator to improve the pion rejection and enable the experiment

to go to lower values of Bjorken _. This pre-radiator will be built using the scintillating

tile technology that we are developing for the CDF plug upgrade and for SDC. Therefore,

the pro.totypes that we are building for CDF and SDC have also served as prototypes for

SLAC E143. Such better detectors are essential for the future SLAC experiments with 50

GeV beams at end station A, since the rates are much higher and the pion backgrounds

are milch worse.

2. FNAL Neutrino program. (E744, E770 and E815)

Preliminary results of the following analyses have either been submitted for publication

in 1992, or have been presented in conference proceedings and are being finalized for journal

publication in 1992.

(a) Extraction of A-4-- from the analysis of zFa; and the GLS _um rule. (r)ublicationsms

4,6,11 ,] 2,13,16,20,21,22)

The extraction of A4 from the xFa is free from any assumptions about the gluonma

distributions. The QCD evolution of xFa only depends on the valence quark distribution.

Therefore the A4 extraction from sFa have small systematic errors. Figure D-l(a,b,c)
m_
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shows the logarithmic slopes of _Fa versus Q2 and comparison to the QCD prediction.

The previous CDHS data did not agree with QCD, which was a long standing problem,

Our new more precise slopes form E744/E770 agree with QCD and lead a wlue for the 4

4 Theflavor h -_4_of 210 ± 28 ± 41 MeV, which is the most precise determination of A_-_.m_

integr_ of _Fa/_ yields the number of valence quarks (3) with a small QCD correction.

This integral is known the GLS sum rule. We obtain a value of 2.50 ± 0,018 ± 0.078 for
4

the integral. The prediction of QCD (with our value of hZ) is 2.61 ± 0,004.

Our value of A--4 can be evolved to a value of a° at the mass of the Z. This evolutionms

yields a strong coupling constent a.(Mz) = 0,111 4- 0,0002 ± 0,003 (with an additional

0,003 from a theoretical scale error). The value from a LEP data using the Z iine shape

yields cza = 0.14, which is about a two standard deviation discrepancy (for example OPAL

gets a,(Mz) = 0.148 ± 0.021). This ma 3, be related to the old well known problem in

all e+ e- experiments that Rhadron in e+e- interactions at PEP, PETRA, TRISTAN and

now LEP is about 2 standard deviations higher than is expected from QCD, and imply a

rather high value of A4 of order 600-800 MeV. On the other hand, the event shapes andms

jet rates at LEP yield ao(Mz) values of order 0.12 (OPAL gets 0.122 ± 0,06), which are

more consistent with our precise results.

(b) Extraction of the structure function F2.

Figure D-2 below shows a comparison of,our F_ values with other experiments. There

is good agreement with SLAC and BCDMS, but poor agreement with EMC and CDHS.

It appears that the CDHS values of F2 are much too low at low values of Q2. Unlike the

CDHS slopes, the logarithmic slopes of the CCFR data are in agreement with QCD.

(c) New results on same sign dimuons (publication 23).

We have the largest sample of same sign dimuon events. The more precise CCFR

rates are lower than the anomaly high rates reported by previous experiments. However,

the small observed rate is still two standard deviations above background. The observed

signal cannot be explained by the QCD calculations of production of _ pairs in neutrino

interaction .

(d) New Results on double vertex events (publications 7,14,15)

We observe an excess of double vertex events which is above all levels of the calculated
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backgrounds, If this excess is real, it indicates that production of a new particle with

lifetime cr 7 of about 2 meters (see figure D-3) and a probable mass in the range 0,5

to 2,0 GeV. We hope to resolve this mystery by improved instrumentation of a massless

gap behind the Lab E toroids, where the decays of such particles can be observed in free

space. We are presently looking into the details of the necessary instrumentation to be

implemented before the E815 run.

(e) A new precision determination of sin 2 0w

We have developed new techniques for the extraction of sin 2 Ow angle from the high

statistics data of E744 and E770. The E770 neutral current data yields sin 2 Ow of 0.224 :k

0.0064. This results tends to favor a higher Top quark mass (about 180 + 30 GeV) than

the combined analysis of the LEP data (which yields a value of about 130 q- 30 GEV). Our

results hint that it may take longer to discover the Top at the Tevatron. We are currently

doing a detailed systematic analysis for a more final result for the Neutrino 92 co'.lference

in ;June, 1992, and for journal publication. If the Top quark is discovered in the next

collider run then the more precise determinations of sin 2 Ow from E815 would provide a

stringent test of the standard model.

(f) A measurement of TeV muon Energy Loss (publication 1,3,5,19)

While running the neutrino experiment, we have triggered on TeV cosmic ray muons

which horizontally traversed the detector. This study is important for TeV muon iden-

tification at the SSC. The worry was that TeV muon electromagnetic interactions would

obscure the measurement of the muon momenta. Our results indicate that TeV muon

interactions are well modeled by current theory. These results have been accepted for

publication in Phys. Rev. D.

(g) Neutrino tridents and W-Z interference.(publication 2,17,18)

These results have been published and are the first confirmation of W-Z interference.

The major analysis that is being done and is expected to be published in 1993.

(a) Extraction of the gluon distribution the evolution of F_ and the determination of the

antiquark distributions from a complete QCD analysis of the structure functions.

(b) Final analysis of neutrino induced dimuons and extraction of the charm quark mass

and the strange sea,
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Figure D-2

Comparison of CCFR and SLAC results for F2(_, Q2) at a few representative values

of _. The SLAC and CCFR results are in very good agreement (the Rochester

group is involved in both experiments). Ther results are also in agreement with the
BCDMS CERN muon experiments. There is poor agreement with EMC and the

CD HS CERN muon and neutrino experiments.
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Figure D-3

The rate of double vertex events versus separation between the two vertices (each

counter corresponds to 10 cm of iron, or 20 cm of space). The neutrino N-N (two

neutral current events) show an excess above the total background from test beam

hadrons and random overlays. The excess can be fit assuming a production of neu-

tral particles with a mean path of 2 meters in space (or an interaction length of

1 meter in iron). We hope to further investigate this anomalous excess by instru-

menting a massless gap with chambers followed by a calorimeter, and searching for
such evenLs in Lhc nexL _O.t_ 5 neuLrlno run.

49



Our preliminary results yield a value of the charm quark mass of 1.3+ 0,3 GeV. The

data indicate that the integral of the strange sea is half of the average of d and _ sea, The

z distribution of the strange sea appears to be much steeper than that of the _ and d sea.

The next neutrino data run (experiment E815 phase I) is expected in mid 1994 (see

cover page of proposal attached as an appendix), it will be primarily devoted to a more

precise determination of sin2 6w, In addition, we have just started planning for improved

instrumentation to further study double vertex events, In the longer term, the goals of the

Phase II program are a factor of 10 increase in statistics to obtain a sample of 20 Million

neutrino interactions with the corresponding reduction in errors for all the above physics

topics.

3. SLAC program. (E140_ NE11,E140X, E143)

Preliminary results of the following analyses have either been submitted for publication

in 1992, or have been presented in conferenc_ proceedings and are being finalized for journal

publication in 1992.

(a) New precise extraction of the electric andmagnetic form factors of the proton from

SLAC E140 and SLAC NEll. (publication 24,31)(see figure D-4)

(b) The EMC effect in the deuteron and its affect on the extraction of neutron cross

sections from deuterium data. (publication 28,29)(see figure D-5)

(c) Precision determinations of the structure function F2 from all SLAC data. (publication

9,10, 27,30)

Some of the results on the comparison of SLAC, and BDCMS and CCFR data are

shown in figure D-2. These precise SLAC data have provided the low Q2 anchor for

all deep inelastic scatter]ng experiments. (see figure D-f)

(d) Final results on the EMC effect for many nuclear targets from E139. (publication 32)

The analysis has been completed and is expected to be published in 1993.

(a) New precise extraction of the electric and magnetic form factors of the neutron from

SLAC NEll.

(b) New extractions of R at large z and at the resonance region from E140x. SLAC

E140x just completed taking data in the fall of 1991, and we expect the analysis to

5o
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Figure D-5
, (a) A comparison of F_/F_, the ratio of the neutron and proton structure function,

extracted from a combined analysis of SLAC and BCDMS data using (solid line)
Fermi motion model for the deuteron and (dashed line) EMC effect model of the
deuteron.

(b) The F{/F_ ratio extracted using all available d/u quark distributions from
neutrino and antineutrino data on hydrogen tends to favor the EMC effect model

of the deuteron (dashed curve),



Figure D-6

Comparison of the precise extraction of the structre function F2 from a combined

analysis of all SLAC data and comparison to BCDMS higher Q2 muon results.
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take about 2 years.

(c) A combined analysis of M1 SLAC data and Ei40x in the resonance region.

The next data run that we are planning for is SLAC E143 which is expected to run

in late 1993 (see proposal cover page attached as an appendix and publication 25,33).

Rochester is responsible for the construction of shower preradiators using scintillating tile

technology. We are presently negotiating with Tohoku University to see if Japanese funds

can be provided for this effort. Therefore, we are holding off on our DOE equipment

request for this upgrade pending the outcome of these negotiations.

Talks and Related Activities

Professor Arie Bodek is the co-spokesman of SLAC experiment E140X. He presented

a talk on electron scattering experiments at SLAC at the Lepton-Photon Conference in

Geneva in July 91. He also gave a talk on the SLAC program at FNAL in January 92

and at Rochester in February of 92. Bodek has given talks on the construction of fast

scintillating tile preradiators and shower counters for electron scattering experiments at

the 1st Workshop on Physics with 50 GeV Beams at SLAC in February 91, and at the

SLAC Workshop on High Energy Electro-production and Spin Physics in February 92. Dr.

Walker gave a talk on electron scattering results from the SLAC program at the Univ. of

Ph'_llipines in June of 1991, and Dr. P. de Barbaro gave a talk on the neutrino program

in neutrino interactions at the Moriond Conference in France in February of 91, and will

present the new double vertex results in conferences at Ottawa and Dallas in 1992.

Structure functions results from the CCFR neutrino program was presented by Bodek

at the Conference on the Intersection of Particles and Nuclear Physics held at Tuscon

in May 91. Bodek has given a review of past, present and future structure functions

experiments at the QCD workshop at Penn State in March of 92, and has also been

invited _o give a structure function talk at the Neutrino 92 conference in Spain in June of

92.

Bodek has recently been appointed as the US editor of Z. Phys. C.

Task D: Deep Inelastic Scattering_

Publications and Conferenc, _ Proceedings 1991 and 1992

1. _.__easur;_ng _M,___onMnmenta with the CCFR Neutrino Detector
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B.J. King et al., (CCFR Collab)

Nucl. Instrum. Methods A302 (1991) 254-260.

2. Neutrino Tridents and W Z Interference.

S.R. Mishra, et al.(CCFR Collab) , NEVIS-1437, :Ian 1991.

Phys. Rev. Left. 66:3117-3120_1991.

3. Comparison of Hadronic Shower Punchthrough and TeV Muon dE / dX
with Calculations.

B.J. Kim et al (CCFR Collab)

Nucl.Phys.B (Proc.Suppl.) 23B:37-44_1991.

4. Nucleon Structure Functions from Muon-Neutrino - Fe Scattering at the

Tevatron.

W.H. Smith et al (CCFR Collab) WISC-EX-90-311, Jun 1990.

Proceedings of Neutrino '90 Conf., Geneva, Switzerland, Jun 10-15, 1990. published

in proceedings 1991.

5. Hadronic Shower Punchthrough and TeV Muon dE/dX.

W.K. Sakumoto et al (CCFR Collab), UR-1165, Jun 1990..

Proceedings of the Annual Meeting of the Division of Particles and Fields

of the APS, Houston Texas Jan 1990. Published 91.

6. Nucleon Structure Functions From Muon-Neutrlno Fe Scattering at the

Tevatron.

P.Z. Quintas, et al.( CCFR Collab) NEVIS-R-1427, :Iu] 1990)

Proceedings of the Worshop on Hadron Structure Functions and Parton Dis-

tributions, Fermilab April 1991, page 50 : D. F. Gisman, :I. Morfin, C. Sazama,W.

K. Tung editors, World Scientific.

7. A Search for Neutral Heavy Leptons in Muon-Neutrino - N Interactions.

P. de Barbaro, ct al.(CCFR Collab) UR-1157, :Iun 1990.

Presented at the Moriond Workshop on New and Exotic Phenomena, Les

Arcs,

France, January 1990. Published in proceedings ]991.

8. A Precision Measurement of the Gross-Llewellyn-Smith Sum Rule in Neu-

trino - N Scattering at the Fermilab Tevatron.

Wing-Cheong Leung, ct al. (CCFR Collab), NEVIS-1423, Mar 1990.

Proceedings of the 2Sth Rencontres de Moriond: High Energy Hadronic

Interactions, Les Arcs, France, Mar 11-17, 1990. Published 1991 p 369.

9. Precise Extractions of the X and Q2 Dependence Of R -- O'L/O'T

F_p:F?d, and .F_n/F_p from a Combined Analysis of SLAC Deep
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Inelastic Electron Scattering Eexperiments

L.W. Whitlow, S. Rock, A. Bodek, E.M. Riordan, S. Dasu,

UX-1101, May 1990

Presented at 25rh Rencontres de Morlond on QCD and Hadronic

Iv teractlons, Les Arcs, France, Mar 11-17, 1990. Published 1991 p 345.

10. Precise Extractions of the X and Q2 Dependence of R = CrL/O'T

F2p, F_d_ and F2n/F2p from a Combined Analy_|s of SLAC Deep

Inelastic Electron Scattering Experiments

L.W. Whitlow, S. Rock, A. Bodek, E.M. Riordan, S. Dasu,

Published in Proceedings of the Worshop on Hadron

Structure Functions and Parton Distributions, Fermilab April 1991.

published 1991, page 67, D. F. Gisman, J. Morfin, C. Sazama, W. K. Tung editors,
World Scientific.

Articles to be published in 1992 and Reports

11. Measurements of the Nucleon Structure Functions F_(z,Q_)and :zFa(z, Q2),

from neutrlno-Fe Scattering at the Fermilab Tevatron and the Mean Square

Charge Test.

S. R. Mishra ct al (CCFR Collaboration), Nevis Preprint 1459, Dec. 91

(Submitted to Phys. Rev. Lett). to be published 1992.

12. A Measurement of the Gross-Llewellyn Smith Sum rule from the CCFR

xF3 Structure Function.

W. C. Leung et al (CCFR Collaboration), Nevis Preprint 1460, Dec. 91

(Submitted to Phys. Rev. Lett) to be published 1992.

13. A Measurement of A_--_ from Neutrlno-Fe Nonslnglet Structure
Functions at the Fermilab Tevatron.

P. Z. Quintas et al (CCFR Collaboratio_l), Nevis Preprint 1461, Dec. 91

(Submitted to Phys. Rev. Lett). to be published 1992.

14. Double Vertices in Neutrino Interactions

by S. R. Mishra et al (CCFR Collaboration),

(to be submitted to Phys. Rev. D 1992).

15. A Study of Double Vertices in Neutrino Interactions

by S. R. Mishra ct al (,CCFR Collaboration),

(to be submitted to Phys. Rev. Lett).

16. Precision Measurements of F2(x,Q 2) AND xF3(z,Q 2) by the CCFR

Collaboration using muon-neutrlno Scattering at the Tevatron.

P.Z. Quintas, et al.( CCFR Collab) NEVIS-1457, Aug 1991.
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to be publisehd in proceedings of Particles and Fields 91, Vancouver,

Canada, Aug 18-22, 1991.

17. Recent Electroweak Results from the CCFR Collaboration: Neutrino

Tridents and W - Z Interference and the Lorentz Structure of the Weak

Current.

S.R. Mishra, et al. (CCFR Collab), NEVIS-1455, Mar 1991.

To be published in Electroweak Session of Moriond Conf., Les Arcs,

France, Mar 10-i7, 1991.

18. Electroweak Results from the CCFR Experiment.

Wesley H. Smith, et al. (CCFR Collab), WISC-EX-91-318, Aug 91.

To appear in Proc. of Particles and Fields 1991 Conf., Vancouver,

Canada, Aug 18-22, 1991.

19. A Measurement of TeV Muon Energy Loss in Iron.

By W.K. Sakumoto et al. (CCFR CoUab)), UR-1209, Aug 1991.

To be published in Phys. Rev. De 1992

20. Nucleon Structure Functions from Muon-Neutrino Scattering at the

Tevatron. UR-1211

p.[e,. Quintas, et al. (CCFR Collab), Invited talk by A. Bodek,

Proceedings of th 4th Conf. on the Intersections between Particle and

Nuclear Physics, Tucson, AZ, May 24-29, 1991.(to be published 92)

21. Nucleon Structure Functions from Neutrino-Fe Scattering

S. R. Mishra et al,(CCFR Colab) Neris 1465 (Jan. 92) to be published in Proceedings

of the SLAC topical conference, SLAC Aug. 91.

22. Nucleon Structure Functions from Neutrino-Fe Scattering

E. Oltman et al (CCFR Collab), Z. Phys. C53,t/1(1992).

23. Neutrino Production of Same-Sign Dimuons at the Fermilab Tevatron,

H. Sandler et al. CCFR collaboration, to be published in Z. Phys. C. 1992.

24. Measurements of the Electric and Magnetic Form Factors of the Proton

from Q2 = 1.75 to 8.83 (GeV/c) 2.

P.E. Bosted et al, SLAC Pub 5744, Feb. 1992. Submitted to Phys. Rev.
Letters. 1992.

25. Recent Developments in Shower Detectors

Presented by A. Bodek at the SLAC Workshop on High Energy

Electroproduction

and Spin Physics, Feb. 5-8, 1992. Published in Proceedings, SLAC-392,

page 239 (1992).
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26. The 1'990 Nobel Prize in Physics, by Arie Bodek and Michael Riordan

to be published in Mada, Israel Science Magazine 1992.

27. Precise Measurements of the Proton and Deuteron Structure Functions

from a Global Analysis of the SLAC Deep Inelastic Electron Scattering

Cross-Sections. L.W. Whitlow, E.M. Riordan, S. Dasu, Stephen Rock,

A. Bodek,

SLAC-PUB-5442, Oct 1991.to be published in Phys. Lett. B_ 1992.

28. Study of Nuclear Effects in the Deuteron and Extraction of Neutron to
Proton Structure Function Ratio.

A. Bodek, S. Dasu, Stephen Rock, SLAC-PUB-5598, Jun 1991.

Proceedings of th 4th Conf. on the Intersections between Particle

and Nuclear Physics, Tucson, AZ, May 24-29, 1991.(to be published 92)

29. Extraction of Neutron to Proton Structure Function Ratio.

A. Bodek, S. Dasu, Stephen Rock, UR-1244. Invited Talk By A. Bodek to be

published in Proceedings of the Lepton-Photon Conference, Geneva,

Aug. 91 (to be published 1992).

30. Measurement of the Kinematic and Nuclear Dependence of R = CrL/_rT in

Deep Inelastic Electron Scattering.

S. Dasu et al., to be submitted to Phys. Rev. D 1992

31. Measurement of the Proton Elastic From Factors for 1 <_Q2 _<3 (GeV/c 2)
at SLAC.

R. C. Walker et al to be submitted to Phys. Rev. D 1992.

32. Electron Scattering from Nuclear Targets

J. Gomez et al. to be submitted to Phys. Rev. D. 1992.

33. Measurements of the Nucleon Spin Structure at SLAC in End Station A.

By E143 Collaboration (R.G. Arnold, et al.), SLAC-PROPOSAL-E-143, n.d.

(reed Feb 1992) 39pp.

Articles in preparation for publication in 1992 and 1993

1. A New Measurement of the Weak Mixing Angle from CCFR Neutrino Data.

(CCFR Collaboration) in preparation for Phys. Rev. Lett.

2. Extraction of the Strange Quark Sea from GCFR Neutrino Data.

(CCFR Collaboration) in preparation ofor Phys. Rev. Left.

3. Neutrino Structure Functions from CCFR data. (Talk by A. Bodek

at the Rencontre de Aosta Conference March 92, in preparation).

4. A review of structure functions. Talk by A. Bodek to be published

in the Penn. State Workshop on QCD, March 92.

57

o



i

5. 3 Article on Structure functions, Electroweak and Same Sign dimunos
for the 1992 Moriond Conferences.

6. 4 Articles for the Neutrino 92 Conference, Granada Spain, June 92.

(structure functions, neutral currents, dimuons and double vertex

events).

7. A study of nuclear effects in the deuteron and extraction of neutron

to proton structure function ratio - in preparation for Phys. Rev.
Lett.
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TASK E: Nonlinear QED at SLAC

(Drs, C, Bamber, A.C. Melissinos, D, Meyerhofer)

(Graduate Students: S. Boege, A, Fry, T, Kotseroglou)

(Engilieer: T, Blalock)

1. Completion of the Axlon Search Program

This program of research was completed in February of this year; it included Drs.

Y. Semertzidis and G. Ruoso and Ms. R. Cameron who have now accepted positions

with other institutions. The principal effort in the past three years was the search for

the production of light pseudoscalars (axions) or scalaxs that couple to two photons. The

experiment was designed to measure the small optical rotation, and ellipticity, experienced

byan intense laser beam (A = 514 nra) propagating in a transverse magnetic field (_ 4T).

Data taking on this experiment was completed in the summer of 1991, the principal

results being:

(a) Measurement of optical rotation of the level of 10 -l° rad. This was achieved by

controlling the random motion of the laser beam and greatly reducing systematic

effects.

(b) Reaching an upper limit on the axion-to-two-photon coupling

ga_ < 6.7 × 10 -7 GeV -1

at the 3ct level, for ma £ 10-s eV, as shown in Fig. 1.

(c) The first measurements of the Cotton-Mouton constant for Helium and Neon.

Related technicM results were'.

(a) The operation of the CBA dipoles with sinusoidal modulation between 2.0 and 4.2 T

at a 30 s period, and ata temperature T = 5.2 ° K.

(b) The implementation of a spectral analyzer with 92 db dynamic range and 100 kHz

sampling rate.

(c) Establishing an optical delay line of 30 km length.

(d) Stabilization of the laser pointing by active feedback to better than 10 -7 rad.

These results are documented in the dissertation of Ms. R. Cameron and are being prepared

for publication. They have been extensively reported at conferences and meetings.

Following the measurement of the optical rotation we completed two additional ex-

periments that could provide evidence for the existence of axions. The first of these

61



lo6
> lo4

10 2 _

10° --_
10.5 10.4 0.001

m (eV)a

Fig. i

62



experiments, which can be referred to as "shining light through waals" was mentioned in

last year's report, The effect sought is the regeneration of photons in a magnetic field, and

the layout is shown in Fig, 2.

The laser beam makes mul'tiple traversaas in the first magnet but is blocker! at the end

of the magnet, However, axions produced in the first magnet will proceed into the second

magnet where some fraction reconverts to photons. For a coupling ga-_-_= 10 -° GeV -1

the conversion probability is Pa_ -.. 10-1° and the observed photon rate is

R-r = (P,_.y)2(P/_)

with P the power of the laser which was 2 W, To detect the regenerated photons we used

a cooled low-noise photomultiplier at the end of the second magnet, The laser beam was

chopped at 10 Hz and the signal would appear as a difference between the counts with the

laser "on" and "olT'.

We find that the regenerated photon rate R. r < 0,027 Hz at the 3ct level. This yields

a limit on g_

g_'r < 7.8 × 10-TGeV -1

While this limit does not improve on tile result of the optical rotation experiment, its

significance is that it is free of systematic effects. Such effects are present in the optical

rotatlon/ellipticity experiments where they produce signals with an axion signature. These

signals had to be analyzed with great care to determine their origin, and to demonstrate

that they were not due to axion production.

Finally, we also performed a search for solar axions through their conversion to xrays

in a magnetic field. The axions are produced in the interior of the sun and the flux reaching

the earth is proportional to ga-_-_'2The axion energy spectrum follows the photon spectrum

( black body) in the sun's interior and is centered around Ea " 3 keV. As a converter

we used a standard dipole magnet, with aperture 6 by 18 inches and 72 inches long. It

was installed on the AGS floor and oriented so that its axis pointed to the azimuth of

the setting sun. Thus, every day there was a 15 minute time window when the sur, was

aligned with the magnet aperture and the conversion efficiency maximized. We used a

thin window proportional chamber built by G.C. Smith of Brookhaven's Instrumentation

division to detect the converted xrays which where produced in an evacuated region inside

the magnet aperture.

In Fig. 3 we show a plot of the counting rate in 30 second intervals obtained around

sunset on January 27, 1992. The exact time of sunset isindlcated, but the data show

no enhancement at that time. The solid line is the best fit to the data, whereas, the

/
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dashed line giver the expected variation in the counting rate_ if the signal was equal to the

background rate of 2 Hz, From the data we set a limit

ga_-v < 3,7 x 10 -9 GeV -a

for ms < 0.1 eV. Itis remarkable that this relatively simple experiment can constrain the

axion coupling so tightly; this is, of course, due to the le,r_e flux of solar axions.

With these experiments a 5-year effort for axion searches at BNL has been completed.

While no axions were discovered- which is a disappointment to us- limits on their

existence as a function of mass and coupling have been set. These limits are shown in

Fig. 4 which also includes the constraints from astrophysical considerations, as well as the

prediction of the axion models.

A possible future effort, would be to improve on the solar axion search. We would use

the facilities of the SSCL and in particular one of the 15 m long SSC dipoles mounted so

as to track the sun. The increased field strength, length of magnet and observation time

make it possible to improve the limit on g_ by a factor of ten and to extend the range

of excluded axion masses up to a few eV.
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2. The Nonlinear QED Experiments

Our understanding of QED and the highly accurate calculations of higher order pro-

cesses are based on a perturbative approach. It now has become possible to experimentally

test QED in the domain of high fields where, at the least, the simple perturbation calcula-

tions must be modified. Whether under these conditions the underlying structure of QED

is also modified is an open question which can be answered by the series of nonlinear Q ED

experiments to be carried out at SLAC.

For these new phenomena to set in, the electric field seen by the electrons must exceed

the critical field
Tr_2c 3

Ec= eh =1.32x1018 V/cm

This high electric field is obtained by focussing a short laser pulse (T ,-_ 10 -12 s) with

_' energy of order a few Joules to near the diffraction limit (A _ 10 tim2). The field in the

laboratory frame is given by

E_,_,[V/cm] = 19.4_//I(Watts/cm 2)

However, an electron in its rest frame experiences a field

E* = 27E

and therefore the parameter of interest is

eEh

T = 27 m2c3

We plan to reach an intensity at the focus I = 2 × 1019 W/cre 2, which corresponds to

T = 1.4, exceeding the critical field strength.

At such field strengths, multiphoton effects are dominant; they can be characterized

by the parameter
eE

wmc

For our experimental conditions this parameter is of order 77= 3.5, well in excess of

unity. Multiphoton phenomena have been observed with atomic electrons but never in

elementary particle interactions. Finally, we mention that this series of experiments will

prov:'de t)_e first realization of high energy (E,y ,,_ 40 GeV) photon beams suitable for e-7

and 7-7 collisions in present or future machines.

The experiments will be carried out in the Final Focus Test Beam (FFTB) at SLAC
...L:-L '.-1_ 1N]0 -1--_ .... /--..1,- -t _N ('_^_T ...'4k ..... 11---4 -_:t_ .... (, _ 9 ,, 1n--]0_
V_'lllbll k.,Cl, ll IJJ. kg'Vlk$.K:, IU _,..,l_.-_lUllO/ _L_lOk., aa_ IJU _lt.._ V gl_ll b.g_.k,_,.i.l_llb _.,_llLlbbCJbllk_,_ kt- '-- O _ .J._t j
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in a short bunch. The FFTB will operate at 10 Hz but the laser system is restricted to 1

Hz. The modification of the FFTB line to accommodate the laser interaction points and

the forward detectors is presently underway. It is important to stress that the FFTB is

the only beam anywhere in the world, suitable for these experiments. Apart from its good

emittance the beam must be devoid of bends that produce synchrotron radiation since the

signals are all concentrated within an angle 1/7 in the forward direction.

We have proposed to carry out four related experiments, of progressively increasing

complexity. The same apparatus is used for all experiments with only minor modifications.

They are:

(a) Nonlinear (multiphoton) Compton scattering. For this experiment the laser wave-

length is not important and for simplicity we will use infrared (A = 1,054 nra). The

principal demand on the electron beam is that it be parallel (to within few n'dcro-

radians), whereas the intensity need only exceed 107/pulse. Apart from its intrinsic

interest, this experiment is also a pilot for the generation of an intense high-energy

gamma beam needed for measurements (c) arid (d).

(b) Measurement of the energy spectrum of the positrons emerging from the e-w collision

and of the energy and angular distribution of wide angle (up to 100 microradians)

high energy 7's. These can be produced in multiphoton interactions typical of the

beamstrahlung process. The values of T achieved in the experiment are of the same

order as in the next generation of linear colliders. For this measurement we will use

both IR and UV laser pulses.

(c) Measurement of pair production in 7-7 scattering with both photons real:

nWo + W _ e + e-.

This is the multiphoton version of the Breit-Wheeler process where Wo is an incident

laser photon and w is a high-energy photon derived from backscattering the laser

photons wo off the electron beam. We will use a UV (_ = 350 nra) pulse, which yields

high-energy photons with w,,_z -- 36.5 (]eV. The expected flux in the upper 10% of

the energy band is _ l0 s/pulse. Part of the UV pulse is brought in collision with the

electrons to produce the t_igh-energy photons, whereas the remainder of the UV pulse

is tightly focused and brought in collision with the high-energy photons. For a UV

laser at SLAC, we need to absorb at least three laser photons to make an e+e- pair.

(d) Measurement of the mass spectrum of the e+e - pairs produced in the process of

section (c), with a resolution of 10 keV in the low-mass region, M _ 1.0--2.0 MeV/c 2.

This is the region where the Darmstadt experiments have observed peaks in the e _e-
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effective mass. A possible explanation for this structure is that it is associated with

the high fields present during the heavy-ion collision; similar field strengths are present

in our experiment. Two experiments have demonstrated that there are no resonances

in e+e- scattering in a field-free region. Some authors have speculated that at high

fields QED undergoes a phase transition to a confining state, which would have bound

e+e - states. Our experiment offers the best opportunity at the present time to test

these conjectures free from the complications of the strong interaction.

Further details on the experimental program can be found in the proposal which has

been submitted by the collaborating institutions which are: the University of Rochester,

Princeton University and SLAC.

The interaction region for the laser-electron collisions is located in the dumping section

of the FFTB and is shown in Fig. 5. The produced high energy 7's and e+e- pairs are

detected 100 m downstream from the interaction points, in a magnetic spectrometer. This

is shown schematically in Fig. 6, where the detector elements are CCD arrays. The CCD's

have an effective spatial resolution of 5 /zm and can record multi-jet events as required

for this experiment. In the case of the high energy 7's a CCD will be used as an active

converter before the spectrometer. The detector has to be shielded from soft xrays which

are produced by synchrotron radiation of the electron beam. The construction of the

detector is the responsibility of Princeton.

Rochester has assumed the responsibility of providing the laser system and instru-

menting the interaction regions. At present we can provide the required intensity, but at

low repetition rate (once every 70 seconds). During the coming year we must construct a

"slab" amplifier which will deliver the intense laser pulses at a rate of 1 Hz.

The present laser system can deliver 1 J pulses of infrared (A = 1.05 tzm) and is

shown in Fig. 7. It consists of three parts' the pulse-preparation stage, the amplifier

chain, and the compression stage. The top part of the figure shows the pulse-preparation

stage. A cw-pumped mode-locked Nd:YLF oscillator generates a 100-MHz train of 50-ps

pulses at a wavelength of 1.053 /zm. The pulses are coupled into a 0.8-km single-mode

optical fiber with a 9-/zm core and then sent through a pair of expansion gratings. Due

to self-phase modulation and group-velocity dispersion in the fiber, and further dispersion

by the expansion grating pair, the pulses are chirped to approximately 300 ps across a

37-]k bandwidth. A single nanoJoule-energy p_se is selected by a Pockels cell and seeded

into a Q-switched, end-mirror-dumped rel;enerative amplifier. The amplifier uses a 7-mm-

diameter phosphate Nd:glass rod (Kigre Q98). A 1-mJ pulse is selected from the pulse

train, which is transmitted through the 50% reflective end mirror in the regenerative am-

piifier. The spatia] profile of the beam is cieaned with an air spatiai fiiter. An attenuator
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consisting of a half-wave plate between two polarizers is used to control the energy input

to the amplifier chain. The cw autocorrelator monitors compressed pulses before amplifi-

cation. The compression is done with a small compression grating pair, which is matched

to the compression gratings after the amplifier chain.

The amplifier chain consists of a double-pass 9-mm-diameter amplifier (Kigre Q-98,
I

235 mm long), and a single-pass 30-mm-diameter amplifier (Hoya LHG-8, 360 Into long).

One Pockels cell after the 9-mm amplifier further isolates the pulse and suppresses any

feedback pulse, which may result from reflections off optical elements. An additional

attenuator increases the system's dynamic range to l0 B. A vacuum spatial filter after each

amplifier is used to upcollimate, image relay, and spatially filter the pulse. The energy of

the chirped pulse after the 30-mm amplifier can be as high as four Joules with repetition

rate of 1 shot per 70 sec (limited by the thermal lensing in the 30-mm amplifier rod).

The compression stage consists of two 1700-line/mm gold-coated holographic gratings,

with dimensions 16 x 2.5 cre. The gratings are used in the near-Littrow, double-pass

configuration with a separation distance of 164 cm. The laser pulse is compressed to 1.6

ps with a bandwidth of 13,5A when no saturable absorber is used. An autocorrelator

and an energy meter are used to measure the final pulse width and pulse energy after

compression. A saturable absorber has been used to clean up the pulse wings and produce

a 0.9-ps Gaussian laser pulse when this is necessary. The autocorrelation trace of the pulse

is shown in Fig. 8.

The limitation of the present system is its repetition rate. However, a large-aperture,

high-gain, slab-geometry, Nal:glass amplifier has been designed, constructed, character-

ized, and routinely operated at the University of Rochester. This amplifier was specifically

designed to provide high-energy (_ 3 J), 0.3-1.0-ns pulses at medium repetition rate (2

Hz) with the superior beam quality (both phase and polarization) required for efficient

frequency tripling. These requirements are an excellent match to the chirped-pulse ampli-

fication stage of our present laser system. TMs amplifier has been in operation for over one

year with in excess of 200,000 shots delivered. We propose to duplicate this proven design,

using it to replace the repetition-rate-lilIfiting final alnplifier stages of the current laser

system, and to operate at 1 Hz. We request equipment rinds to construct this amplifier

as detailed in the appendix.

We have also addressed the generation of UV pulses by upconverting the II{, We have

obtained efficiencies of 80% for converting to green (A = 527 nra) and 50% for tripling

(A = 350 nra). We continue researching this process in order to further improve the

efficiency. We have also began experiments to investigate the alignment tolerances for

the focussing elements at the interaction points. The preferred layout for the focussin_
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paraboloids and for carrying out the diagnostics after the focus is shown in Fig. 9. Finally

the problems of the synchronization of the laser pulse with the Linac's electron pulse

are being investigated. The cost of the construction of the laser transport line and of

the interaction points is included in our equipment request. Itemized costs and further

technlcaJ details, can be found in the appendix,

Fig. 9
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3. Time table for E-144

The nonlinear QED experiment (E-144) was approved by the director of SI_AC fol-

lowing a presentation to the Experimental Program Advisory Committee on December

20_ 1991. A condition for this approval was that we have to demonstrate a laser intensity

sufficient to establish the critical field_ i.e, T = 1.0, This demonstration which entails

I = 2 x 1019 W/cm 2 will be Completed by June, We have already shown that we can focus

the beam to an area of 10/zm 2 with a pulse length of I ps (April 1992); this was achieved

with all the optics in place and should not be affected by the firing of the 30 mm amplifier;

namely at an energy level of 50 m,], We expect delivery of the power supply for this last

stage amplifier in the coming weeks_ so as to meet the June deadline.

The laser building at the SLAC beam line is now under construction and we expect

beneficial occupancy in September, This is necessary since we plan to ship the mode-

locked oscillator_ regenerative amplifier and the 4-pass amplifier to SLAC for installation

at that time. Dr. C. Bamber and Mr. T, Blalock will take up residence at SLAC effective

September 1992, for the duration of the experiment.

The FFTB is scheduled for completion in December of this year. We expect to have

installed the transport system by then_ and to have instrumented one of the interaction

points. This will allow us to observe laser-electron collision early in 1993 and to resolve all

technical problems by the Summer of 1993.

Development of the slab laser and detectors will continue through 1992 and we expect

to install this equipment in the beam line in the Summer of 1993. This would allow for

comissioning of the apparatus in the Fall of 1993. Data taking should commence in late

1993 and be completed in 1994.

The responsibilities for the apparatus are shared between the participating institutions

as follows:

- Laser system and interaction points instrumentation: Rochester

- Downstream spectromeier and CCD arrays'. Princeton

- Inner positron detector and beam line design and operation: SLAC

A memorandum of understanding between SLAC and the participating institutions

with respect to these responsibilities has been drafted and will be executed shortly.

Professor D. Meyerhofer of the Department of Mechanical Engineering is a member of

the collaboration but was not previously supported by this grant. His participation, which

is essential for achieving the stated goals in laser intensity, necessitates an increase in

operating funds. Further_ the stationing of part of our group at SLAC and the increased

travel costs also impose increased operating expenses. These costs are reflected in our
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operating request for F,Y, 1993,

Publications 1991 and in press

1. "Measurement of the Magnetic Birefringence of Neon Gas" R. Cameron G Canta-, , ,

tore, A.C. Melissinos, J. Rogers Y. Semertzidis, H. Halama, A. Prodell, F.A. Nezrick,

C. Rizzo and E. Zavattini: Journal of the Optical Society of America B8,520 (1991).

2. "First Measurement of the Magnetic Birefringence of Helium Gas", RI Cameron, G.

Cantatore, A.C. Melissinos, J. Rogers Y. Semertzidis, H. Halama, D. Lazarus, A.

Prodell, F.A. Nezrick, P. Micossi, C. Rizzo and E. Zavattini: Physics Letters A157

125 (1991).

3. "Coherent Production of Pseudoscalars (Axions) inside a Dipole Magnetic Field", Y.

Semertzidis: Proc. of XXVI Moriond on Tests of Fundamental Laws of Physics, :Ian.

1990, Editions Frontieres, O. Fackler, G. Fontaine and J. Tran Thanh Van eds., 341

(1991),

4. "Limits on Light Scalar and Pseudoscalar Particles from a Photon Regeneration Ex-

periment", G. Ruoso, R. Cameron, G. Cantatore, A.C. Melissinos, Y. 2emertzidis,

H.J. Halama, D.M. Lazarus, A.G. Prodell, F. Nezrick, C. Rizzo and E. Zavattini:

University of Rocheter preprint UR-1248; submitted for publication.

5. "A Search for Solar Axions", D.M. Lazarus, G.C. Smith, R. Cameron, A.C. Melissinos,

G. Ruoso, Y.K. Semertzidis, and F. Nezrick: University of Rochester preprint UR-

1253; submitted for publication.

6. "The Laser Switched Linac Project", C. Bamber, W. Donaldson, L. Kingsley, E.

Lincke and A.C. Melissinos: University of Rochester preprint UR-1207..

7. "Report on the Working Group on Gravitational Wave Detection", G. Gratta, K-J.

Kim, A.C. Melissinos, T. Tauchi: University of Rochester preprint UR-1218; to appear

in Proceedings of the 7th ICFA Workshop on Beam Dynamics

Theses Completed

1. "A P,flsed-Power Electron Accelerator Using Laser Driven Photoconductive Switches",

C. Bamber; University of Rochester PhD thesis, 1991.

2. "A Study of Picosecond High-Voltage Photoconductive Switching Using Electrooptic

Diagnostics and Computer-Aided Analysis", L. Kingsley; University of Rochester PhD

thesis, 1991.
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3, "Search for New Photon Couplings in a Magnetic Field", R. Cameron University of

Rochester PhD thesis, 1992.

Colloquia and Seminars Presented 1991-1992

A.C, Melissinos presented a colloquium at the University of Buffalo, and at Brookhaven

National Laboratory; he gave seminars at Princeton University, SLAC, the University of

Texas, tile SSC Laboratory and the University of California at Los Angeles. He gave in-

vited talks at the Workshop on Super Intense Laser Atom Physics at Big Sky, Montana,

at the University of Florida Workshop on Dark Matter and at the Spring 1992 Meeting of

the American Physical Society. Dr. Y. Semertizis gave a seminar at CERN and presented

results at the Florida Workshop on Dark Matter. Dr. Lazarus presented results at the

Annual Meeting of the Division of Particles and Fields, Vancouver, B.C. August 1991 and

R. Cameron at the International conference on Quantum Optics, Edinburgh August ]991

and at the University of Western Ontario,
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Task F: The AMY Experiment at TRISTAN, Search for a 17 kev Neu-
trino, and Preparations for Experiments at the KEK B-Factory

(Participants: Drs. P. Auchincloss, A. Bodek, H. Budd, L. Chinitz_ S. Kanda,
S.L. Olsen, A. Sill, K. Ueno, R. Walker, Mssrs. D, Blanis, B.J. Kim, T, Kumita,

Y,K, Li, C, Velissaris)

1, The AMY Experiment at TRISTAN
AMY is an experiment studying high energy e+e '- collisions at the TRISTAN

storage ring in the National Laboratory for High Energy Physics (KEK) in Japan. In
addition to the names listed above, Drs. E. Thorndike and members from his NSF-
supported particle physics group a_ Rochester have participated in this effort. The
entire collaboration includes groups from Virginia Polytechnic Institute, Ohio State
University, Rutgers University_ University of California (Davis), Louisiana State Uni-
versity, University of South Carolina, University of Minnesota, in the U.S.; KEK,
Chuo, Konan, Niigata, Saga, and Saitama Universities in Japan; Korea and Kyung-
pook Universities in Korea; the Institute for High Energy Physics in Beijing, China;
and the University of the Philippines.

Now that TRISTAN is no longer at the energy frontier, KEK has embarked on
a program of increasing its luminosity by an order of magnitude, To accomplish
this, the machine is operated at a center-of-mass energy of 58 GeV, where the lu-
minosity is optimal. In addition, superconducting quadrupole magnets were added
to each intersection region during the fall and winter of 1990-91 to facilitate running
the machine with lower _* values. These improvements have already produced an
aproximately four-fold improvement in luminosity; now AMY typically accumulates
800_1000 nb-1/day compared to 200-_300 nb-1/day, which was the case before these
improvements were implemented.

The AMY Detector

The AMY detector is a general-purpose detector based on a 3 Tesla supercon-
ducting solenoidal magnet with an inner radius of 1.2 meters. Charged particles and
7--rays are detected by cylindrical tracking chambers and electromagnetic shower
calorimeters located inside of the magnet. Drift chambers and scintillation counters
located outside of the iron flux-return yoke of the magnet are used to identify muons.
A schematic view of the detector, including the new endcap detectors, is shown in

Fig. 1. A complete description of the AMY detector is given in pub. 17. We have
recently upgraded AMY with the addition of charged-particle tracking chambers in
the forward-backward regions of the detector, and a high resolution vertex chamber
built on a 5 cm radius beryllium beam-pipe (the previous beam-pipe was aluminum
and had a 12 cm beam-pipe). Both of these devices have been commissioned and are
in operation.

Rochester's primary contributions to the AMY detector proper is the maintenance
and operation of the central drift chamber (CDC) and the forward tracking chambers
(FTC), both of which were constructed by our group, and the operation of the on-line
soI_warc ailu uct_a acqulsl _' 1 , , _ .... _._ _1 ...... ,_ .'__ ,'L.snuws improvcmm_ _a_ uaL_
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GDC resolution made during the past; as the calibration of the detector matures_
the resolution continues to improve. Figure 3 shows tracks from a Bhabha scattering
event and a dimuon event in the FTC,

The AMY Physics Program
The AMY group has published 23 papers on physics subjects in refereed journals

and has approximately ten other papers in various stages of preparation, In addition
the group has submitted approximately fifty contributed papers to various confer-
ences_ and has been the subject numerous presentations. The topics addressed in
the AMY research program were discussed in the 1991 proposal_ and won't be re-
peated here, Instead we just briefly note the Ph,D, thesis topics of the four Rochester
graduate students,

Search for additional neutral gauge bosons (Z' search),

The excellent agreement between the Standard Model relation for the Z° and W _+
masses allows one to conclude that if additional neutral gauge bosons (Z's) exist in
the few-hundred GeV mass range, their level of mixing with the Standard Model
Z° must be very small. Since this restriction does not apply to Z'-virtual photon
interference, TRISTAN has more sensitivity than LEP, so long as LEP operates near
the Z° pole. Hagiwara [1] have pointed out that in the various versions of E_ models,
the interference between the Zx or Z_ with the virtual photon reduces the rate for
e+e - ---_ l+l - below SM expectations while it enhances the rate for e+e - --_ q_.
The AMY experiment has always seen just these trends in the measured cross sections
for these processes; these trends also appear in lower energy results from PEP and
PETRA. In fact, if we fit these EB models to all existing data (including AMY's), we

= 1Q8+71'_," = 27+as_ • (see Figs. 4a and 4b).get best fit values of Zx _ _a2_ev and Z_ 1 ._17_ev
While the precision on the relevant measurements is certainly not sufficient to rule
out the Standard Model, the results are intriguing. The current level of precision on
the R value for e+e - _ q_ is limited by systematic effects that may prove difficult

to improve on; for the case of e+e - _ l+l - (1_ = _'± or #±), the precision is still
limited by statistics. Thus we can expect some improvement coming from the high
luminosity run planned for this year. This is T. Kumita's Ph.D. thesis topic, which is
almost done, An expanded study of these questions will be the subject of C. Velissaris'
Ph.D. thesis.

Measurements of the hadronic properties of the photon.

While LEP and the SLC have redefined the energy frontier for e+e- annihilation
physics, TRISTAN remains the world's premier machine for producing high energy
77 interactions in events of the type e+e - _ e+e - + hadrons. In those cases where
either the final-state electron or positron -but not both- are seen in the detector

(single-tagged events), the process can be interpreted as deep-inelastic scattering of
an electron from a quasi-real photon. AMY has analyzed single-tagged events to

- determine the world's highest Q_ measurements of the photon's structure function
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(pub. 21). In addition, we have recently published a paper that reports an excess,

relative to Quark-Parton (QPM) plus Vector-Meson-Dominance (VMD) model pre-

dictions, of high-pt hadron production in in quasi-reM 77 collisions, using untagged

e+e - ---- e+e - +hadrons events (pub. 23). Both the number of excess events and their

characteristics are in good agreement with expectations for hard scattering processes

between hadronic constituents of the photons. Figure 5 shows the measured thrust

distribution for the high-pt events together with predictions from QPM, VMD, and

a hard constituent scattering calcuiation. The latter is needed to reproduce the large

number of low-thrust events that are observed. This is the first quantitative study

of these processes, which are expected to be a dominant rource of high-pt hadrons
in high energy e-p collision at HERA and e+e - collisions at LEP-II, and has been

suggested as the source of anomMous muons in ultra-high-energy cosmic-ray photon

showers. More detailed studies, aimed at providing the measurement of the gluon

content of the photon, are being pursued. B.J. Kim is doing these studies as his
Ph.D. thesis topic.

Investigations of QCD.

We have reported clear evidence that the three-jet production rate at TRIS-

TAN is lower than that reported by lower energy experiments at PEP and PETRA

(pub. 6) -this is direct evidence for the running nature of the QCD coupling con-

stant c_o. We have recently started a program to determine Am--iusing the recently

developed next-leading-logarithm (NLL) QCD Monte Carlo program developed by

Kato and Munehisa. In Fig. 6, we show our measured jet fractions as a function

of the JADE clustering parameter Your, compared with results from the NLL cal-

culation for different values of A_-_. Based on this analysis, we reported a result of

,_-_ = 0.24 =t=0.07(star) + 0.06(sys) GeV to the Spring APS meeting in Washington

(April 1992) and a Physical Review-type paper is being drafted. Y.K. Li is continuing
this work and use it for his Ph.D. thesis.

Other papers in preparation by the AMY group include:

Studies of the Electro - Weak Interaction of T± and #+ Leptons.

hleasurement of the Forward- Backward Asymmetry for the process e+e - _ hb.

Properties of ]ligh - energy e+e - annihilation into hzdrons.

A study of Bhabha scattering at TRISTAN.
Measurements of Bose- Einstein Correlations in Pion Production.

Inclusive photon production in e+e - annihilations.

Measurement of the Polarization of v - leptons.

Studies of Partor. Fragmentatior, and Parton- Jet Correspondence.
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AMY Personnel

To date, the Rochester AMY group has produced six Ph.D. ph/:i,cists , namely T.
Mori, Y.H. Ho, H.W. Zheng, and Y.K. Kim, from the DOE-support_ed group and S.
Eno and M. Shaw from the NSF-supported group. Mori is now with the University of
Tokyo _)PAL group, Eno is with the Chicago CDF group, Shaw is with the Purdue
CDF g'.oup, Ho is with the satelite division of Hughes Aircraft, Zheng is with the SSCL
ma_:let division, and Kim is with the Berke!ey CDF group. Four other Rochester
students, T. Kumita, B.J. Kim. Y.K. Li and C. Velissaris, are resident at KEK
and will prepare Ph.D. theses based on of AMY data. K. Ueno, a Senior Research
Associate, is the resident leader of the KEK-based Rochester group and is assisted by
S. Kanda, a Research associate. R. Walker, a Rochester Research Associates whose
activities in Japan are primarily supported by the Japan Society for the Promotion

of Science (JSPS), has recently been awarded an SSC Fellowship and is working on
calorimetry for the SDC and CDF tasks. L. Chinitz is a Rochester Research Associate
working on AMY resident in Japan and supported primarily by the JSPS. A. Sill,
who was an SSC Fellow last year has switched the f" :us of' his research to the SSC
and CDF tasks.

Seminars and Related Activities

Professor S. Olsen is the Spokesman of the AMY experiment. He presented invited
talks at the SLAC Summer Institute in August 'gJ, at the Korean Physical Society
Meeting in October '91 and at the Institute for High Energy Physics at Beijing in
October '91 as wel] as at the University of Hawaii in April '92. He also presented
a talk at the HEPAP Subpanel 'Town Meeting' at Brookhaven National Laboratory

in April '92. He participated in the annual AMY meeting, the APS DPF Meeting
at Vancouver, the 2nd KEK Topical Conference on e+e- Collisions as conference
organizer and session chairman, and the SLAC B-Factory Workshop in April '92.
He is currently serving on the SLAC Scientific Policy Committee, the SSC Program
Advisory Committee and on the URA/Fermilab Visiting Committee.

Dr. K. Ueno gave talks at meetings on the Phi-Factory at UCLA in May, Novem-
ber and December 1991. He also participated in the Japan Physical Society Meeting
at S_.pporo ii1 October 1991 and presented a talk at the Vienna Wire Chamber Con-
ference in February 1992. He attended the workshop on Tracking for the B-Factory
at Nagoya in January 1992, the JPS meeting at Yokohama in March and the SLAC
B-Factory meeting in April 1992.

Dr. S. Kanda attended the JPS Meeting in April 1991 as well as the Spring 1991
Meeting of the APS in Washington. He presented a talk at the DPF Meeting at
Vancouver in August 1991 and the JPS Meeting at Hokaido in September 1991 and
the JPS Meeting at Keio in March 1992.
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Conclusion

In spite of the operation of LEP there are many areas of fruitful research that can

be pursued with the AMY experiment at TRISTAN provided a significant increase

in integrated luminosity is accumulated. TRISTAN will continue to be the world's

premier facility for studying high energy photon-photon interactions, which AMY will

continue to exploit. In addition, until the operation of LEP-II, experiments in the

TRISTAN energy region will be uniquely sensitive to a number of Z_ candidates that

don't mix with the ordinary Z°. ' (Since the results from LEP are in such close agree-

ment with the standard model values [2], these are the only Z° candidates left.) In

anticipation of this research program, the AMY group has recently made a number of

upgrades to the capabilities of the detector continues to work on reducing systematic

effects. Our goal is a total integrated luminosity of 300 pb -1, which we expect to

accumulate during the next two years.
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Other Activities in Japan

Ia addition to the AMY experiment, we are engaged in other activities in Japan,
These include a search for evidence for the emiBsion of a 17 KeV neutrino in the

6aNl B--spectrum, beam tests of radiation detectors made from artificial diamonds
produced by chemical vapor deposition (CVD), and studies of the physics potential
and detector needs for CP, T, and CPT measurements at the proposed KEK B-factory,
Here we describe the 17 KeV neutrino and B-factory work; tile CVD diamond work
is described in the section on SSC detector R&D,

2. Search for a 17 KeV Neutrino

In 1985, Simpson [1] reported evidence for the emission of a neutrino with a mass
of 17 KeV in the _-decay energy spectrum for SH, This stimulated a number of ex-
perinaents that disputed Sirapson's claims [2]. Simpson criticized these experiments
and, from his own analysis of the reported data, claimed to find evidence that at
least some of these experiments were consistent with tile emission of a 17 KeV neu-

trino [3]. In subsequent measurements [4], Simpson confirra,_d his result for aH and
reported a corresponding observation of this effect in abS, reporting a neutrino mass
of 16.9 =t=0.1 KeV and a probabilty for mix_ing with the electron neutrino in the range
0.6 _ 1.6°_. Recently, measurements of the/3-decay spectrum of sGS by a group at
Oxford [5] and of 14C by a group at Berkeley [6] report evidence supporting Simp-
son's contention. This result, if true, can not fit readily into the Standard Model and
would, thus, have a profound influence on our understanding of nature.

Ueno, in collaboration with physicists from KEK, Rutgers, South Carolina, and

the University of Tokyo's Institute for Nuclear Studies (INS), used the INS air-core
magnetic double-focussing B-spectrometer to search for evidence for the emission of
a 17 KeV neutrino in the/3-decay of e_Ni. The KEK and INS collaborators on this
experiment have considerable experience with the use of this spectrometer, having
recently used it to produce one of the world's best limits on the mass of the electron
neutrino baaed on measureraents of the/3-spectrum of 3H [7].

To date, all of the experiments that have yielded postive observations of the
17 KeV neutrino have used solld-state detectors to measure the 13-spectra-the null

results have come from magnetic spectrometer measurements. Simpson's criticism
of the latter have centered bn the difficulties with the determination of the detec-

tor's response function in these experiments. This experiment minimized this diffi-

culty by concentrating on the region of the spectrum that is 17 =t=3 KeV below the
saNi endpoint, Eo, (forSSNi), Eo = 65.87 KeV) and looked with excellent statistics

(.-_ 2.5 x 10_ events_ an improveraent by two orders of magnitude over previous exper-
iments) and resolution (_p/p = 0.1%) for a sudden change in the number of counts
in the ft-spectrum that is expected at _he 17 KeV neutrino endpoint.

Figure la shows the deviations of the measured spectrua_ from to a best-fit beta-
decay spectrum [(data/fit)-l] with a varying mixing with a 17 kev neutrino. The fit
gives a mixing of 0.02%, which in consistent with zero. Figure lb shows the deviations
from a spectzum where the mixing with a 17 keV neutrino is fixed at 1%, tl,e mixing

.... 1_ . , .1 by c_, _. , ._. T__. .,1 ........ 1_ ,"_ . ._. 1.... 1 .... 1, (.} /0 (JUILJILIt_IItJ_-.&_V_Is_r=ag_-_ dot a g
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upper limit on the mixing strength to a 17 keV neutrino of 0,1% is established, This
experiment is completed and a publication describing the results has been submitted

to Physics Letters (pub. 1),
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Figure Caption

1. a) The deviations of the ifieasured spectrum from to a best-fit beta-decay spectrum
[(data/fit)-l] with a varying mixing with a 17 keV neutrino. The fit gives a mixing of
0.02%, which is consistent with z(ro, b) The deviations from a spectrum where the
mixing with a 17 kev neutrino is fixed at 1%.
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3. Experiments at the KEK B-Factory
Kanda, Olsen, and Ueno are participating in KEK's } _anning for an asymmetric

two-ring electron-positron collider specialized for the study of B physics [1]. It will
consist of a 3.5 GeV e+ ring and a 8.0 GeV e- ring, either situated in the TRISTAN
tunnel, or, perhaps in a new tunnel, with a single collision point occupied by a
large magnetic detector. A sketch of the planned system is given in Fig. 1. In its
first stage, the collder will operate in a head-on collision mode with a luminosity
of 2 × 10S3cm-2s -1. The second stage, where the intersection region is modified to
accommodate a finite-angle crossing mode, has an anticipated ultimate luminosity of
10a4cm-2s -1. The goal of lhe facility is to search for the Cr violations in the decays
of B mesons that are predicted by the Kobayashi-Masukawa six-quark mixing scheme

[2].

e" _ "e'-" _ _ Collision Point
Electron _ /

Gun \ !- ,'I --_!C- .... _

// ._ . Ring ...,-_-_ Positron Injector NN

l_ Electron Ring 3.5 GeV Positron Ring/ / ,,
Figure 1" The current plan for the KEK B-Factory collider.

The B-Factory Collider
The injection system will use the existing KEK Linac, upgraded to a maximum

energy of 2.5 GeV. New rapid-cycling booster rings will be installed in the tunnel
of the TRISTAN accumulator ring. Wigglers will be installed in unused TRISTAN
straight-sections to reduce the beam damping times. The currel:t plan is to use
two-cell normal RF cavities with damping slots for removing higher order modes. A
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bunch-by-bunch feedback system for damping transverse coupled-bunch instabilities
is being developed.

Table 1. Main Parameters for Various B-Factory Designs

KEK-! (KEK}2) SLAC Cornell
LER HER LER HER LER HER

Energy E(GeV) 3.5 8.0 3.1 9.0 3.5 8.0
Luminosity Lcm-2s -_ 2(10) × l0 ss 3 × 10s3 3 × 1033

Collision mode Head-on (Crab) Head-on Crab
Circumference C(m) 3018 2199 765

Beta Function /_*//3;(cm) 100/1 100/1 37.5/1.5 75/3 100/1.5 100/1.5
Tune shift _/_ 0.05/0.05 0.03/0.03 0.03/0.03
Emittance e_/%(nm) 19/0.19 19/0.19 96.5/3.9 48.2//1.9 130/2 130/2
Energy spread trE/E(IO -4) 7.7 7.2 9.5 6.1 6.5 8.4
Damping time rE(msec) 37 19 18.4 18.4 11.7 3.9
Total Current I(A) 0.52(2.6) 0.22(1,1) 2.14 1.48 1.98 0.87
Bunch Length cr_(cm) 0.5 0.5 1.0 1.0 1.0 1.0
No. of Bunches NB 1024'5120) 1658 230
Bunch spacing SB(m) 3.0:0.6) 1.26 3.0
AE/turn U0(MeV) 0.95 4.2 1.24 3.58 0.76 5.23
RF frequency fRf(MHz) 508 476 500
RF voltage V_(MV) 22 48 9.5 18.5 11.9 35
Cavity type 2-cell normal 1-cell normal 1-cell super
Shunt imped. R0 (Mg//ce11) 2.75 3.5 44500
Unloaded Q Q0 2.75 x 104 3 × 104 1 × 109

Voltage/cell (MV) 0.4 0.94 3.0
Wall loss/cell (kW) 30 130 0.1
No. of Cavities N_. 28 60 10 20 4 12

The main parameters of the collider are given in Table 1, along with the corre-
sponding values for similar machines proposed by SLAC and Cornell. In stage-l,
particles occupy every fifth RF bucket, leaving a 3 meter bunch-to-bunch spacing
which allows enough space for the installation of magnetic elements that separate
the e+ and e- beams before peripheral crossings occur. In stage-2, where every RF
bucket is filled and the bunch-to-bunch =7-cing is nnly 0.6 meters, a finite cross-

ing angle (with crab cavities for beam bunch rotation) is needed to avoid peripheral
crossings.

The B-Factory Detector
A B-Physics Task Force has been formed to develc? a design for a detector that, is

adequate to address the physics questions of interest. Members of the task force are
listed in an Appendix to this report. In developing a detector design, CP violating
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decay modes that are sensitive to the three CP violating angles in the KM formalism

were considered. The modes are listed in Table 2. The implications for the detector

design canbesummarized as follows:J3]

1. Vertex detection. Ali adequate proper-time resolution in the rest frame of

the decaying B-mesons for measuring CP-violating asymmetries translates into
a vertex resolution requirement of ,,_ 80pm. This can be acheived with silicon

#-strip detectors.

2. Momentum resolution. Good momentum resolution is needed to identify
specific B meson decay modes and separate them from background. For exam-

ple, reducing the contamination of the B --_ 7r_"event sample from misidenti-

fled B ---* KTr decays by a factor of 10 using kinematical considerations alone,

requires a momentum resolution of 6pip __ 0.3%. This can be acheived in a

tracking system of radius r = 80 cm in a magnetic field of B = ',.0 T with drift

chambers using a helium-dominated gas in conjunction with the silicon strip
vertex detector.

3. Particle identification. Clean K/Tr separation is needed to isolate various B

meson decay modes and also to flavor-tag B-mesons using identified K ± tracks.

Particle identification using time-of-flight and dE/dx in the tracking chambers is

adequate if state-of-the-art performance levels of _rroF = 50ps and trdE/d_ = 3%
can be reached. Since this appears to be unlikely for a large solid-angle detector,

a ring-imaging or aerogel cerenkov counter system will probably be necessary.

4. Photon detection. A primary goal for photon detection is the efficient recon-

struction of 7r°'s and using them in the reconstruction of B mesons. Crystal

calorimeters (such as CsI), with resolution of _rE/E _ 3% at E --- 1 GeV have

a _r° reconstruction efficiency that is approximately twice that of a sampling

calorimeter with a resolution of aE/E _-- 14% at E = 1 GeV. The resolution

of the crysteA system contributes :,bout 25 MeV to the reconstructed width of

B mesons that have one 7r° in the final state. The corresponding number for a

sampling calorimeter is over 100 MeV. Thus, a high-quality crystal calorimeter
is desireable.

5. Lepton identificatioia. The clean identification of electrons and muons will be

essential both for _-flavor tagging and for detecting decays into CP-eigenstates

that contain J/$'s. Electrons will be identified by dE/dx, E/p, and by the

cerenkov counter system. Muons will be identified by their penetration through

the iron return yoke of the magnet. We are currently studying the possibility of

instrumenting the early part of the iron return yoke to serve as a KL catcher,

in order to identify the decay B ----_ J/qtKL. This CP eigenstate decay mode,

which is expected to have a CP-violating asymmetry that is opposite to that of

the commonly discussed B _ J/_Ks decay, could provide a valuable confir..
marion of an observation of a CP violation.
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6. Data acquisition and trigger. The high event rate for real physics events
(-,_100 Hz) and the high frequency of beam crossings (100 MHz in stage-1 and
500 MHz in stage-2) requires the use of signal pipelining and multiple parallel
data busses.

The current version of the detector planned for the B-Factory is shown in Fig. 2.
In this plan, the VENUS magnet coil and many components of its iron return yoke
is used. A rough estimate for the total cost of the detector is ,-_$60M.

i i i i i i i i

-4 -3 -2 -I D i 2 3 4 (meters)

Figure 2: The current version of the B-Factory detector.

U.S. Participation in B-Factory :Detector-Related R&D
R_D programs on CsI crystals, silicon strip detectors, drift chambers using helium-

based gases, time-of-flight counters, and analog signal pipelines are well underway.
The U.S. participants in the task force are engaged in an R&_D program to study the
applicabilty of Resistive Plate Chambers for use in the muon detection system.

Resistive plate counters have been shown to be stable, low noise, self-triggering
charged particle detectors capable o_[providing ,-_nansecond time- and --_milhmeter
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spatial-resolution. They may provide a single, inexpensive alternative to the conven-
tional system of scintillators and drift _chambers. The advantages of RPCs include
compactness (a plane can be less than 1 cm thick), fast timing information for trig-
gering, simple signal processing with no need for amplification, a combination of time
and spatial measurements, relative insensitivity to magnetic fields, and low cost. They
are flexible and don't need to be flat to work. This is particularly useful for muon
detection, where they have to be inserted into gaps in the hadron absorbing iron.

A planar RPC consists of two high resistivity plates (,-, 101Iri/square) separated

by a small (,,_ 2 mm) gas-_Ued gap with an electric field of 4-5 kV/mm applied across
the gap. An ionizing particle traversing the RPC initiates a fast discharge of ,-, 10 ns
duration and _ 1ns risetime that is limited by the resistance of the electrode and

the quenching characteristics of the gas mixture. The discharge neutralizes a spot
of --, 0.1 cm 2 on the electrodes; this spot is recharged in a time determined by the
product of the resistivity and the permittivity of the plate (typically 10 ms). (The
recharge time is reduced by electrodes of intermediate resistivity (104 ~ 10¢f_/square)
coated onto the outside surfaces of the resistive plates.) The image charge induced on
pickup electrodes is hundreds of mV into 50_ and does not need further amplification.

Our VPI collaborators have been building and testing small (30 cm x 30 cre) RPCs
made of resistive PVC plastic. A schematic representation of a basic RPC design is
shown in Fig. 3. Position resolutions of ,,,3 mm (rms), time resolutions of ,-,1.5 ns,
and efficiencies of 98.5% (at a singles rate of 0.2Hz/cre 2) are routinely acheived in
the:ac modules. The VPI group is currently in the process of building a large (lx2 m 2)
module based on similar techniques.

/G-lO
/_/Copper pickup etrips

• , pvc
:Signal___ ...... /'_///Graphite
------ __-'2"__1 -.: -_ . _L _.7///]/Resistive PVC

'_"* HV ' "_--_ -- "2_ -- ......... - ' -

Figure 3: A schematic of view of a Resistive Plate Counter cross-section.

Based on our tests to d_te, it appears that RPCs may make excellent muon and Kg
detectors for the KEK B-Factory detector. Their timing performance is comparable
to plastic scintillators while costing considerably less per unit area and requiting no
photomultiplier tube or signal amplification. RPC signals can be sent directly to
a discrinfinator and TDC or directly into an ADC or both. The area covered by

a particu.lar pickup pad or strip can be configured to match whatever geometry is
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desired. The Rochester group is collaborating with the VPI and Rutgers groups on
a research and development program that is addressing the following questions:
• What are the dimculties in constructing and operating large counters covering
several square meters? The VPI group is currently building a lx2 m 2 module and
the Rochester is setting up a facility at KEK to test various ways to apply uniform
intermediate coatings to the outside surfaces of the resistive plates.
• Can adequate timing and spatial resolution be obtained with a reasonably small
number of channels/rtr2?
• What are the performance characteristics, such as efficiency, under conditions ex-
pected at the B-Factory? The Rochester group will prepare a test version of a KL
tagger for tests in at the KEK proton synchrotron.
• What is the actual cost of a muon and K_ detection system of this type?

Questions about RPC operation include:
• Is the chamber performance affected by a magnetic field?
• What is the lifetime of an RPC and what limits this lifetime?

• What is the exact mechanism for initiating and limiting the discharge, and how is
this affected by th: properties of the electrodes and chamber gas?
• Can signal size be correlated with hadronic or electromagnet shower energy?

The KEK B-Factory Schedule
The overall schedule is indicated in Fig. 4. In 1991, the project was approved by

the KEK laboratory and funds for the R&D necessary to complete a full proposal
have been provided by the Japanese Ministry of Education in KEK's FY'92 budget.
The full proposal will be submitted in 1992 with the hope of receiving full approval for
the project for 1993 Japanese fiscal year (which starts April, 1993). In the meantime,
the required Linac upgrade and R&D on crucial machine and detector items will
continue. The goal is a start the construction of the collider and detector in 1993,
with the experimental program starting in early 1997.
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Figure 4: The proposed schedule for the KEK B-Factory and detector.
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Possibilities for U.S. Participation
The U.S. members of the B-Physics Task Force are enthusiastic about the timeh-

ness and scientific potential of the KEK plan, are actively engaged in detector-related
R_D, and look forward to participating in the experimental program in a meaningful
way. We have had a series of discussions with our Task-Force colleagues and the KEK
management about the possibilty of a U.S.-led team providing the muon detection
system for the B-Factory detector. Since the muon system is somewhat decoupled
from the rest of the detector, it seems to be the most reasonable choice for a non-
Japanese group. Moreover, muon detection will play major roles in the search for
CP violation: for identifying J/9's from the CP-eigenstate decay modes; for b-flavor

tagging; and, possibly, for KL detection. In addition, we intend to play a significant
role in the on-line data acquisition and triggering systems.
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Task G: The Collider Detector at Fermilab

Task GI: The End Plug Calorimeter
(Participants: Drs. A. Bodek, H. Budd, P. de Barbaro, S. L. Olsen, W. Sakumoto,

R. Walker, B. Winer; Messrs. M. Dickson, Q. Fan, P. Koehn, M. Pill_)

Task G2: The CDF Silicon Vertex Detector

(Participants: Drs. P. Tipton, R. Hughes, A. Sill, Mr. P. Koehn, Ms. K. Tollefson,
Mr. G, Watts)

The Collider Detector experiment at Fermilab (CDF), is a general purpose mag-
netic detector system designed to explore the physics of 2 TeV proton-antiprotdn
collisions. CDF consists of a central magnetic tracking detector that covers the polar
angular range 15° to 165° , electromagnetic and hadron calorimetry from 2° to 178° ,
and muon identification and momentum analysis over the angular range from 2° to
15° , 56° to 124 °, and 165° to 178° . The 1992 Tevatron Collider Run is expected to
provide at least a five-fold increase in total integrated luminosity over previous data.
The peak luminosity is expected to be 10alcm-Zs -1, which represents a ten-fold in-

crease over the original design luminosity of the detector. The CDF group plans to
improve its livetime fraction from the last run and, for many physics processes, the
trigger efficiency will be improved. Thus, we can expect order-of-magnitude increases
in the data sample for most interesting channels. The detector will have improve-
ments which include a silicon microstrip detector, expanded muon coverage, and new
preradiator.

Rochester joined the Collider Detector experiment at Fermilab in January 1990.
In preparation for the upcoming !992 collider run, our group is working on the con-
struction of the silicon microstrip vertex detector (SVX), the recommissioning of the
plug electromagnetic calorimeter (PEM), and the setting up and operation of the
Fermilab M6 beam line for pre-run tests and calibration. In addition, we are heavily
involved in the development and testing of prototypes for the CDF plug calorimetry
upgrades planned for the 1995 Run.

The CDF Physics program
Among the many physics topics CDF expects to address in the 1992 run are the

following:

1. Discovery of the t-quark or the setting of limits on the t-quark mass. The t-
quark mass sensitivity will extend up to 120 GeV for dilepton events and 150
GeV for single lepton plus jets events (see the discussion on heavy-flavor physics
given below). Professor Tipton is concentrating on this search by using b-quark
tagging in the SVX.

2. Measurement of the W asymmetry. Professor Bodek is concentrating on this
topic using Ws in the PEM.
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3. Measurement of the W ± mass and the W ± - Z° mass difference with an un-

certainty of order -t-115 MeV with a resulting determination of sin_ Ow with a
precision of -t-0.005.

4. Studies of b-quark production and decay (see below).

5. Measurement of R = trB(W _ _ l±t//crB(Z ° _ 1+1-) and and a measurement
of the W width to about 10%.

6. Measure sins/gw to .005 using the asymmetry in Z ° --, l+l-.

7. Studies of inclusive jet production. This will enable us to study QCD over a
very large XF range (0.01 < zF < 0.5), and be sensitive to contact terms with
mass scales of order 1.5 TeV.

8. Studies of direct photon production. With the addition of a preconverter, CDF
will be able to measure photon cross sections out to transverse momentum
values of 300 GeV, This will allow a study of the quark-gluon vertex using a

photon tag.

9. Studies of high PT W + and Z° production.

10. Searches for supersymmetric particles with masses up to 200 GeV

11. Searches for leptoquarks. Our mass sensitivity will be about 100 GeV for lepto-
quarks decaying into quark+v. For quark + l± decays, the sensitivity will be up
to 170 GeV for first generation leptoquarks and 120 GeV for second and third
generation leptoquarks

GI: The End Plug Calorimeter
1. Plug Electromagnetic Counter, PEM

One of the main improvements to CDF for the present collider run is the availabil-
ity of the complete use of the end-plug electromagnetic calorimeters (PEMs) in both
trigger and offiine analysis. In the previous collider run, both PEMs had high voltage
problems that prevented a large section from being used in tl_.e trigger, creating gaps
that made analysis of data difficult. In addition, the PEM ,_alibration was not well
understood. These two problems restricted the usefulness of the PEM data in the
previous CDF collider runs.

During 1991-1992, Budd and Dickson, in collaboration with the KEK and Tsukuba
groups, did an extensive program of repairs, upgrades, and testbeam calibrations to
prepare the PEM for the upcoming collider runs. This work was very successful: the
high voltage problems were fixed, the front-end electronics were replaced and both
PEM units were tested and calibrated in a testbeam. Each of the 2304 PEM towers

were calibrated with 100 GeV electrons; a calibration map of the individual towers
of the east PEM is shown in Fig. G-1. The tower to tower variation is 5% (rms),
and the measured PEM energy resolution for 100 GeV electrons is 2.8%. During the
calibration we carefully checked that all the hardware worked to ensure calibration
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Figure 1" East PEM tower constants measured during the 1991 CDF testbeam run

of the PEM was well understood. All of the goals of the refurbishing and calibration
program were accomplished. _¢Veexpect that during the upcoming collider runs both
P EM units will perform according to their original specifications.

2. CDF Plug Calorimeter Upgrade
In order to cope with the increase in luminosity and the shorter bunch spacing

for proposed Tevatron upgrades, it is necessary for the CDF collaboration to replace

the gas calorimeters in the forward region (0 < 30°). The current plug and forward
calorimeter at CDF will be replaced with a scintillating tile calorimeter with wave
length shifting (WLS) fibers used for light collection. An illustration of the tile-fiber
combination is shown in Fig. G-2. Each tile is grooved to hold the green wavelength
shifting (WLS) fiber.

The research and development for the plug upgrade has been ongoing for the
last several years, with the Rochester group playing a major role. The project has
developed to the stage that the technical design report for the final device is being
prepared. However, final R&D will continue into the summer and fall of 1992 as the
design becomes fixed.
2.1 Beam 'rests of the 1991 Prototype Calorimeter

During 1991, a large, engineering prototype calorimeter that utilized the tile/fiber
technology was constructed and then beam tested at Fermilab. The Rochester group
,'Jas responsible for the successful implementation of the test beam run. The pro-
totype consists of fiat, parallel plate geometry electromagnetic (EM) and hadronic
sections whose the tiles and readout are organized into projective towers. The EM
compartment covers 27° in ¢ and 22 ° to 37° in 0. The (r/, ¢) segmentation is approxi-
mately (.07, .07). There are 23 longitudinal layers of 4.8 mm Pb and 4.0 mm of PVT
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Figure 2: A scintillating tile with WLS fiber readout.

(BC408) scintillator. This is a total of 20 radiation lengths (_0.8 interaction lengths).
The hadronic compartment of the calorimeter covers 45° in ¢ and 14° to 32° in 8.
In the region of overlap between the EM and hadronic sections, the hadronic towers
have twice as coarse a segmentation relative to the EM section. The hadronic stack
has 23 longitudinal layers of 50 mm Fe and 6.0 mm polystyrene (SCSN81) scintillator.
This is approximately seven interaction lengths.

The tile/fiber technology used for this prototype is 1 mm diameter fibers with a
U,.shaped WLS fiber readout pattern within the tile. The larger hadron tiles have
two U-shaped WLS fibers. The R&D program of the previous year has resulted in
much improved photoelectron yields and better tile-to-tile transverse and longitudinal
uniformity.

Test beam results indicate that the performance of the engineering prototype was
better than expected. Figure G-3 shows that it is a working calorimeter. Muons_
which are minimum ionizing, are in the peak near the origin. Showering particles lie
along the line, E_,_ 4- E_,. "" IOOGeV. Electrons lie in the peak along the E,m axis,
pions that interact within the EM section lie between the axes_ and pions that do not
interact within the EM section lie in the peak along the E_,_a, axis. Although it is
not evident in Fig. G-3, the thresholds of the muon energy loss spectra in both the
EM and hadronic sections are cleanly separated from zero.

Electron beam tunes with energies between 10 and 150 GeV were used to measure
the response of various regions of the EM portion of the caJorimeter. The energy
response is linear to about 50 GeV_ then droops down a few percent between 50
and 150 GeV. According to EGS shower simulations, this behavior is due to energy
leakage out of the rear of the EM stack. When t.ke beam is directed into the center of
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the towers, the energy resolution is (o'/E) 2 = (.16/v/E) 2 + (.01) _, where E is in GeV.
The only aspect of the performance of the EM section which needs some improvement
is the transverse uniformity: the response map of a tower has "ripples" with an rms
of approximately 1.5%. As this affects the energy resolution, this is an issue that is
being addressed in current R&D cycle.

Embedded at a depth of five radiation lengths within the EM calorimeter is a two-
view (U,V), EM-shower transverse position detector with 1 mm spacing scintillating
fibers read Out with multi-anode phototubes. The U and V planes cross at an angle
of 15° and are basically oriented along the 0-axis. For 100 GeV electron showers, the

position detector has a resolution of 0.1° (3 mm)in 0 and 0.04° (0.7 mm)in ¢.
Pion bean1 tunes with energies between 10 and 227 GeV were used to mcasure the

response of several towers of the hadronic section of the calorimeter. The response
of just the hadronic compartment itself is measured by requiring the pions to be
minimum ionizing within the EM section. The energy respon_,e in one region of the
hadr,_nic calorimeter is shown in Fig. G-4. Detector response simulations of the
had_,'onic section using the GEANT detector simulation Monte Carlo also exhibit the
non-linearity at shower energies under 50 GeV. When the beam is directed into the
center of the towers, the energy resolution is (o'/E) 2 = (.80/_/-E) 2 + (.04) 2.

A small, non-projective, 3-by-3 tower electromagnetic test calorimeter was also
beam tested as part of an R&D effort for a more advanced tile/fiber technology.
lt uses 0.75 mm diameter fibers with a WLS fiber readout pattern shaped like the
Greek letter, _r. The advantage of this design is that there is only a r,ingle readout
fiber per tile, the fiber volume is much smaller, and the transverse uniformity of the ct-
pattern tile is better relative to the U-pattern used in the engineering prototype. Thi;
calorimeter consists of 24 longitudinal layers of 6.4 mm Pb and 4.0 mm polystyrene

(SCSN38) scintillator and has a transverse size of 30 × 30 cm2. The test beam results
are very encouraging. The energy resolution is consistent with expectations and
is (ct/E)2 = (.19/x/_) 2 + (.006) 2. This technology appears to be nece:sary for the
success of CDF's "1994" plug calorimeter upgrade program and as such, it is an
important element in this year's R&D program.
2.2 Current work, Design and Production Plan of Hadron Calorimeter

Rochester has assumed the responsibihty for the plug upgrade hadron calorime-
ter. The group will be responsible for the final design of the hadron calorimeter
and will also oversee the R&D used for the final design. Production of the hadron
calorimeter will be performed at University of Rochester and Fermi National Accel-
erator Laboratory. The Rochester group will oversee the production and monitor the
quality assurance procedures performed during production at both locations. Finally,
Rochester will supervise the installation, commissioning, and operation of the plug
hadron calorimeter.
Criteria

The design of the final plug hadron calorimeter has begun and will be finalized
as the R&D is completed. There are several constraints on the design. First, the ab-
sorber will be the existing plug calorimeter steel modified with donut-shaped stainless
steel inserts that extend the coverage down to 3 degrees. The active detector compo-
nents must fit into this modified steel structure. Second, the fibers that channel the
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"E" is the shower energy reconstructed in the calorimeter (units of ADC counts) and "P"

is the momentum of the pion beam as measured by an upstream magnetic spectrometer,
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light from the calorimeter tiles to the phototubes must be routed along the outside of

the steel, in the same area as the readout cables for the PEM and PHA (Plug Hadron

Calorimeter). The space limitation restricts the fiber volume that can emerge from the

detector, which, in turn, limits the number and size of the readout fibers. In addition

to mechanical constraints, the calorimeter also must satisfy a number of performance

criteria: The calorimeter resolution should be approximately 80 - 90%/_ + 5%. In

order to achieve this resolution, the light yield for a minimum ionizing particle (mip)

must be more than one photoelectron (pe) per tile. In order to reach the goal of a

5% constant term in the energy resolution, the tile-to-tile light output variation must

be less than 10% and the transverse response of each tile must be uniform at the

4% level. The calorimeter must have the ability to observe and help identify muons,

which also requires a light yield of at least 1 pe/tile/mip. Finally, the segmentation

must be suitable for efficient and productive physics analyses on such topics as b- and

t-quark physics, and studies of W, Z, 7, and jet production.

Device Design
Tile hadron calorimeter will have 23 sampling layers of scintillator with two inches

of steel absorber between each layer. There are 264 towers per endcap which implies

that over 10,000 optically separated tiles must be constructed for the hadron calorime-
ter. In order to limit the number of individual elements, the tiles from one depth layer

of a 30 degree ¢ section of the calorimeter will be grouped into a single mechanical

unit called a megatile. The megatile along with its readout fibers will be packaged

in aluminum pans which are installed into the hadron steel. The mounting of these

megatiles in the plug steel will be similar to the mounting of the existing plug hadron

gas chambers. The total numbel- of megatiles for both endplugs will be 552. A

detailed construction plan for the calorimeter is appended to this report.

A cross section of a pan u_it is shown in Figure G-5.

R&D Program

To assure the upgrade hadron calorimeter meets design criteria, we have an R&D

program to study the details of tiles and fibers. The two most important qualities

are the 4% transverse response uniformity and 1 pe/mip light yield of the tiles. The

R&D program will decide which kind of scintillator, the thickness of the scintillator,

the kind of fiber, and the thickness of the fiber.

Rochester, with the cooperation of Argonne National Laboratory, has built several

automatic scanning devices which are used to measure the transverse uniformity and

light yield of scintillating tiles. The fiber pattern can be adjusted to give the best

uniformity and light yield. Some preliminary results show we can achieve a uniformity

of 7% and a light yield of 1.5,-_2 pe/mip. We expect to improve the uniformity

with further studies. The R&D program will also focus on the techniques used for

production. This will assure a construction of the final device which is as trouble free

as possible.

Other areas of Rochester's R&D program include the development of prototype

optical connectors that will used on the megatiles, eliminating the need to have long

strings of delicate fibers attached to them. Rochester is studying the process of fusing

the green WLS fiber to clear fiber. The radiation resistance of the scintillator and

WLS fiber is being tested at a radiation facility at the University of Michigan. R&D
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Figure G-5: Cross Section of a Hadron Calorimeter Pan

will continue through the summer and fall of 1992 and production will begin in the
winter.

Quality Assurance Tests

A number of quality assurance tests must be performed during production to
insure the final device meets the design criteria. These tests include testing of the
fiber splicing, testing of all the tiles in the megatile pan before installation, and testing
of the tiles after installation. The fibers will be tested in a light-tight box with a piece
of scintillator. The fiber sits in the scintillator and is connected to a PMT via an oil

coupler. Tlm oil coupler has been developed at Rochester and gives a coupling of the
fiber to the PMT which is reproducible to the 1% level. A radioactive source will be
placed on the scintillator and the light yield measured with the PMT. We intend to

can monitor the quality of the fibers and splice to better than 5% with this setup.
We have build a box that tests a single fiber; in the near future we will make 2 boxes,
each of which can test 10 fibers. These will be used to test the 12000 spliced fibers
needed for the hadron calorimeter. Tests of the megatiles will be done in a similar
manner. The pans will be placed in a large light tight box with the fibers connected
via an oil coupler to a phototube. A radioactive source is placed on each tile and its
light yield measured. We will require the tile-to-tile light output variation to be less
than the required 10%. Provisions will be made for in-situ tests using radioactive
sources that can be moved across each tile.
2.3 Conclusion

The production of the CDF plug hadron calorimeter will t_ke about three years
to complete. We wi_ spend the next six months doing prototype tests of the different
components. In about six months, we will start producing megatiles. The collider
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run will end in two years at which time the CDF detector will roll out of the collision
hall, It will take it will take approximately nine months to modify the hadron steel
and install and debug the calorimeter elements, and prepare the system to take data
in the next run.

Task G2: The CDF Silicon Vertex Detector
i,

The Silicon Vertex Detector (SVX)was approvedby the Fermilab Program Ad-
visory Committee in 1985 for construction and installation into CDF. The device
exploits high-resolution silicon microstrip technology for tagging b-flavored particles
by identifying decay vertices that are displaced from the primary _p interaction
point. Such a tagging system will provide the capability for a compelling twofold
physics program addressing tr and b-quark physics.

The device consists of a four layer, 46,000 channel silicon microstrip vertex cham-
ber, with 10 /zm position resolution. Cooling for the approximately 100 watts of
power produced by _he SVX is provided by chilled water flowing through a system of
tubes that follow the contours of the beryllium bulkhead. The chilled water system is
maintained at sub-atmospheric pressure so that small leaks will result in gas entering
the cooling system rather than water spilling onto the SVX and the rest of the CDF
detector.

Since July, 1990, Tipton has been the Fermilab coordinator of the SVX project.
Fermilab is responsible for the construction of the SVX and its associated Fastbus
readout electronics. His responsibilities have been to oversee the construction phase

of the project and to keep the work on schedule and under budget, while ensuring
sufficient quality that the physics goals for the device will be met.

In July of 1991, Tipton joined the faculty of the University of Rochester and
started a new Rochester-CDF effort on the SVX. He continues as the SVX project
coordinator at Fermilab, ,.,,'here he will remain in residence as a Visiting Scientist (on

leave from Rochester) until July 1992. A Rochester group, under his direction, has
taken on the responsibility for several critical elements in the SVX project. We have
specified, designed, and procured a Programmable Logic Controller (PLC) that will
be used to control the SVX power supplies and cooling systems to insure that the SVX
is always maintained in a safe state. Particular concerns include the possibilities of a
cooling-water leak or the inadvertent overheating of the device. The PLC is designed
to shut t ,wn high- and low-yoltage power supplies in the event of the detection of
any malfunction. Rochester is also responsible for the temperature monitoring of the
SVX; since the ultimate goal is to measure particle positions to a precision of 10/zm,
thermo-mechanical motions must be reduced to that scale.
Current Status of the SVX

The SVX is built and commissioned, awaiting first Tevatron beam. In excess of
98 % of the microstrips are functioning well. Using a sample of cosmic rays collected
in January, 1992, we observe spatial resolution close to the design value, even before
a precision alignment of the device using tracks. Figure G-6 shows the SVX display

for a cosmic ray event. Note that there is only one noise hit (at 9 o'clock) which
passes the offline reconstruction cuts, but ali 8 layers are efficient for the cosmic ray.
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Fig. G-6: The response of the SUX to a cosmic ray.
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The cooling s_,stem, temperature monitoring, and safety interlock system, for which
Rochester had primary responsibility, are installed and have been functioning well for
several months. In short, we are ready to take data.

In addition to the on-going task of making sure the SVX is kept in a safe envi-
ronment, in the near future Rochester has responsibility to check for alignment shifts
in the SVX due to temperature variations. If a large effect is seen, the cooling sys-
tem for the SVX upgrade, called SVX', will have to be modified accordingly. The
Rochester group also participates in expert SVX shifts so that the SVX is not the
cause of significant down time for the CDF experiment.
SVX Upgrades

While the existing SVX detector represents one of the most sophisticated silicon
systems deployed to date, the design was fixed at a time when the projected luminosity
of the Tevatron collider was below tha_ already attained, and far below that expected
for the upcoming run. Thus, the device uses DC-coupled detectors and radiation-
soft electronics, and is not expected to survive for the entire 1992-1993 data-taking
period due to radiation damage. For the above-noted reasons, we are planning a
miLjor upgrade of the SVX to be implemented in the down period scheduled for
thr' midpoint of the upcoming run. This upgrade, which we have labelled SVX',
wi'_l consist of replacing the two inner ladders with upgraded versions containing
AC.coupled detectors and radiation-hardened electronics. (It is expected that the
two outer layers, which are farther from the beamline, will survive until the end

of run.) The switch to AC-coupled detectors is required in order to maintain the
stability of the input amplifiers as the radiatio,'.-damage-induced leakage current of the
silicon detectors increases. The radiation-hardened electronics is needed because the

radiation-soft electronics may either fail completely or sustain a significant increase
in the noise level as the radiation exposure increases.

Rochester is participating in the upgrade of SVX to SVX I. The AC coupled
silicon detectors have been ordered and will be arriving at Fermilab this summer.
Ms. Kirsten Tollefson will participate in the checkout of these detectors with an
infrared solid state laser, used to liberate a small amount of charge just below the
surface of the microstrip. This laser has computer controlled positioning and can be
used to scan across the face of a detector. Tollefson will help finish the assembly of

this system and use it to verify each microstrip and readout channel.
Despite the substantial improvements involved in going from the initial SVX to

the upgraded SVX' detector, the resulting device will not be adequate for subsequent
collider runs (i.e., those occurring aKer 1993). The change in the collider operation
from 6 bunches to 36 bunches, scheduled to be completed in 1994, means that the
readout chip must be redesigned, necessitating another rebuild of the detector, which
we have called SVXII.

395 ns between bunch crossings will require the use of an input amplifier/shaper
with shorter peaking times and an analog pipeline to accommodate the data during
the formation of the level-0 trigger. In addition, it will be desirable that the chip
be capable of providing digitized information within 5 microseconds of the beam
crossing, for use as input to a proposed level-2 secondary vertex trigger. As with the
inner layers on SVX', a fully radiation-hardened input chip will be used.
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The Rochester group is taking a leading role in the SVXII design and simulation
group, which is considering various possibilities for SVXII. The very broad eta distri-
bution of b-quarks at the Tevatron means that a detector with coverage to large eta
is preferred. Three detector configurations are being explored. The first is a detector
with similar geometry to the current SVX, but roughly a factor of two longer. The
second design is similar but has double-sided microstrip detectors with strips perpen-
dicular and parallel to the beam axis for vertexing in both views. Lastly, the addition
of forward silicon disks, like those proposed for SDC, is being considered.

Dr. Alan Sill is studying the physics potential of adding forward disk-shaped
detectors to expand the coverage. Specifically he is studying the ¢ ---+## and B mass

resolution p0_sible with such iLdevice for B decay modes such as B° _ ¢ K_. Being
able to reconstruct forward-g_ing B mesons would greatly increase the possibility of
observing CP violation at CDF in a future run. In addition, Dr. Richard Hughes i_
exploring the possibility of usling optical fibers in the readout of SVXII. This would
greatly reduce the mass due to cables and increase the solid angle coverage of the
device because gaps for cable jpenetrations could be eliminated.

3. CDF Physics Analyses
The Rochester CDF group is actively involved in physics analysis projects which

will use data from our 1992-1993 run. We have focused our efforts on two main topics,
the top search and b-quark physics using the Silicon vertex detector (SVX), and the
lepton asymmetry from W and Z decay.

A team consisting of Hughes, Tipton, Watts, Winer, Koehn, and Tollefson, are
working oh the problem of b-quark tagging with the SVX. We are focused first on
issues specific to _he search for the t-quark, but most of this expertise will naturally
lead into a program of b-quark _'!udies. Two basic b tagging techniques are being
explored. The first is meant to provide evidence for a discovery, and therefore be effi-
cient with low background rate. It simply requires a number of tracks be significantly
disp]aced tracks from the primary vertex. This is clear evidence for the a long-lived
B meson. The second algorithm is meant to be used for t-quark mass determination.
Here we tag a jet as a b-quark jet. This will greatly reduce the combinatorics under
the top mass peak. The algorithm first associates tracks with a specific jet observed
in the calorimeter. Secondly we vertex constrain these tracks to emanate from a com-
mon point. We cut on both the significance of the displacement of this point from
the primary vertex and direction of the displacement (requiring that the distance be
consistent with a positive lifetime). We are currently exploring the reasons for the
mis-tags in Monte Carlo samples of events with no b-quarks. Minimizing the fake-tag
rate is critical since there is a sizable background to t.quark events from W events
produced with associated jet activity. Watts, Hughes and Tipton are exploring these
issues.

Winer and Tipton are performing Monte Carlo tests in order to select the correct
balance of kinematic cuts (i.e., cuts on the number of observed jets in the event)
and b tagging cuts in order to optimize the statistical significance of the top signal
over expected backgrounds. Here we make use of the data from the 1989 CDF run
in order to model the background. In addition we are exploring the use of control
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samples which will allow us to measure the b-tagging efficiency and the mis-tagging
rate directly from the data itself. New students Mr. Phillip Koehn and Ms. Kirsten
Tollefson will begin work in this group this summer. Their thesis topics will either
be top or b physics related depending on the what the t-quark search realizes.

If the top mass is 130 GeV/c _, one would expect 40 top events in a background
sample of 245 events which contain a W and 3 or more jets, in a 20 pb -1 run. This is
roughly the amount of data expected in the calander year 1992. Obviously, from this
sample alone without a b tagging method, no claims of discovery could be made. Our
current work shows a b tagging algorithm using the SVX which is over 25 °A efficient
on top events and has a mis-tagging rate of less than 1 OAis acheivable. Using such
a tag on this sample, one would expect 10 tagged top events if the t-quark mass is
130 GeV/c 2. The same algorithm would pass 2 background events from mis-tagging
errors. This is _ compelling excess, which can be improved with further optimization,
and more luminosity expected in 1993.

Prof. A. Bodek and Mr. Mark Dickson are working on the extraction of struc-
ture function information from the W asymmetry data at CDF. The W asymmetry
originates from the difference in u and d-quark distribution and therefore is directly
related to the work that we have been involved in in measuring the ratio of structure
functions F2n/F_p in electron scattering experiments. The W asymmetry measure-
ment at CDF is at Q_ values of 6400 (Gev/c) _, which tests the QCD evolution of the
u and d-quark distributions to very high Q_.

4. CDF Physics Summary
This year many of the physics results from the successful 1988-1989 CDF run were

published, giving CDF's "final word" on various subjects from that dataset. Since
January, 1991 13 papers have been published and 5 more have been submitted and are

in preprint form. Two of the articles summarize the CDF top search results[14,15].
The analysis looks for the tt pair to decay in two types of decay modes. The first
type is the double semileptonic decay modes, where both /.and bart-quarks decay to
an e or a #. The second type requires only one t-quark decay semileptonically, but
additionally requires a muon from the decay chain t --* b _ #. The later work was
performed by Campagnari and Tipton. The lack c,f a signal gives rise to the worlds
best limit on the mass of the t-quark, Mt > 91 GeV/c _.

Also published this year was the first measure of the b-quark cross section at the
Tevatron. This work, which was the thesis work of Dr. Richard Hughes, used the
signal of fully reconstructed B mesons[17] into the final state B + _ CK + to measure
the rate of b-quark production above PT of 10 GeVc. Additionally, CDF published
an article[7] showing evidence for B°t_ ° mixing and measuring the inclusive mixing

parameter for B,andBd mesons, _, to be 0.176 =k0.031 (stat + syst) =t=0.032 (model).
In the area of electroweak physics, the PT distribution of W bosons was measured

and reported in Reference 7. This was the thesis work of Dr. Brian Winer. A

determination of the lepton asymmetry from W decays[10] has been used to test
parton distribution functions. This analysis, with an improved technique and higher
statistics from next run's data, will be the thesis work of Mr. Mark Dickson.

In jet physics, final CDF results on the inclusive jet cross section[12] were published
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and show good agreement with next-to-leading order QCD predictimts of 7 orders of
,

magnitude. These data were used to limit the term which characterizes possible quark

substructure, Ac, to be greater than 1.4 TeV. Finally, the properties of the highest ET
events CDF recorded have been characterized[13]. The event kinematics, jet activity,
and energy flow are found to be consistent with QCD with no need to appeal to new
physics,

5. Talks and Related Activities

ProfessorA. Bodek isservingasthesecretaryfortheCDF executiveboard,He

hasservedon theCDF GodfatherCommitteefortheplugupgradein1991and on the
CDF GodfatherReviewCommitteefortheCDF microplugproposal,He iscurrently

theheadoftheplughadrongroup.ProfessorBodek and Dr. H. Budd aremembers of
theplugcalorimeterupgradeexecutiveboardand theplugcalorimetermanagement
board.

Dr. B. Winer isthesecretaryoftheplugphysicssubgroup.He has presenteda

talkon leptonasymmetry attheLepton-PhotonConferenceinGeneva inJuly1991

and a talkon theexperimentalsearchforthetopquarktotheAAPT Conferenceat

SUNY Brockportin,_,pril1992.Dr, W, Sakumoto reportedon testbeam resultsof
thetilecalorimeterprototypeatthe1991IEEE ConferenceinWashington_DC and

atthe 1991Annual CDF Meeting,Dr, P.de Barbaroreportedon testbeam results
from CDF and SDC prototypesatthe 5rh Annual Calmimetry MeetingatPisain
1991.

Prof. P. Tipton has been on leave as a Visiting Scientist at Fermilab. He has been
the Fermilab SVX project leader during the installation and commissioning phase
of the project. In June 1991, Tipton gave a summary of the B Physics program at
Fermilab to the Fermilab Physics Advisory Panel. During the week of September 7,
1991, Tipton presented three lectures on collider physics at The International School
of Physics, Leningrad, USSR. Tipton also described the long-term B physics plan in a
presentation to the HEPAP subpanel at their Feb. 27-28, 1992 meeting at Fermilab.
From April 6-12, 1992, Prof. Tipton attended the workshop entitled B Factories: The
State-of-the-Art in Accelerators, Detectors, and Physics, which was held at. Stanford

University. He presented a paper on Collider B Physics at this workshop. Finally,
Tipton has agreed to be a convenor for the parallel session on Searches for New
Particles at the XXVI International Conference on High Energy Physics to be held

at SMU/Dallas in August, 1992.
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6. Computer Request

Six of the members of the Rochester G1 CDF group are in full-time residence at

Fermilab. Because of this, Fernfilab has allocated 6 offices to the Rochester group in

the _lewly purchased prefabricated office space to be located adjacent to the B0 collision

hall. There is a local area VAX cluster supported by Fermilab staff in this work area.

This cluster contains Vaxstation 3100's supplied by CDF member-institutions- Fermilab

expects the user institutions to provide workstations for their researchers in residence. In

order to be productive in data analysis at Fermilab, one needs access to a system with a

powerful CPU, private disk space, and an 8mm cassette drive. Many of the physics analysis

packages that are standards of the CDF group, such as the PAW plotting package, are weP.

suited for the workstation environment and are best implemented there. We propose the

following equipment for use in our allotted space at Fermilab. Th{s equipment will fully

support four simultaneous users. This equipment is essential for the on-site Rochester

CDF group to perform data analysis and Monte Carlo studies for the SVXII and plug

calorimeter upgrades.

Estimated costs for CDF computing equipment*

Quantity Equipment Cost

4 DEC VAXStations 4000, Model 60 with 8MB

4-Plane 1280 x 1024 19" Monochrome Monitor,

SCSI Controller, Thinwire/Thickwire Ethernet $24,000

4 _ TTI Tape Subsystems, Helical Scan, 8MM Cartridge

Tape Drive 13,000
f .

6 WREN VII Subsystems, Desktop, CDC/Seagate 13_000

" TOTAL $50,000

* Assumes a 50% academic discount
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APPENDIX

i

Scintillating Tile Fiber Hadron Calorimeter for the CDF Plug Upgrade:

Conceptual Design Report

Version 3.0

University of Rochester

P. de Barbaro, A. Bodek, H. Budd, S. Olsen, W. Sakumoto, R. Walker, B. Winer

April 29, 1992

1 Introduction

In this document, we describe the initial design plan for the plug hadron calorimeter. Section

2 outlines the design criteria and design of the hadron calorimeter. It includes a plan to
achieve the performance goals which have been set for the device. Section 3 describes the

quality assurance tests which will be used to verify the performance of the device as it is
constructed. Section 4 describes the energy calibration of the device. Section 5 describes the
specific details, such as manpower and space requirements, of the production and installation
of the calorimeter components. Although much R_D has already been perform, we expect a

continuing R&D program which will impact the final design of the device. Section 6 outlines
the R&D effort for the next 5-7 months. Finally, Section 7 describes the organization of

manpower and responsibilities for the construction of the hadron detector.

2 Design Plan

The design presented in this section is based on a number of assumptions. First, the
upgraded hadron calorimeter will use the existing plug calorimeter steel with stainless steel

inserts to extend the absorber down to 3 degrees (see Mechanical Chapter for description of

steel modifications). Second, the the active detector components must fit into the modified
steel structure. Six millimeter thick SCSN38 will be used for the scintillator and 0.75 mm

Kurarai Yll wavelength shifting fiber spliced to 0.75 mm Kurarai clear fiber will be used
for readout.

2.1 Design Criteria

Besides the mechanical criteria that the components fit into the existing steel, there are

also performance criteria for the detector. First, the calorimeter resolution should be ap-

proximately 80 - 90%/v/E E]_5%. This requirement has implication on the light yield since
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photostatistics must be folded into the intrinsic resolution due to sampling. Also, the 5%

constant term requires that variation of the tile-to-tile light yield be better than about 10%
and the transverse uniformity be better than 5%. Second, the calorimeter should be able to

clearly identify isolated muons. Finally, the segmentation should allow the physics topics,
such b-physics, W,Z, and 3' physics, and jet physics, to be done in an efficient and produc-
tive fashion. These criteria must be weighted against cost, radiation hardness properties,
and ease of construction.

The hadron energy resolution is dominated by the sampling fluctuations from the ex-

isting 5.08 cm (2 in.) steel sampling rather than by photostatistics. For such sampling,
the calibration of the calorimeter for hadron shower is about 0.1 GeV/mip/tile, and the
intrinsic resolution is about 80%/x/rE. The contribution from photostatistics will degrade
the resolution to 86%/v/E, 92%/v/E, and 102%/v/-E for the cases of 1, 0.5 and 0.25 photo-

electrons (pe) per mip per tile respectively. Therefore, the resolution criteria would require
that the light yield be approximately 1 photoelectron per minimum ionizing particle per
tile.

Being able to identify muons in the calorimeter also puts strict requirements on light

yield. For 23 depth segments we can define an isolated muon as a particle with energy

deposition which is less than +3 standard deviations and more than -2 standard deviations
of the mean muon response. For the case of 1 pe's per mip per tile (a muon with a mean of

23 pe's), the window corresponds to an upper bound of 37 pe's and a lower bound of 13.5
pe's. For the case of 0.5 pe's per mip per tile, the window corresponds to an upper bound

of 23 pe's and a lower bound of 5.5 pe's. However, for the case of 0.25 pe's per mip per tile,
the window corresponds to an upper bound of 13 pe's and a lower bound of 1 pe which is

not acceptable. Therefore, muon identification would also favor having 1 pe/mip/tile but

0.5 pe/ro.lp/tile may be sufficient. Clearly 0.25 pe/mip/tile is too low of a light yield.
The criteria of less than a 5% constant term in the resolution implies that the rms of

the spatial nonuniformity over the surface of the tile should be less than 4% (assuming

the nonuniformity is the same for all tiles in a projective tower). On the other hand, an
overall tile-to-tile light output variation of 10%, will only contribute 3% to the constant

term because the hadron shower is typically spread out over more than 10 layers. The

method for achieving the spatial uniformity is discussed in Section 2.4 while achieving the
10% tile-to-tile variation is discussed in Section 3.

The initial design of the hadron calorimeter is shown in Figure 1. The figure shows a

30 degree section of the calorimeter. The figure shows the steel absorber plates, the active

scintillator, and the protective packaging of the scintillator.

2.2 The Megatile Concept
J

The hadron calorimeter will have a large number of towers, 264 per endcap, each with
23 layers of sampling. This implies that over 10,000 optically separated tiles must be

constructed. In order to limit the number of individual elements, the tiles from one depth
layer of a 30 degree section of the calorimeter will be grouped into a single mechanical unit
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Figure 1: A 30 degree sector of the Hadron Calorimeter

called a megatile. A megatile would have 20 or 24 tiles 1. The megatile along with the

readout fibers would be packaged in aluminum pans, called pizza pans, which would be

installed into the hadron steel (see Section 5). The total number of pizza pan units for both

endplugs would be 23 x 12 x 2 = 552.
A cross section of the pizza pan unit is shown in Figure 2. The unit begins with 0.8 mm

(1/32") of reflective aluminum on the bottom followed by the 6 mm scintillator megatile.
The tiles are grooved to hol:l the wavelength shifting (WLS) fiber. The top of the megatile

i_ covered with 2 mm (0.079") white polystyrene. This plastic cover is grooved to provide

routing for the fibers to the outside of the pan. The fibers rise out of the scintillator into

the grooves on the top of the white plastic. The clear fibers run to an optical connector
at the edge of the pan. Finally, a second aluminum cover is placed on top of the white

plastic, the entire unit is bolted together, and the sides of the pan are made light tight.
Source calibration tubes, 1.8 mm O.D., are secured to the bottom A1 cover. There are four

calibration tubes per megatile.

2.2.1 Scintillator Milling and Glueing

The megatile will be constructed from plates of 6 mm (236 mius) SCSN38 scintillator which
are precut by the manufacturer into 15 degree sections with the proper dimensions for each

layer. We will request that the scinti]_lator be 2 mm (i 0.5 mm) smaller on the edge so that

*The outer most towers in the plug do not extend to the full depth
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Figure 2: Hadron Pan Cross Section

that scintillator wiU fit properly, Holes used to bolt the pizza pan together will be drilled

in the scintillator. The milling of the megatile tuLits involves several steps of cutting the

scintillator plates with an X-Y milling machine. First, the scintillator, resting on a piece of
A1 with holes, is positioned onto the milling table. A 35 mill bit will cut the fiber groove

pattern first (see Section 2.4 for discussion of the fiber pattern). Next, the same bit will
cut the tile separation grooves 230 mills into the scintillator leaving the last 6 mills of the

scintillator uncut. The scinti].lator and A1 plate are removed from the milling table and

the separation grooves are filled with white epoxy and allowed to dry. The epoxy provides

optical separation of the tiles, mechanical support for the megatile, and a reflective surface

at the edge of a tile. We believe the 6 mills of scintillator will only give approximately 2-3_
cross talk within the 15 degree section. Two 15 degree pieces of the grooved scintillator are

glued together to form a 30 degree megatile. Finally, the edges of the megatile are painted

white to provide a reflective edge on the outside of the megatile. This process leaves a large

megatile that contains individual tiles which are optically isolated but are mechanically one
unit.

The segmentation of the towers in the hadron calorimeter is under study by the Physics

Group. This group will determine what segmentation is acceptable to give the necessary

performance for the physics topics which will be studied with the plug calorimeter. The

current default segmentation is given in Table 1 and shown in Figure 3. The numbers given

in this design proposal assume this default segmentation.
Several layers in the hadron calorimeter require special treatment. First, the start of the
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Table 1: Segmentation for the Towers in the Plug ttadron Calorimeter. Note: _ 0 does not

extend to the full depth.

_7 Limits No. of Phi Segments
0 1.200 - 1.317 96

.........

1 1,317-1.466 96

--2 1.466-1.638 96

-3 1,638-1,843 96
..........

4 1.843 - 2.097 48
......

5 2.097- 2.436 48
.......

6 2,43 -2.949 48
7 2.949 - 3,643 48

.......

30 degree cone section has an absorber plate which is 6.35 cm (2.5 inches) thick. In order
to account for the reduce sampling fraction in this region, the layer of scintillator directly

belfind this plate must provide 25% more light. This will be accomplished either by going

to thicker scintillator (e.g. 8 mm) and/or changing the type of scintillator from SCSN38 to
PVT. The last layer of the hadron may also get special treatment to help compensate for

leakage effects. Studies are being preformed to determine ff increasing the light yield of the

last layer by a factor of two or three will help reduce the effect of particles carrying energy
out of the back of the calorimeter. Again, this increase in light yield will be accomplished

with thicker scintillator and/or changing to PVT.

2.2.2 Fiber Routing and Optical Connector

The light from each tile must be carried to the phototube using clear fibers. Within the pizza
pan, the fibers lay irl grooves in the 2 mm white plastic sheet which provides protection for

the fibers. The grooving of the white plastic sheet is performed with an X-Y milling table

and the tile groove pattern is shown in Figure 3. The fibers travel from the different tiles to

two optical connectors at the top of the pan. Optical connectors will make the installation
of the hadron calorimeter easier at B0. Without optical connectors on the megatile, each

megatile would have 24 two meter long fibers emerging from the pan. Not only would these

fibers be cumbersome during installation, if a fiber was damaged it could not be replaced

once the pan was installed in the steel. With an optical connector, a cable made of optical
fibers can be used to route the light from the pans to the phototubes at the back of the

calorimeter. A cable is more resistant to damage than individual fibers.

The fibers and optical connectors for the pizza pans are constructed as one unit before

installation of the fibers into the tiles. First, WLS fiber is cut to the required length and
clear fiber is cut slightly over sized. One end of the WLS fiber is mirrored and the other
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Figure 3: Tower Segmentation and Fiber Routing

end issplicedto the clearfiber.The combinationWLS and slicedclearfiberistestedto

assurea qualityfiberassembly(seeSection3 fordetMlsabout fibertesting).Once allthe
fibersfora megatilehave been splicedand tested,theycan broughttogetherto make the

opticalconnector.

The opticalconnectorwillbe made from a molded pieceofdelrin.R&D testsarebeing
performedtodeterminethelightlossand variationin Lightlossfrom thisco_lector.The

fiberscoming intotheconnectorfrom thetilesare0,75mm clearfibers.The connectoron

thepan plugsontoa connectoron theend oftheopticalcablewhich ismade with0.83mm

fiber.The 0.83mm fibertakesthe lightto the outsideofthe plugand ontoa box which

containsthe phototubes(seeSection2.3).Sincethe lightgoesfrom a smallerfiberto a
largerfiberthealignmentofthefibersintheconnectorislessofa problem.A settingscrew

alignsthe two connectors.The fiberfora giventowerwillbe at thesame positionin the

connectorforalllayers.Thismakes thefiberroutingfrom layerto towerlesserrorprone.
The connectorwithfibersforthepans willbe made as follows:The fiberswillbe layed

out on a templetwhichhasthelengthsforeachofthefibersmarked on it.The fiberlengths

willbe marked on the templet.inthe orderwhich theygo in the connector.T1aistemplet

can be drawn by usinginformationfrom theprogram which generatesthe groovesin the

whiteplastic.Each layerwiLlhave itsown templet.This willassurethatthefinallength
oftheclearfiberiscorrect.The fibers'willbe insertedintotheconnector.Epoxy ispoured

intothe sideofthe connectorwhich has been molded to accepttheepoxy.The connector

willbe flippedoverand theotherside,which has fibersstickingout,willbe coveredwith
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epoxy. Finally, this side will be faced off with a diamond cutter which will form a clean

optical surface for the tibet to mate with the fiber from the other connector.

After the fiber-connector tmlt is made_ .the assembly of the pizza pan units requires the
following steps. First, the scintillator me[,_atile is placed on the bottom A1 cover. Flat-

head bolts are put into the bolting holes, Next, the white plastic sheet is placed over the

scintillator and the unit is bolted together, 'The mirrored end of the WLS fiber is inserted
through the hole in the white plastic and fe_clinto the groove in the tile. The cl.ar fiber is

loaded into the groove in the plastic and routed to the optical connectors on the megatile.
After all the fibers have been loaded, the pan cover is placed on the unit and secured. The

completed pizza pan unit is then light tighted and is ready to be tested. (see Section 3)

2.2.3 Source Calibration Tubes

Small, 1.8 mm outer diameter, stainless steel tu_hbeswill be attached on the outside of the A1
cover which is closest to the scintillator, A radioactive wire source will run through these

tubes to test the megatiles after construction and after installation into the steel, There

will be 4 source tubes per pizza pan. The tubes _,ill run radially from the outer edge of the

pan towards the inner part of the pan. The tulles will be centered on 3.75, 11,25, 18,75,

and 26.75 degrees. In order for the tubes to emerge from the pan at the proper place, it
will be necessary to bend the tubes near the top of the pan. The bend radius can be no

smaller than a 3 inch radius. It will not be possible to run all tubes from all layers out of

the pan to the back of the calorimeter like the fiber cables. Therefore, most tubes will stick

out above the pans into a hole through the A1 skim_ which cover the hadron steel. The holes

in the A1 skins will be approximately 0.75 cm in diameter. So that the source tubes do not
interfere with the fiber routing, these holes in the £1 skins will be at the same phi as the

washers used as spacers for these skins. During no:;mal operation these holes (and source

tubes) will be covered with black tape to light tight the plug. When the plug is pulled out
of the central calorimeter, the holes can be uncovered and a flexible plastic source tube can
be attached to the source tubes on the pans. This will allow testing of all the tiles in every

layer. It is still desirable to be able to source several layers of the calorimeter while the
plug is pushed in place. Therefore, the source tubes from two or three layers will be routed

back along the steel like the optical fiber cables. This will allow a source to be run into the
calorimeter from the back.

2.3 Optical Cabling

An optical cable will route the light from the hadron pan to a phototube box. This cable will
consist of 12 black coated 0.83 mm fibers, similar to the cable used for the strip detector in

the engineering prototype detec'tor. The cable used for the strip detector showed resiliency

against damage. There will be a connector on each end of this cable. The cable at the

back of the detector plugs into a light tight box. Tiffs connector mates with a connector
mounted inside the box. The connector inside the box has fibers of 1 mm. These fibers

route individual fibers for a layer to tile appropriate phototube. Hence the input to the
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box will be 23 individual cables from the layers, These will be routed to the 12 phototubes
associated with the 12 towers in a 15 degree section. This cable routing box can be made

and tested before installation at B0, Inside the box, the fibers are coupled to the light mixer

with an epoxy cookie. The optical cable and phototube box will be responsibility of the
Mechanical and Phototube Groups,

2.4 Achieving Light Yield Uniformity

The design criteria requires that tiles not only have transverse uniformity within the tile

but also that the aw _rage response between tiles of different sizes be the same. The primary

fiber pattern is the slgma pattern (see Figure 4 (a)). The transverse u2Aformity of the
tiles can be achieved by adjusting the actually position of the sigma groove within the

tile. Moving the sigma pattern away from the edges of the tile decreases the response near

the edges and increases the response in the center of the tile. Figure 4 (b) and (c) show a
response scan of an R&D hadron tile across the tile (b) and the distributions of the response

(c). The light yield for a small sample of these tiles is between 1.5 and 2 photoelectrons

per tile per minimum ionizing particle. The continuing I_&D program (see Section 6) will
determine placement of the fibers for different size tiles. Using this technique_ we estimate
the uniformity will be better than 5%.

This technique may lead to different average response between different size tiles. Iu

order to equalize the average light yield of different size tiles_ we will vary the location of

the splice between the WLS fiber and the clear fiber. The clear fiber has an attenuation

length of 4 to 5 meters and the green fiber has an attenuation length of 1,5 to 2 meters.

Therefore, adjusting the location of the splice by 20 cm will result in a 10% change of the

light yield. The procedure must account for the various optical path length of the different
tiles to the phototubes. As a backup procedure_ the nonuniformity could be corrected using

the phototube masking technique.

3 Testing Fixtures and Techniques

3.1 Fiber Testing

Most of the light yield variation in the tile/fiber assembly originates from bad splices or

varying quality of the fiber, not from the variation in the scintillator. Therefore, the fibers

will be pretested using a quick testing setup that is described below, The fibers will undergo

several tests. First, the quality of WLS fiber will tested by selectively measuring a small

sample of fibers from different portions of the spool(s). Second_ the mirror process will be

monitored by measuring the reflectivity from a control sample. Third, every splice of WLS
fiber to clear fiber will be tested. Poor splices will be rejected. It is expected that we can

control the uniformity of the splicing to 5%. The tools which will allow us to test the fibers

to the 2% level are the following:
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The distribution of response values for the scan.
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1, The 1% reproducible phototube/oil coupler assembly that can couple a large
number of fibers to a phototube.

2, The use of a permanent reference tile that has a fiber permanently connected to

the reference phototube,

3, The use of a standard reference tiles that allows quick insertion and removal of
fibers.

The phototube/oil coupler consists of a phototube with careful elec?rostatic and mag-
netic shielding to reduce dark current, The tube has a 10 cm long square leucite light

pipe that acts as a randomizer, The oil coupler consists of a small oil bath on top of the

coupler which has several 1 mm holes on top and 1 mm tubes connected to tile holes, The
entire assembly is covered with white teflon and light tighted, The fibers are coupled to the

phototube by insertion through the 1 mm tubes into the oil, The use of the oil coupler and
randomizer reduces the variation in the optical coupling.

To test fibers one uses a large test tile with solid shiny aluminum top and bottom

reflectors. A hole from the side is used to push the fiber into a sigma groove, A reference

tile with a fiber permanently connected to the phototube monitors the stability of the

phototube gain. The individual test consists of measuring the dark current of the PMT,

measuring the light yield of the test tile and fiber, and measuring the light yield of the
reference tile, The existing test setup allows the measltrement of 100 fibers per day. For full

scale production, at least four fiber testing setups would be required to measure the 11,000
tile on the time scale of l month,

3.2 I" ._ Testing

The p: . testing is to assure that no fiber was damaged during the assembly process. To

te.,_ " _._completed pans, the entire pan is put into a large light box. Two fiber cables will

run Irom the pan connectors to a phototube with a randomizer. A wire source will be run

through the source calibration tubes and the average response of each tile will be recorded.
For the small tiles on the inner edge, we need to add guard tiles and run their fibers to the

phototube. The guard tiles catch the gamma's that leak outside of the pizza pan so that

the measurement is always for an "infinitely" large area tile. The box has a permanently
attached reference tile to monitor the gain of the phototube, With about 500 pizza pans,

it is anticipated that 2 pizza pans can be tested in a given setup per day. Therefore, with
4 setups running in parallel one can test the entire calorimeter in about 60 days.

4 Energy Calibration

4.1 Techniques

The primary calibration will in be in terms of a minimum ionizing muon signal. That is, al]

towers will be calibrated relative to one another using the most probable energy deposition

of minimum ionizing muon (defined as a MIP) and shower energies will be expressed in terms
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of MIPs. A prelimlnary calibration between MIPs and hadrontc shower energy in GeV has
been measured in the 1991 test beam run with the 1991 Upgrade prototype calorimeter,
This calibration is only known to _:5% presumably because of nonunifo_mtty in the hadron
prototype tues. This nonuniformtty is from fiber damage caused by gluing the fibers into
the the with Epotek 305 glue, The new calorimeter will not have any glued fibers, and
therefore much more uniform tues, It is anticipated that in the future, this calibration will
be repeated with a new test beam calorimeter.

The design specifications call for a muon signal to have the same light yield indepen-
dent of the size of the tile, Consequently, if tower-to-tower phototube gain variations are

normalized to the MIP signal for a tower, the calorimeter's response to localized energy

deposition anywhere (transversely and longitudinally) within it will be uniform, Because of
this uniformity and relative energy calibration in terms of MIPs, each 30 o pizza pan sector
can be considered to be identical calorimeters, e,g,, with identical MIP to GeV calibrations,

A mockup consisting of a 60 o sector of the calorimeter (two pizza pans) will be constructed
in a manner identical to the actual device and placed permanently in an hadron test beam

facility, This will be used to obtain the absolute calibration from MIPs to GeV and to study

details of the performance of the device,
Stainless steel tubes for radioactive source calibrations will be attached to the pizza

pans, They will be used for diagnostic testing and backup calibrations, It is anticipated
that only a few selected layers will be monitored continuously, and the other source tubes

will only be used for diagnostic purposes in case of a major problem, Note that having

ali the tiles in a pizza pan have uniform fight yield implies that the radioactive source
calibration can be cross-checked against calibrations using cosmic ray muons, These muons

need not have elaborate tracking to ensure that it remain entirely wittfin a tower, Since
, the towers are identical except for the gain of the phototubes, a matrix inversion technique

can be used to set the gains of the phototubes from the muon response over several towers

(averaged over many events).

AS the gains of phototubes do drift with thne and environmental changes, the relative
gain change of each individual phototube will be monitored with a laser flasher system. If

the gain of a tower's phototube changes, the definition of a MIP for that tower changes and
therefore it is necessary to monitor these changes to maintain the absolute energy calibration

of the calorimeter, Such a system must be reproducible and stable to carry the absolute
calibration from one muon calibration to another. It must be assumed that the initial muon

calibration be tracked over an entire collider run. Although the actual implementation of

such a laser calibration system is the respon' lbility of the Phototube Group, we will assist in

the design and implementation of those cr.Dcomponents wtfich directly affects the hadronic

phototube calibration.

4.2 Electronics Requirements

The readout electronics must be able to clear].y distinguish a muon signal from the noise at

the low end and have a dynamic range that covers shower energies of up to 600 GeV per
channel. For the level of the MIP signal and the shower signal from the calorimeter, we shall
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use values from the 1991 Upgrade prototype calorimeter, The prototype's photoelectron
yield at the peak of the muon dE/dx distribution is 35 pe_s/1VHP/23 layers, (With this level
of photostattstics, the tins/peak on the low side of the dE/_: _!;',_trtbutionis _30%,) The
hadronic shower photoelectron yield is 15 pe_s/GeV.

We intend tc operate the phototubes at a nominal gain of _ 5 × l0 s. At this gain, the

integrated charge out of the PMT for a MIP signal is 2,8 pC and that for a hadron shower
is 1.2 pC/GeV (720 pC for 600 GEV), If the phototube signal is assumed to be a triangular
pulse w|th a base width of 40 nsec_ then the peak current for the MIP signal ts 0,14 mA
(7 mV into 50_) and 36 mA for 600 GeV of shower energy, The phototube response should

be Hnear (within 2%) up to 720 pC, If the photoelectron yields are less than expected,
phototubes may need to be operated at higher gains. For this reason_ the phototubes must
also be able to operate at gains of 108.

The ADC should have the same feature's as the 1992 I_ABBIT PMA card: a full scale

of 750 pC and 16 bits of resolution. With 16 bits of resolution, the most probable value of

the muon dE/dx distribution w_ be at 240 ADC counts, This is more than adequate for
a precision calibration of the tower gain via the muon peak. A value lower than 60 ADC

counts (14 bits of resolution) is not acceptable.

4.3 Calibration in hadron test beams

The 1991 test beam prototype is a 45 ° section of the plug upgrade hadron calorimeter.
However, the inner portion_ 3o < _ < 14°, was not constructed. As mentioned prevlously,

the mockup of the plug upgrade calorimeter that we plan to use at an hadron test beam
facility is a 600 sectlon. We plan to use steel absorber from the the old 60 o mockup for the
PHA. This mockup is very similar to the plug steel on the Collider Detector. However, it
will need modifications to make it identical to the planned plug upgrade configuration of
the plug steel for the "1995" CDF run. This modification will be the responsibility of the
Mechanical Group. It will need to to have tl_ee additional 5.08 cm (2.0 in) plates of steel
added to the front, and the existing steel plates need to be extended from its current angle
of _ - 10° to 3°, The 6.35 cm (2.5 in) thick plate at the the start of the 30o readout crack
region needs to have an arc of material added to the outer radius of that plate to simulate
the 45 ° bevel on the corresponding plate on the Collider Detector, Mounting hardware for
the aluminuin cover skin over the plug steel on the Collider Detector as well as the cover
skin should also be duplicated for this new mockup. In any case, we require that the steel
and the layout of the support structures for 60 ° section mockup at the hadron test beam

facility be the same as that for the final plug upgrade design for "1995" run of CDF.
The mockup will require the construction of two additional 30° pizza pans for all 23

layers ( for a total of 46 pizza pans). The plug upgrade requires a total of 19 × 23 × 2 or
552 pizza pans. We will consider the mockup as two spare pizza pans for each layer (out
of 24), One 300 sector of the mockup will be a production, module taken at the start of
production, and the second sector will be a production module taken at the end of the
production cycle.

The relative MIP calibration of the towers will be clone with beam muons of a fixed
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momentum as was done in the 1991 test beam run, The absolute calibration of the shower

energy in units of MIPs tc GeV will be done using momentum analyzed hadron beams of

various energies and it will require an instrumented electromagnetic shower stack to be in
front of the hadronic section, This EM calorimeter must be of the same design as the actual
plug upgrade EM calorimeter, or the actual device itself. Various other beam tests which
study the details of its performance will also be undertaken, Results from the 1991 test
beam run indicate that both a large transverse area EM and hadronic stack are needed to

understand the combined response of the system to low energy hadrons (i,e., jet hadrons),
The relative calibration in MIP units must also be done on the actual calorimeter at

CDF. However, the calibration at CDF must be done with the solenoidal magnetic field
turned on. This is because the light yields from ionizing radiation in most scintillators

increase with increasing magnetic fields [1], The increase in light yield is typically under
5%, In principle, any increase in light yields due to magnetic field effects will produce an

increased MIP response that should compensate the corresponding increase in the hadronic
shower response, Thus to first order, if we get the absolute calibration from MIPs to
GeV from the test beam where there is no maguletic field, this absolute calibration can be
transferred to CDF as long as the MIP calibration is done with the solenoid magnet on.

5 Production and Installation

This section outlines the specific production and installation schedules for the hadron
calorimeter, lt estimates the manpower and resources necessary for each task and where

that task will be performed and who is responsible, It is the preference of the hadron group
to perform as much of the construction of the hadron components at FNAL, However, it is
possible that some of the work may be farmed out to industry,

5.1 Production

The production of the pizza pan units can be broken down into tasks. The major tasks are

the following: t,

1. Scintillator Milling

2. MegatUe Glueing

3. ¥1_tLitePlastic Milling

4. A1 Pan Cutting

5. Fiber Mirroring

6. Fiber Splicing

7. Fiber Testing

8. Connector Construction

9. Megatile Construction
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10. Megatile Testing

Table 2 shows the time schedule each of the tasks. Installation which has been included

in the table is discussed in depth in the next subsection. Table 3 showers the materials

necessary for the production of the two endplugs and a 60 degree testbeam module. Table
4 shows the manpower required for each task while Table 5 shows the lab space required
for each task. Some tasks do not overlap in _time so some lab space and technical support
could be used for the two tasks. Optical cables with connectors must be constructed to
make the connection from the pans to a box containing the phototubes. The construction

of the cables and box is the joint responsibility of the Mechanical and Phototube Groups
and are not included in the tables.

The time estimate for the scintillator milling is based on the current segmentation design

and the speed which test tile were cut at the beginning of April. The thne estimate breaks
down as follows: The fiber groove cutting speed is 30 inches per minute. We assume the

speed of cutting for the separation groove is 20 inches per minute for full depth cut. For
layer 23 and a 15 degree sector, it would have 100" of separation grooves and 300" of fiber
grooves, Similarly, layer 1 would 80" of separation grooves and 200" of fiber grooves for a
15 degree sector. We take the sum of these numbers to give the average lengths for a 30
degree sector. The results is 180" of separation grooves and 500" of the fiber grooves. The

_irne estimate for two 15 degree sectors milling process is 6 minutes for separation cut and

25 minutes for fiber grooves. The total cutting time is approximately 30 minutes plus an
additional 30 minutes setup time for the two 15 degree pieces. This gives a total of 1 hour

for a 30 degree megatile. The time to cut a single layer (12x2+2=26 sectors) is 26 hours.

For all twenty-three layers the milling time would be 600 hours.

5.2 Installation

The Rochester group will be responsible for overseeing the installation of the Hadron Up-

grade. In addition, the group will also be responsible for the final checkout of the hadron
calorimeter prior to collider running.

The Hadron Steel will be modified by the Upgrade Mechanical Group. These modifica-

tions include putting 3 additional layers of hadron steel and extending the existing steel with
stainless steel washers to 3 degrees. The stainless steel washers will have small radial pieces

welded on every 30 degrees. These radial pieces will serve as guides for the hadron pans.

The inner part of the stainless steel washers will be supported with a cone of steel. This

cone of steel will prevent access to the small radial portion of the steel during installation.
We envision a scheme for mounting the hadron pans which is similar to present scheme

for mounting the PHA. We will be able to insert the pans between these radial strips of the

stainless steel washers. The strips will guide the pans so that they are correctly placed in the

inner part of the steel. At the outer part of the steel we envision using the identical scheme

used by the PHA. The PHA chambers are 30 degree chambers, same angular coverage as

the upgrade hadron. The PHA has two screws welded onto the steel. The location of these
screws was determined by surveying. The PHA is positioned and held on the outer steel
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Table 2: Time Line for Hadron Calorimeter Construction: Installation will not start un-

til after the steel modifications are complete. These numbers are under discussion with

Fermilab Management.

Project Task S O N D J F M A M J J A S O N D J F M A

Scin Milling X X X

Scin Glueing X X X

Plastic Milling X X X
A1 Pan Cut X X

Fiber Mirror X X X X X X

Fiber Splicing X X X X X X ....

Fiber Testing X X X X X X
Connector Const X X X X

Megatile Const X X X X

Megatile Test X X X X X ......

Start Install. X

Table 3: Summary of Materials for the of Hadron Calorimeter Construction: These numbers

are under discussion with Fermilab Management.

Material Amount

Scintillator: SCSN38 (6 mm) 600 m 2

Scintillator: PVT or SCSN38 (8 mm) 30 m 2 ....

WLS Fiber: Yll, 0.75 mm 12 km
Clear Fiber: 0.75 mm 25 km

White Plastic: 600 m 2
.

Pizza Pan Al: 600 m 2

Source Calib Tubes: (1.8 mm OD) 4500 m .....,,,

Epoxy: BC69902
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Table 4: Summary of Manpower of Hadron Calorimeter Construction: These numbers are

under discussion with Fermilab Management.

Project Task Physicists Engineers Technicians Man Hours

Scin Milling 0.3 0.3 2 1200.....

Scin Glueing 0.3 2 1200

Plastic Milling 0.3 0.3 2 1000.

A1 Pan Cut 0.3 0.3 2 640 j.....

Fiber Mirror 1 - 1 400

Fiber Splicing 1 - 4-6 2500

Fiber Testing 1 - 4-6 2000
Connector Con 1 - 2....... 1500

Megatile Const 2 1 8 3500

Megatile Test 1 - 2 1000 ,,

Installation 3 2 8 2500
,,

Table 5: Summary of Laboratory Space Requirements: These numbers are under discussion

with Fermilab Management.

Project Task Laboratory Space.....

Scin Milling ......

Scin Glueing

Plastic Milling .........

A1 Pan Cutting
Fiber Mirror

Fiber Splicing

Fiber Testing
Connector Const

Megatile Const

Megatile Test ,.,
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with these screws. We plan on using the same screws to hold and position the hadron pans.

The pan should mount as easy as the PHA.
Once the pans are mounted in the steel, we will connect the fiber cable to the pan and

route it to a tester to test the response of the pan to a source. The connector in the pan will

be pushed up against the upstream steel of the gap. This will give the cable bundle a 3/4
inch radius to make the turn to the outside the steel. The pans and the cable will have been

made light tight. Therefore, we will connect the bundle up to a test phototube and test the

configuration without having to light tight the steel. Next, we run the source through the
calibration tube to determine if the installation is performing properly. From these results,

we can determine whether we need to source all pans after installation or whether we can

just source a selected number. After the pan has been checked, the cable bundle will be

plugged into a fiber router box.
For the installation we envision moving the east plug to the west where there is more

room for installation. We will need to have access to the readout. Hence the readout

cables will still have to be attached to the plug. To help with the installation, the Upgrade

Mechanical Group will install scaffolding to enable us to easily get at all of the hadron

plug. Both plugs would be installed at the sometime. Eight FNAL technician would be

needed for hadron plug installation. Each plug would have 4 technicians working on it.
Two technicians would work on the north side and two would work on the south side. Some

jobs might require more than 2 people. For these the north and south group can help each
other. At least 3 Rochester physicists would be supervising the installation and performing

the quality control tests.
The entire installation involves mounting 552 pans. With each of the 4 groups doing

2 pans a day, the installation will take approximately 3 months. After the installation
we estimate it will take approximately 2 months to shakedown the system. During the

shakedown period, we will periodically need technicians to fix problems which are discovered.
As a part of the shakedown, the aluminum skins will be put on the plug to form the light seal

for the system. Besides making the the system light tight, the DAQ system and phototubes
will also be checked out during the shakedown period.

The Rochester group will oversee the final checkout of the hadron system. Although,
the phototube group will check to be sure the phototubes work, we will ensure this is done.

In addition, we will ensure the electronics and HV system work. The Rochester group
' will ensure the proper software is written for the calibrations. These include, source runs,

flasher runs, pedestal run and charge injection runs. Typically, these programs are written

for other subsystem and we will ensure that they work for the plug hadron system.

6 R&D Program

Although much R&D has been performed already for the hadron calorimeter, some final
R&D will be done over the next 5..7 months to verify and study some of the purposed

solutions to problems which arose with the engineering prototype. An outline of this R&D

is presented in this section. Table 6 summarizes the R&D decisions which need to be
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made and tests needed to make those decisions. Some of the decisions are all ready well
understood but are listed nonetheless. The specific nature and methods of the tests is not

described. Section 6.1 contains a simple time line for the work over the next 9 months.

6.1 Time Line for Hadron R&D

The time line presented in Table 7 has been divided into major phases of the IK&D program

and the specific studies which fall under the categories are listed below. The major sections
of the time line are'.

1. Single Tile R&D: This will include those tests with individual tiles and fibers.
These tests will consist mostly of the studies listed under materials and geometry
in Section H.

2. Megatile R&D: Includes the IK&D performed with a large single megatile wtfich
is cut and epoxied. The a single pan will be constructed, debugged, and tested.

3. Test Beam Prod'. To test the production on a "smaU" scale, we will make the

pans for a test beam module. These can be loaded into the steel and debugged.

This will test our procedures at the multi-pan/multi-tower and sector level.

7 Organization

The overall coordination of the R&D and construction of the hadron calorimeter will be

done by the University of Rochester, A. Bodek will be the hadron coordinator and II. Budd

will be Rochester's local (FNAL) representative of the group. The Rochester manpower
is outlined in Table 8. It is anticipated that the physicists will spend about 50% of the

research time on tile hadron calorimeter project, with the remaining time participating

in the running and physics of the on-going CDF data run or in some cases research for

the SDC. However, whenever it is necessary, a large effort can be re-direct :d towards this

project.
The hadron group will also maintain liaisons with the other plug upgrade groups. H.

Budd is the liaison of the hadron group and the mechanical group, B. Wirier is the liaison to

the Physics group, P. de Barbaro and B. Winer are liaisons to the EM group_ W. Sakumoto
and R, Walker are liaisons to the phototube group and W. Sakumoto is the liaison to the

Shower Max group. The liaison people will communicate the R&D results that are useful

to other groups, thus helping achieve a unified design. The liaison will also be responsible

for worrying about the boundarY interfaces where the responsibility of the hadron groups
ends, and other groups begin.

Interface boundaries - These are the items that are to be decided by the other groups (

in consultation with the hadron group) and given to the hadron group as fixed parameters.

1. Modifications to hadron steel - MechanicaJ
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Table 6: R&D Decisions and Tests

[1 Decisions Tests
-Light Yield for different

-Tile/Fiber combinations
* Scintillator complete with clear fiber

-Type and splice,
-Thickness -Attenuation Lengths

* Fiber -Radiation Damage

-Type -Other Aging issues
-Diameter -Mechanical damage: fragility

-Quality control of fiber
manufacturer,

Geometry -Uniformity: Optimize Pattern
-Segmentation: based on

* Groove Pattern physics related issues.

* Shape of Groove -Light Yield good enough with
* Segmentation 1 sigma..,need two

Mechanical
-Fabrication of a 15 or 30

* Cutting/Epoxying of Tiles degree megatile to study
-Size of Cut method for cutting and

-Size of Megatile epoxying,

-Aging/Rad Damage
of epoxy joint -Mechanical strength tests

* Optical Connector -Connector Tests

* Construction of pan -Construction of the pan
-Al Support for this megatile to study

-Fiber Support/Routing the support structure and
-Al Mylar design.

* Loading Pans into Steel

* Fiber Routing along steel. -Small "production" for the
test beam module to study

production methods and pan
insertion into steel,

Quality Assurance

* Method for Checking Fibers -Methods can be developed

* Testing Tiles after Fiber loading during the construction of

* Testing/Calibrating towers/tiles the megatile and small

after pans are inserted in the production for the test beam
steel.
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Table 7: R&D Time Line

[1R&,D Prog, [March April May June July August Sept Oct Nov li......

Single Tile X X X X X ....

Megatile .......... X X X X X.....

TB Prod, X X X

Table 8: Rochester Manpower

Faculty Arie Bodek, Steve Olsen
-Senior RA's Howard Budd, Willis Sakumoto

RA's " Pawel de Barbarol Brian Winer, Robert Walker

grad stud. Manoj Pillai, Philllp Koehn, Fan Qun

Engineer Tom Haelen (at Rochester)
Technicians Mark Ollson

2. Modification to test beam 60 degree mockup - Mechanical

3. Fiber routing - Mechanical

4. Source tube routing/source drivers - Mechanical

5. Fiber coupler- EM

6. Phototube choice/electronics and optical cables - Phototube

7. Splicing Mactfinery - Mechanical

8. Choice of Scintillator/Fiber type/Size - Technical board

9. Cookie design and coupling to phototube - Mecl_anical/Phototube

10. Segmentation- Physics

Responsibilities of Hadron group:

1. Oversee the R&D for production of uniform tiles with the same gain.

2. Oversee quality control during production.

3. Supervise the installation. The installation and fiber routing will be the respon-
sibility of FNAL technicians and the mechanical group.

References
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Task I' Preparations for Experiments at the SSC

Rochester is involved with work related to the SSC in the areas of calorimetry,
tracking, and detector development. Our efforts are focused on prototypes of practical
detectors for the SDC, as well as longer-term developments. There are four main
programs:

• I-1: Investigations of properties of and manufacturing methods for SDC scintil-
lating tile/fiber calorimetry; (DOE-HEP Operating Funds requested)

• I-2: Tracking detectors based on gas microstrips for the intermediate-angle track

detector (ITD) of the SDC; (DOE-HEP Operating Funds requested) and

• 1-3: Development of Chemical Vapor Deposited (CVD) diamond film detectors.
(Partially supported by the Texas National Laboratory Research Commission;
no DOE-HEP funds requested,)

• I-4: Feasibility studies for an experiment to detect neutrinos originating from
the interaction regions at the SSC. (No funds requested at this time.)

In the past, this work has been separately supported by funds from the SSC generic

subsystem R&D program (FV 91) and SDC equipment funds (FV 92), These were
used for shop work, materials, supplies, engineering and equipment for SSC-related
work. Equipment funds for FY 1993 have also been requested for some programs
from the Texas Commission.

Several of our Ph.D personnel were also awarded Texas National +Research Lab-
oratory Commission SSC Fellowships (P. de Barbaro and A. Sill FY 91, R. Walker
FY 92), No such support is available or expected in 1993. Personnel support will be
required to keep these productive programs active and healthy.

Maintaining the level of our Ph.D staff in 1993 is essential if we are to fulfill
our responsibilities to continue both CDF and SDC work in the future, In order
to continue with an even level of effort and participate in SSC activities, we are

therefore requesting half-time support for each of two postdoctoral workers (Winer
in calorimetry, and Sill in tracking) to continue work on SDC prototypes,

J

Task I-l: Scintillating Tile/Fiber Calorimetry

(Participants'. Prof. A. Bodek, Prof. S.L. Olsen, Drs. H. Budd, P. de Barbaro,
W. Sakumoto, R. Walker, B. Winer; Messrs. Q. Fan, P. Koehn, M. Pillai)

Introduction

Scintillating tile/fiber calorimetry is based on the use of embedded wavelength-
shifting (WLS) fiber to collect scintillation light from a plate-like "tile" detector. This
technology is being pursued at Rochester for both the SDC Calorimeter Subsystem
collaboration[2, 2] and the CDF collaboration[3]. The RkD on this technology is a
joint effort between CDF and SSC-funded subsystems,

SSC calorimeter design goals include: radiation resistance; single particle shower
energy resolutions of better than 20%/v_ and 50%/v/-E for electromagnetic and
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hadronic showers respectively (with constant terms less than a few percent); good
response uniformity; full compensation with 0,9 _<e/h <_1.1 for good jet energy re-
sponse; and good hermeticity. To accomplish these goals_ the following R&D program
is being pursued by the scintillator-based calorimetry group. In FY90-92, research
has been conducted on the fund,_mental aspects of the technology. This included
basic R&D on scintillator and plastic optical fiber technologies, investigations on e/h
compensation, and feasibility studies of various aspects of this tile/fiber technology
with actual beam exposures of test calorimeter modules. At the end of FY92 the
SDC Collaboration has chosen tile/fiber technology to he used used in SDC barrel
and end-plug calorimetry,

During FY92, the University of Rochester HEP group has participated in a spe-
cialized test program conducted at the Fermilab MT beam line, called the "Hanging
File" calorimeter_ to investigate genera/ properties of layered lead, iron, and plas-
tic scintillation detectors. We have also continued our R&D effort on more genera/

aspects of tile/fiber technology. For FY93-94, the emphasis will shift to design, pro-
duction, and eventually beam tests of full size SDC calorimeter modules.

"Hanging File" Test Beam Results

In the FY92, members of Rochester SDC group have played a crucial role in the
construction, data collection and analysis of the results of the Hanging File Calorime-
ter. The purpose of this test beam experiment was to study the question of e/h com-
pensation for scintillator plate calorimetry. Some of the questions being addressed
were the following.

1. What combinations of Pb, Fe, and scintillator are compensating?

2. In a three-component laminate_ does compensation depend on the sequence
in which the components are ordered in the laminate?

3. How is compensation affected by "dead" (non-active) low-Z cladding?

4. What is the effect of a non-compensating electromagnetic section on the
hadronic shower energy resolution?

The calorimeter was a square 1 m 2 stack formed by a series of plates of Pb, Fe, Al,
polystyrene, or 2.5 mm thick scintillator tile in various combinations. All plates were
independently moveable, allowing the stacking structure to be rearranged easily. Two
identical box-beam structures with structure similar to that of a hanging file folder
were build to hold the plates. Light from each 1 m 2 scintillator tile was collected by
ten 5 m long, ] mm diameter WLS fibers, as shown in Fig. 1.

Rochester played a strong role in the hardware of the hanging-file effort. For
example, Dr. de Barbaro participated in the construction and the quality control of
the tile/fiber assemblies, and Dr. Sakumoto was responsible for installing, debugging,
and maintaining all the electronics systems for this calorimeter. Wavelength shifter
fibers were embedded in the tiles using the "ball-groove" technique [3] developed by
our group. This allowed the fibers to placed with ease and with a minimum of optical
glue.
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Figure 1: Fiber layout of a Hanging File tile. The plots correspond to transverse
uniformity of the light collection, as measured by the radioactive source.

Test beam data were taken during 1991 Fixed Target Run at Fermilab using
momentum selected pion and electron beams with energies between 5 GeV to 240
GeV, Forty different configurations of materials, thicknesses, sampling fractions, and
low-Z cladding layers were studied. The data are presently being analyzed. Some
preliminary results have already been presented at SDC Collaboration meetings and
used as input to the SDC Technlc_l Design Report[2].

The analysis of muon calibration runs was performed by members of the Rochester
group. Figure 2 shows an example of 240 GeV hadron shower profile after muon
calibration. Figure 3 shows comparison of 15 GeV electron shower profile with EGS
calculations. The energy resolutions and electron shower profiles agree well with the
predictions of EGS Monte Carlo.

One of the basic design parameters of hadron calorimeter is choice of absorber
material. This ties in with choices to be made for the hadronic depth (total ,Xi,t)
and longitudinal separation. In the SDC,[2], the barrel and end-cap calorimeters will
consist of two hadronic compartments with different absorber thicknesses. The section
closer to EM section (HAC1), will have finer sampling, and the second hadronic
compartment (HAC2) will have twice the sampling thickness of HAC1. Preliminary
data from the hanging file program described above have provided input for the choice
of the above parameters for the SDC detector.

Figure 4 shows the energy resolution for 240 GeV pions, as measured in the
hanging file calorimeter, as a function of the combined thickness of the EM and
HAC1 sections. The total calorimeter depth is 10 interaction length. The resolution
increases from 5.3% for all 1-inch iron absorber to 5.7% for a 4,6 interaction length
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Figure 2:240 GeV hadron shower profile, as measured by HF calorimeter. Relative
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Figure 4: Resolution (crEE) for 240 GeV pions as a function of the EM+HAC1
depth, with various HA C2 absorber thicknesses. Total calorimeter depth is 10 ,X.

HA C2 constructed with 2-inch iron plates.
The SDC Collaboration considered lead and iron as two possible candidates for

an absorber material in the hadron calorimeter. Preliminary results from the hanging
file effort provided the input for the choice of iron as the absorber. Figure 5 presents
the comparison of linearity, energy resolution and e/v ratio in the calorimeter with
iron versus lead absorbers. The data indicate that the lead-scintillator and iron-

scintillator calorimeters have comparable performance. To obtain e/_" _ 1, a different

relative weighting of signals from the EM and hadron compartments was used for each
configuration.

Tile/Fiber Response Studies

The main thrust of this effort is to understand and measure the response of scintil-

lating tiles as a function of the calorimeter design, geometry of the tile, and properties
and placement of readout fibers within each detector element. Fiber placement is ad-
justed to optimize the light output and uniformity of the tiles for various scintillator
materials, wavelength shifter fibers, and tile geometries, and the results compared to
a predictive model for the response.

Two XY tile scanners have been constructed by Rochester for SDC work both
here and at FNAL. Another is being built here for use at LBL. In this program,
measurements are taken by computer using a source which is scanned remotely across
the surface of the tile, and the resulting data are compared to a model which predicts
the expected light output and uniformity. We use setups at Rochester and FNAL
with both/5 and 7 ray sources.

The parameters which go into the design of the tiles are the attenuation lengths
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in the scintillator and those of the fibers, the tile geometrical pattern, the masking of
the wrapping material of the scintillators, the placement of the fiber within the tile,
the light yield and frequency spectrum of the light in the scintillator, the thickness of
the scintillator, the absorption and emission spectra of the green wavelength shifting
fibers, the optical properties of the clear readout fiber spliced to the wavelength
shifter, and the coupllng to and response of the phototube, Ali these parameters
enter into the model, and are compared to the data which we achieve,

It is expected that new radiation-hard scintillators will be developed during 1992
for SDC work,[5] The properties of these new materials will have to be measured as
well, and so the above studies will be repeated,

"Megatile" R&D

During FY92, the Rochester grouphas developed a new technique[4] for building
assemblies of large number of mechanically connected tiles. In this concept, several
tiles are machined at once oat of a common mechanical scintillator blank, and then are
optically isolated by the use of a mixture of titanium-dioxide loaded white paint and
optical epoxy. The resulting structures are called "megatiles". The reflective epoxy,
which provides very strong bond and high light reflectivity between the individual
tiles, was developed by the Rochester group in collaboration with Bicron Co. of
Newbury, OH.

The megatile technique of assembling the tiles has already been adopted in the
construction of fine sampling (2mm lead and 4mm scintillator) tile sandwiches for the
SDC EM calorimeter prototype. This EM module will be tested during summer '92
at the Brookhaven National Lab, The Rochester group is responsible for the quality
assurance program of this prototype.
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Task I-2: Gas Microstrip Detector Development

(Participants: Prof. P. Tipton, Drs. A. Sill, R. Hughes)

Introduction

Rochrster has been active in the development of gas microstrip detectors for the
SSC, in conjunction with a large international team[li. These devices have been
chosen as part of the baseline tracking design for the SDC.[2] The detectors work by
collection of the ionization charge in a thin gas layer by formation of an avalanche
over narrow (10 #m) strip anodes on a slightly resistive substrate.

The basic layout for the use of these detectors within SDC is shown in Fig 6.
Several layers of GMD tiles will be arranged in consecutive sections to provide track
detection and triggering in the intermediate angle region, ranging from a pseudo-
rapidity r/of 1.8 to 2.8 units.

Milestones for this work include an internal SDC technical review of all tracking
systems (late 1992), initiation of a prototype detector program (already under way
including participation from members at Rochester), and selection of a final detector
type and substrate (June 1993). Work at Rochester has been focused on identification
and measurement of substrates to give the best overall performance. In addition,

we are now beginning a program for test measurements of detectors using readout
electronics similar to those of the SVX project within CDF at Fermilab[3].
Substrate R&D

A slightly resistive (p _ 10 f2-cm) substrate is required in order to achieve surface
draining of the charge between the anodes and cathodes that face the gas volume in
the device. Several proposed substrates have been examined in terms of their bulk
and surface resistivities, and some selected for further work. There are two basic
types of gas-microstrip detector:

• (a) Tl_ose which make use of the bulk conductivity of the substrate to dissipate
charge, and place the back cathode on the on the reverse side of the overall
substrate; and

i (b) Those using thin-film techniques to form a multi-layer surface, in which the

anode and cathode strips are separated by a t}-in layer of insulator (0(2-3 #m)),
the surface of which is then modified to reach the desired resistive dissipation.
The back cathode is beneath the surface insulation layer in this design, on the
same side of the substrate as the anodes and cathodes. The substrate is purely
for mechanical support in this approach.

Substrate R&D at Rochester is being done for devices of type (a) above, and has
recently expanded to include substrates and manufacturing methods for devices of
type (b). This work is conducted in the Cyclotron shop in conjunction with clean
rooms and facilities of the Electrical Engineering department at the university.

, The program of research is as follows:
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Figure 6: Layout of the detector elements for gas microstrip devices as used in the
SDC.

1. Metallization of plastic and glass substrates with subsequent processing
through photo-lithography and etching to produce the needed anode and
cathode pattern. This work will be done primarily through the Rochester
Cyclotron Laboratory Shop with appropriate sub-contracting to outside
services (such as lithography) as required.

2. Encapsulation of the device into an appropriate low-mass package for test-
ing in gas and under operational conditions. This work will be done at
Rochester using shop and student labor.

3. Wire-bonding and connection to the devices to high voltage, electronics,
and gas for operational tests. This work will be done primarily on campus
at Rochester, with possible use of equipment available at Fermilab.

The packaging of a substrate into a working element ("tile") of a detector is
shown in Fig. 7. The gas volume is enclosed between the anode-cathode surface of
the substrate and a dzift electrode a few millimeters above this surface. Rochester

has been active i_ the modeling of drift fields along the surface as a function of the
anode and cathode voltages and the drift field, as well as the "back" cathode voltage
on the reverse side of the substrate.

Field shaping results for two different sets of voltages are shown in Fig. 8. These
demonstrate that the field is more strongly affected by the backplane voltage in
thin-film technology devices (those of type (b) above) and that the avalanche charac.
teristics are more confined than those in the bulk-conductor method (type (a)). This
is in agreement with experimental data w} :cb show the thin-film devices to operate

- I_9
_
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Figure 7: Packaging of a gas microstrip detector substrate with its gas volume in

devices planned for the SDC.

at much lower anode-cathode potential differences than the bulk-conductor ones.J5].

Rochester has begun a set of discussions with Xerox Corp. in Webster, NY regarding

possibilities to manufacture these devices locally.

Readout Electronics for GMD Testing

The electronics for gas microstrips meet specifications similar to those used in the

CDF silicon microstrip vertex detector (SVX) project at Fermilab[3]. The electron-
ics required to achieve these goals break down into two basic categories' (1) probe

station and cards for test of detectors that have not yet been bonded to electronics

readout, and (2) a readout and storage system for fully wirebonded detectors. We

have requested funding from the Texas Commission[4] to begin work in this area.

The probe station and readout cards will be used to perforra quality assurance

tests to make sure that the detectors are worth bonding to preamp chips. The second

set is used for performance testing once the detectors and preamps have been bonded

together, to measure resolutions, efficiency, and so forth. To lower costs and meet

the scl_edule required by the SDC decision milestones, we are beginning a program to

150



RNSYS 4.4R
]FEB 16 1997-
lZ: 10:13
PLOT NO, 1
POST1 STRESS
TEMP
$r4X =600

ZU =1
DIST=192.5
XF =50
YF =170

-- ZDGE
0
30

...... 60
90

---- 12 0

15 ,li
'---------------- 180

Z20
"------------- Z50

----------"- Z 8l'i
"--..._. ,...

-_--___ 310

.________.._"---...... 340
_... "-.. 37('

-__ "'_.. "_., '% ', "1

--,-.. ,., ",,, ,_ ',

....._'7"..'.,',,'t_ i ..--- -----_-'--"
_--:.L'_'., '.. \ _ I ! -" _3,__,, -'---

"-'_---.._, ",_

"".""ll ' /I I' 'l 1/ -"' "'" "" ',,_;_;','lL_i;i,l,i/,/,,,.,y,,/,/,,,.'.------- -----._,.'-.,. ',,
.iii-",_'_,,_,,W,,v',"i,, '///,/,'.#'J',.'/_Y:,',,'.,",".v,/. , ,- ,,', "-'--,.,."\ 'iii

...tlJT.,_'-;'7,;'"',''.',,.'.'.'-, / .----'-'--" .._.. \ ,
.-_;.:,.'..;'..>-_..-'f. i" .. .

:-y...I-_>';---- IJ //I-

Figure 8: Field shaping models for two different configurations of the anode (1/.),
backplane (k_), cathode (I%), and drift electrode (Va) potentials in a typical gas,

microstrip detector, Equipotentials for one-half of an active cell are drawn, giving
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adapt an existing readout design for test measurements using components from the

SVX project.

The equipment is a mixture of commercially available components and some spe-

cific equipment developed at Lawrence Berkeley Laboratory (LBL) and at FNAL.

Dr. Tipton has headed the SVX project for the past two years as a Wilson Fellow

and visiting scientist at Fermilab, and will provide contact with the expertise of the

SVX group. Once the basic electronics have been procured, we will begin a set of

measurements to compare performance of various gas microstrip devices in terms of

gain, surface resistivity, high rate performance, and resolution, with several strips

from multiple devices instrumented in a "telescope" fashion.
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Task 1-3: CVD Diamond Detector Development

Kanda and 01sen are engaged in R&D on the use of chemical vapor deposition

(CVD) diamond films as a radiation detection medium. This work is supported in

part by the Texas National Laboratory Research Commission. Because of its large

radiation hardness, diarnoild is a very attractive material for use at the SSC. At the

same time, the recently developed process of diamond growth by the CVD process

allows for the economic production of the necessary large areas of diamond films.

The CVD technology is still developing and there are a large number of parameters

in the process which need to be optimized. We have measured the response of about
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50 CVD diamond films to ionizing radiation to determine which choice of the growth
parameters lead to the highest detector-quality.

Sample films with thickness ranging from 90 to 500# and areas from about 9 to
16 mm 2 were available from 5 manufacturers. Ohmic electrodes were formed on both

faces of thediamond films through evaporation of titanium and gold. For the beam
test, each diamond film was placed between two silicon detectors with active areas
of 16 mm _. This detector arrangement was then positioned in a 5 GeV electron test
beam at the TRISTAN Accumulation King at KEK. In order to enhance the size of
the signal, a 2 cm thick lead plate was placed between the upstream silicon detector
and the diamond. The average number of shower particles which passed through
each diamond was calculated using EGS. This number depends upon the area of each
diamond film but is typically about 10.

The induced charge measured on the electrodes, Q, is given by

= d_ exp( Y - _

where n_/h is the number of electron-hole pairs per unit length, a is the distance
between electrodes, z .is the point of ionization, and A is the collection distance;
the average distance traveled by free carriers in the diamond. When ,_ << a, Q is

approximately given by Q = _n,/h. We determined n,/h by calculating the energy
deposit using EGS and by using the value of one electron-hole pair produced per 13
eV of energy loss. The collection distance can then be determined from the above
formula. The results for the best sample from each of 3 manufacturers is shown in
Fig. 1. The values for these samples are in the range of 5 to 10#.

The collection distance for all samples measured increases with increasing electric
field. This is partially explained by the increase of the drift velocity with increasing
field. For natural diamond, the drift velocity increases up to an applied field of

about 20 kV/cm at which points it saturates. Therefore, we would expect to see
a saturation of the collection distance at around 20 kV/cm. However, _dl samples
show an increase in pulse height up to the field at which breakdown of the sample
begins to occur. Above breakdown, the pulse height saturates or in some cases even
decreases. An example of this is given by the upper set of points in Fig. 9. These
show saturation at around 20kV/cm which is the point of the onset of breakdown for
this particular sample.

The results of the sample tests have been communicated back to the manufacturers
who will u,_e it to tui_e the parameters of the film growing process. Further tests of
new samples are planned for the coming year.
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Fig. g, The collection distance vs. applied electric field for CVD diamond samples from
three manufacturers

Task I-4: Feaslbiltiy Studies of Physics with Neutrinos Originating from

the High Luminosity IR's at the SSC
(Participants: Prof. A. Bodek, Prof. A. Melissinos, Prof. S. Olsen, Mr. P, Koehn)

We are investigating the physics topics associated with the detection of neutrinos
from tile high luminosity ]R's at the SSC. The are two avenues of investigation. The

first is using the neutrinos as a signature of physics occuring in the primary p-p
collisions, The second using the neutrinos as a beam to do neutrino physics at high
energies.

In the forward direction, Neutrinos at the SSC are primarily prompt neutrinos

originating from tile production of charm particles. At larger Pr, the neutrinos also
orginate from the production of bottom mesons. The production of charm particles
in the forward direction is dominated by glue-glue processes, primarily very low
gluons. Therefore, the spectrum of the forward neutrinos (and forward muons) yields
information on the very low a gluon distributions which is not accessible at larger Pr.

A detector in the forwarct direction will be able to observe both the muon and

the neutrinos associated with the decay of charm mesons. In addition, the rate for
electron and muon neutrinos should be the same, thus providing various checks on the
measurement of the forward production of charm and the low • gluon distrbutions.
Such a detector can be very similar to the CCFR neutrino detector at FNAL, and
one can consider using parts of existing detectors at the SSC.

Doing neutrino physics with the neutrino beam is a more difficult experiment. The
neutrino spectrum consists of muon neutrinos, electron neutrinos and a small, but
significant fraction of tau neutrinos. The discovery of the tau neutrino, and physics
with tau neutrinos would require a much more sophisticated detector.
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The number of high energy muon and electron neutrino events from the IR's is
of order a few times 104 , Therefore the physics Mth such a number of high energy
muon and neutrino events needs to be compared to the physics that one can do with

the lower energy but higher statistics phase II part of E815 (see Task D, structure
function task), or with physics that can be done with a large number of neutrinos
from a gas jet target at the SSC, or from the 2 TeV ring at the SSC operating for
fixed target experiments,

Talks and Related Activities, Task I

Prof. Bodek is a member of the Tile Calorimetry Task Force for the Solenoidal

Detector Collaboration (SDC). He also gave a talk on the development of scintillating
tile calorimetry at the SSC Physics Symposium in Wisconsin in February of 1991,

Dr. Sill is a member of the Intermedlate-angle Track Detector working group and
served on the editorial committee for the Conceptual Design Report of the ITD to
SDC, He has given reports to several collaboration meetings throughout 1991 and
1992. He has presented invited talks at Johns Hopkins University, the University of
Pittsburgh, Glasgow University, Liverpool, Oxford, and Rutherford Appleton Lab on
the subjects of precision track measurement and gas microstrip detectors,

Dr. de Barbaro gave a report on SDC hanging-file calorimeter test beam results
to the 1991 Pisa Meeting on Advanced Detectors, He also presented a report on test
beam results to the SDC Executive Committee.
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1201, Proceedings of the International Conference on Calorimetry in High En-
ergy Physics, 29 Oct. - 1 Nov. 1990, Fermilab, Batavia, IL, p337, World
Scientific Press, 1991, Anderson et al.(ed.).
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SDC, May. 1991, Univ. of Rochester preprint UR-1229; Proceedings of the Sth
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Jan. 1991, SDC-92-00171, Univ. of Rochester preprint UR-1246.
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5. S. Kanda, Developmentof Diamond Radiation Detectors, Proceedings of Par-
ticles and Fields '91, pg. 1121, Axen, Bryman, and Comyn, editors, World
Scientific 1991.

6. ]t. Kagan, DIAMAS: A Diamond Based Detector for the SSC, Proceedings of
Particles and Fields '91, pg, 1121, Axen, Bry,nan, and Comyn, editors, World
Scientific 1991,
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7, hl, Franklin, et al,, Developmen_ of Diamond Radiation De_ec_ors for _he SSC

and LHC_ submltted for publication to Nuclear Instruments and Methods, 1991,
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Task St General

The "General" task budget includes the salaries of the administrative support staff,
,

maintenance and personnel for the VAX cluster computer system, monies for shop services

and salaries for the experimental principal investigators, The support staff includes one

full-tlme adnfinlstrator, two full-time secretaries and two part-time secretaries who are

partially supported by the University and the theoretical nuclear theory group. The system

management for our VAX cluster is provided by a half-time research assoc,ate and an

assistant system manager. The assistant system manager is included in the shop budget,

All computer facilities are shared with the NSF-supported high energy group and all costs

are shared, We are major users of the physics department shop services and agree to a

minimum level of support each year, which is budgeted in the General task,

Funds for the Computer System

A primary function of the General task is to provide computing facilities at Rochester

to support our research program. Currently, the VAX system consists of a VAX 8800

mainframe, purchased in 1987, that is linked by Ethernet to seven workstations. The total

computing power is approximately 25 MIPs. For mass data storage, we have a total disk

space of about 7 Gigabytes and two 8 mm cassette and one reel-to-reel (6250 bpi) tape

drives. We are linked to the high energy physics net by a 56 kbaud leased line.

While this system is adequate for our present needs, the computing tools required to

remain efficient and productive in high energy physics continue to change. Therefore we

are requesting $100K of equipment funds for 1993 to upgrade the system to match our

anticipated computing needs.

During the next five years, the primary use of the Rochester VAX system will be the

anaJysis of the data from both the D-Zero and CDF experiments, and the running of Monte

Carlo simulations as part of the planning, design, and optimization of SSC experiments.

Much of this will be done in Rochester: in 1993, the CDF group will have four faculty and

two students and D-Zero will have three faculty and two students resident in Rochester.

We can use the evolution of the CDF data processing needs as a model of the upgrades we

will have to makc. The CDF event size for the 1992 run will be almost 50% larger than

that for the 1989 run. Typical event analysis processing time also will increase by 50%.

In addition, the number of interesting events (top candidates, b-quark decays) will scale

with, or outpace, the increase irl luminosity, which is expected to be a factor of five. Future

Tevatron improvements are sure to bring even larger datasets in future runs. The need to

: keep pace with these increased demands for disk space and CPU is therefore evident,
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Fortunately, with the advent of distributed computing, workstations, and RISC tech-

nology, and the decreased price of mass storage devices, large increases in CPU power and

data storage capacity can be made incrementally and at relatively low cost, Thus, rather

than changing the entire system, we propose to continue to upgrade the existing computer

system at Rochester by adding more distributed computing, including workstations and

low cost disks, We expect the increase in the cost-performance of commercially available

wcrkstatlons and disks will continue and the upgrade costing $100K in 1993 will provide

the increases in computing power and disk space that will be needed at Rochester for the

near future, In choosing these systems, we rely heavily on the expertise and experience of

the Fernfilab computing division and will acquire devices that are compatible with both

CDF and D-Zero offiine systems and are well supported by Fermilab, Our current plan

for the first year of this upgrade consists of adding the following equipment to our current

system:

Quantity Equipment Cost

5 DEC VAXStations 4000, Model 60 with 8MB

4-Plane 1280 x 1024 19" Monochrome Monitor,

SCSI Controller, Thinwire/Thickwire Ethernet $30,000

5 VAXStation 4000 Memory Upgrades, 32MB 10,000

4 WREN VII 1GB Hard Disks in Enclosure

w/External SCSI 10,830

2 TTI Tape Subsystem, Helical Scan, 8MM Cartridge,

Tape Drive 6,500

1 Hewlett Packard Laserjet IIISi Printer w/Postscript 4,400

4 NCD19 X-Terminals, RAM Based, Monochrome 10,000

4 NCD17 X-Terminals, 17C RAM Based, Color 12,000

3 Clearpoint Memory Upgrades, 32MB 6,500

] Ethernet Router 4,370

2 Ethernet Bridges 4,200

2 Ethernet Transceivers __1 200

TOTAL $100,000
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Theoretical Physics (Task A)

Summary of ttle activities of the Theoretical High Energy Physics Group

at Rochester during 1991-1992.

Introduction:

The high energy theory group at Rochester presently consists of five faculty (Pro-

lessors A, Das, C, R, Hagen, S. Okubo, S, Rajeev and Senior Research Associate \1. S.

Mathur), two Rescarch Associates (Drs. Y, Liang and Z, Yang) and four Graduate Stu-

dents (Messers. P, Bedaque, G. Ferretti, W. J, Huang and O. T, Turgut). Dr. Z Yang

joined the group in the Fall of 1991 when our former research associate, Dr. R. Tzani,

left for a post doctoral appointment in the University of Madrid. In addition, one of our

graduate students, Mr. Shibaji Roy, completed his Ph.D. in the Spring of 1991 to go on

to a post doctoral position at the International Centre for Theoretical Physics, Trieste. In

the Fall of 1991 we hud a visitor, Dr. J. Barcelos-Neto, from Brazil supported by the funds

of the Brazilian Government and he spent a semester here. Currently, we have a second

visitor, Dr. C. A. P, Galvao, also from Brazil with Brazilian funds, who will spend a full

year here at Rochester.

Tile main research interests of thc group broadly fall into the following areas.

1 Field Theory

2 lntegrable Models

3 Mathematical Physics

4 String Theory, 2D Gravity Theory and Matrix Models

5 Large N Theories

6 2 + 1 Dimensional Field Theories

In what follows, we will list the publications by the members of the group during 1991-1992

arid dcscribe briefly the future plans for research.
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Published Works Durlng 1991-1992z

1 Integrable Models and Spin Algebras

A, Das and S, Roy

Inr, J, Mod, Phys, A6, 1429 (1991),

2 The Zero Curvature Formulation of the Boussinesq Equation

A, Das, W, 3, Huang and S, Roy

Phys, Left, A153, 186 (1991),

3 Covariant Lax Operator and the Kac-Moody Algebras

A. Das and S, Roy

J. Math, Phys. 32,869 (1991),

4 The Supersymmetric Boussinesq Equation

A, Das, W. J, Huang and S, Roy

Phys, Left, A157, 113 (1991),

5 A Geometrical Formulation of Fermionlc Integrable Systems

A. Das, W, J, Huang and S, Roy

J. Math. Phys. 32, 2733 (1991),

6 Generalized Schwinger Model and a Theory of Interacting Pilotons

A, Das, P, F. Bedaque and W. J. Huang

Phys, Rev. D44, 1818 (1991),

7. The Hamiltonian Structures of the KP Hierarchy

A. Das, W. J. Huang and S. Panda

/ Phys, Lett. B271, 109 (1991).

8. Zero Curvature Condition and 2D Gravity Theories

A. Das, W. J. Huang and S. Roy

Proc. Eleventh MRST Meeting, 1991.

9. The Super I¥_ Symmetry of the Manin-Radul Super KP Hierarchy

A. Das, E. Sezgin and S. J, Sin

Phys. Lett. B277, 435 i1992).

10. Introduction to Gauge Theories and Unification
A. Das

Proc, ASI, St. Croix, Plenum (1991).

11. Comment on "Soliton Solutions to the Gauged Nonlinear SchrSdinger Equation on
the Plane"

C. R. ltagen

Phys. Rev. I.ett. 66, 2681 (1991).
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12, Spin Dependence of the Aharonov-Bohm Effect

C, R, Hagen

Int, J, Mod, Phys, A6, 3119 (1991),

13, Comment on "Statistics Transmutation in Maxwell-Chern-Silnons Theories"

C, R, Hagen

Phys, Rev, D44, 2604 (1991),

14, Spin and the Aharonov-Bohm Effect,

C, R, Hagen

_Quantum Coherence, World Scientific, (1991),

15, Construction of Anomaly Functional and Current Algebra

L, N, Chang and Y, Liang

Phys, Left, B268, 64 (1991),

16, Schwinger Terms in Charge Density Commutators

L, N, Chang and Y, Liang

Phys. Rev, D45, 2121 (1992),

17, Extensions in 4D Current Algebras

L, N, Chang and Y. Liang

The Vancouver Meeting-Particle and Fields '91, World Scientific (1992),

18. What are the Antiparticles of KL,S?

\:, S, Mathur and S, Rajeev

Mod. Phys, Left, A6,2741 (1991).

19, Real Representation of Finite Clifford Algebras, I, Classification
S. Okubo

J. Math. Phys. 32, 1657 (1991).

20, Real Representation of Finite Clifford Algebra, II, Explicit Construction and Pseudo-
Octonion

S, Okubo

3. Math, Phys, 32, 1669 (1991).

2]. Some Comments in Reai Clifford A]gebras
i

S. Okubo

Q_larks_ Symmetries, and Strings, World Scientific (1991).

22. A B RST-like Operator for Space with Zero Curvature but Non-zero Torsion Tensors
S. Okubo

Cen, Rel. and Gray, 23,599 (1991).



23, Kac-Moody and New Infinite Dimensional Lie Algebra
S. Okubo

J. },lath. Phys. 32, 3aa3 (1991).

24. Nijenhuis-Bianchi Identity and BRST-like Operator
S. Okubo

J. Math. Phys. 33,895 (1992).

25. Embedding Yang-Mills Theory Into Universal Yang-Mills Theory

S. G. Rajeev

Phys. Rev. D44, 1836 (1991).

26. Matrix Models with Global SO(3) Invariance

G. Ferretti and S. G. Rajeev

Proceedings of the XXth Conference on Differential Geometric Methods in Physics

World Scientific (1992).

27. Two Dimensional Meson Theory

S. G. Ra jeer

Proceedings of the Summer School on High Energy Physics and Cosmology, Trieste

World Scientific (1992).

28. Anomalous Scaling of Strong Interactions at Low Energies

S. G. Rajeev

Proceedings of the ICTP Workshop on Superstring, World Scientific (1992).

29. BRST-light-cone Quantization of the Bosonic String Lagrangian
R. Tzani

Phys. Rev. D43, 1254 (1991).

30. Topological Actions in the Stochastic Quantization Method

R. Tzani and A. P. Polychronakos

Phys. Lett. B259, 291 (1991).

31. Local and Global Anomalies in the Stochastic Quantization Method

R. Tzani and A. P. Polychronakos

Phys. Lett. B259, 298 (1991).

32. Dynamical Loops in D = 1 Random Matrix Models

Z. Yang

Phys. Lett. B257, 40 (1991).

aa. Vortices in the Abelian Chern-Simons-Higgs Model and Duality in Anyon Supercon-

ductivity

Z. Yang
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34, Correlation Functions in D = 1 Random Surfaces from Effective Field Theory

Z. Yang

Phys. Left. B255, 215 (1991).

35. Translation-Invariant Backgrounds in 1+1 Dimensional String Theory

D. Minic, J. Polchinski and Z. Yang

Nucl. Phys. B369, 324 (1992).

3_. Is S= 1 for c=l?

D. Minic and Z. Yang

Phys. Lett. B274, 27 (1992).

V_Torks (during 1991-1992) Submitted or to Appear"

1. Zero Curvature Condition and 2D Gravity Theories

A. Das, W. J. Huang and S. Roy

to be published in Int. J. Mod. Phys. A.

2. Zero Curvature Condition for OSp(2/2) and the Associates Supergravity Theory

A. Das, W. J. Huang and S. Roy

to be published in Int. J. Mod. Phys. A.

3. Temperature Dependent Anomalous Statistics
A. Das and S. Panda

to be published in J. Phys. Lett. A.

4. On the Zero Momentum Limit of Feynman Amplitude at Finite Temperature

A. Das and P. F. Bedaque

to be published in Phys. Rev. D.

5, The Hami]touian Structures Associated with a Generalized Lax Operator

A. Das and V_::'.J. Huang

to be published in J. Math. Phys.

6. A Note on Supersymmetric Gelfand-Dikii Brackets

A. Das and W. :I. Huang

to be published in Mod. Phys. Lett. A.

7. On the Bi-Hamiltonian Structures of the sKdV

J. Barcelos-Neto and A. Das

to be published in J. Math. Phys.

8. The Zero Curvature Formulation of the KP and the sKP Equations

J. Barcelos-Neto, A. Das, S. Panda and S. Ro)'

to be published in Phys. Lett. B.



9. Chiral Symmetry Breaking in Matrix Quantum Mechanics
G. Ferretti

submitted to Phys, Lett, B,

10, Comment on "Berry's Phase and Persistent Charge and Spin Currents in Textured

Mesoscopic Rings"

C, R. Hagen

to be published in Phys. Rev. Left.

11. Parity Conservation in chern-Simons Theories and the Anyon Interpretation

C, R, Hagen

submitted to Phys. Rev. Left.

12. Comment on "Topological Interpretation of Electric Charge and the Aharonov-Bohm

Effect in 2+1 Dimensions"

C, R. Hagen

submitted to Phys. Rev. Left.

13. Irregular Solutions in the Aharonov-Bohm Scattering of a Dirac Particle

C. R. Hagen

submitted to Phys. Rev. A.

14. Chiral Cocycles and Current Algebra

L, N, Chang and Y, Liang

to be published in Proc. XX Intl. Conf, on Differential Geometric Methods,

15, Topology in Quantum Mechanics

L, N. Chang and Y. Liang

to be published in Quantum Non-Integrability, World Scientific.

16. Novel Facets of the Non-Abelian Anomaly

L, N. Chang and Y. Liang

to be published in Int, J. Mod. Phys. A.

17. Central Charge and a-Torus Groups

Y. Liang

UR.-1216 submitted to Lett, Math. Phys.

18, A Modified Gerasimov-Drell-Hearn Sum Rule from Extended Current Algebras

L. N, Chang, Y. Liang and R. Workman

subn_tted to Phys, Rev. Lett,

19, Existence of Gauge Field in any Partially Integrable Systems
S, Okubo

to be published in J, Math. Phys.



20, Continuous Integrable Systems with Multi-Poisson Brackets
S, Okubo

to be published in J, Math. Phys.

21. Poisson-brackets and Nijenhuis Tensor

S, Okubo

to be published in the Proc, of Workshop in Honor of Prof, E, G. C. Sudarshan's

Contribution to Theoretical Physics,

22. Argument for the Non-existence of the Strong CP Problem in QCD
S, Okubo and R, E. Marshak

to be published in Prog. Theor. Phys,

23, Non-Commutative Generalizations of Yang-Mills Theory

S, G. Rajeev

to be published in the Proc, Lepton-Photon Symposium 1991,

24, Effective Superstring

Z, Yang

to be published in Nuc. Phys, B,

25. A. Remark on Conformal Anomaly and Extrinsic Geometry of Random Surfaces

Z, Yang

to be published in Phys, Lett. B.

26, A Possible Black-Hole Background in c = 1 Matrix Model

Z. Yang

UR-1251 submitted to Mod. Phys. Lett. A.

27. High Temperature Partition Function of the Rigid String

J. Polchinski and Z. Yang
UR-1254.

List of Seminars During 1991-1992

A. Das

Mar 13 1991 Cornell University

Zero Curvature Condition and 2D Gravity Theories

Mar 20 ] 991 VPI

Zero Curvature Condition and 2D Gravity Themies

Mar 25 1991 University of Montreal

Zero Curvature Condition and 2D Gravity Theories
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Ma)' 6 1991 Institute of Physics, India

A Geometric Formulation of Integrable Models

Ma)' 9 1991 Institute of Physics, India

Zero Curvature Condition and 2D Gravity Theories

June 19 1991 University of Heidelberg

Zero Curvature Condition and 2D Gravity Theories

June 20 1991 University of Heidelberg

A Geometrical Approach to Integrable Models

June 21 1991 University of Clausthal

Zero Curvature Condition and 2D Gravity Theories

June 28 1991 ICTP, Trieste

Introduction to Supersymmetry

Sept 25 1991 University of Rochester

Geometry and Integrability

Oct 28 1991 Syracuse University

Hamiltonian Structures for a Generalized Lax Operator

Apr 11 1992 SUNY at Brockport

Beyond the Standard Model

Apt 21 1992 Texas A & M

Hamiltonian Structures for a Generalized Lax Operator

C. R. Hagen

Apr 23 199! University of North Carolina (Chapel Hill)

Anyons, Fractional Statistics, and Other Myths

Sept 16 1991 University of Texas

So Who Needs the Anyon?

Y._Lian_g

Apr 25 1991 HLRZ, KFA J/ilich, Jfilich, Germany

Central Charge and Current Algebra

June 1991 XX International Conference on Differential Geometric Mettlods irl

Theoretical Physics, New York

Anomalous Charge Density Commutator and Non-Abelian Phase

Winding
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Aug 1991 Particle and Fields '91, Vancouver, B.C., Canada

Extensions in Current Algebras

S. Okubo

Sept 16 1991 University of Texas, Austin

Poisson-Brackets and Nijenhuis Tensor

S. Ra ]eev

Feb 1991 University of British Columbia

Non-Perturbative Approaches to Gauge Theory

Feb 1991 Simon Fraser University

Bose-Ferrrfi Correspondence and Number Theory

Feb 1991 Fermi National Accelerator Laboratory

Matrix Models for Gauge Theories

Apt 1991 Series of talks at Cal Tech

Non-Perturbative Approach to Gauge Theories

Apt 1991 University of Southern California

Matrix Models for Gauge Theories

Apt 1991 University of California- Los Angeles

Matrix Models for Gauge Theories

June 1991 Invited talk at the XXth Differntia] Geometry Conference, Baruch

College, New York

Matrix Models with GlobM SO(3) Invariance

July 1991 Invited talk at the Lepton-Photon Symposium, Geneva, Switzerland

Non-Commutative Generalizations of Yang-Mills Theory

Aug 1991 Lectures at tile Summer School on ttigh Energy Physics and Cosmol-

ogy, ICTP, Trieste

Two-Dimensional Meson Theory

Aug 1991 Invited talk at the ICTP Workshop on Superstrings

Anomalous Scaling of Strong Interactions at Low Energies

Sept 1991 Lectures at the Helsinki-Leningrad Summer School, University of tlelsinki

Meson Theory and QCD



Z. Ya.ng

Dec 2 1991 Brandeis UnlversJty

Conformal Anomaly and Extrinsic Geometry of Random Surfaces

Mar 2 1992 Syracuse University

Conformal Anomaly and Extrinsic Geometry of Random Surfaces

}

Future Research Plans:

Theoretical physics often changes direction quite unexpectedly, Therefore_ it is irl

general difficult to predict the future research plans, However, here is a brief summary of

what each member of the group is tentatively planning to do in the coming year,

A. Das

We expect to continue working on various questions in integrab]e systems in 2+1

dimensions, We also plan to analyze some questions in finite temperature field theory and

large N field theories,

C. It. Hagen

We are currently investigating various questions in Chern-Simons theories such as the.

quantization of coupling constant as well as the role of spin in such theories, We also expect

to examine the relationship between the conventional calculations of the Aharanov-Bohm

effect and the field theoretic calculations,

Y. Liang

\Ve expect to continue work on the applications as well as the properties of the 3+1

dimensional current algebra,

V. S. Mathur

We have recently reinvestigated the non-leptonic decays of charmed mesons using the

vector dominance hypothesis. We are considering the extension of this hypothesis to B-
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meson decays and plan to use the modified current algebra techniques involving hard pions

to study the non-leptonic decays of D and B mesons,

S. Okubo

We plan to exanfine the question of reformulation of general relativity and Yang-Mills

theories in terms of non-associative algebras whose automorphism groups play the role of

gauge groups,

S, Ra jeer

\Ve are interested in the non-perturbative rnethods in Quantum field theory, We are

studying the 2-dimensional QCD as atoy model to understand various properties, Ttlis

also involves applications of the large N techniques, Furthermore, we are also analyzing

the three dimensional QCD from the effective Lagrangian point of view, lt appears to

point to a connection with the theory of Cooper pairs in high Tc superconductors,

.Z_. Y_a_

\Ve are interested in deriving the ft-function for Green's Dirichlet string, In addi-

tion, we are an_yzing with S, Rajeev low dimensional QCD with possible application to

anl ire rrom agnet s,
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