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TECHNICAL PROGRESS REPORT 

I. INTRODUCTION: 

.During 1979, the research program in experimental high energy physics 

at The Rockefeller University has made substantial contributions to the under
standing of both strong and weak interactions. The new results have been re

ported at several international conferences and some of them are now published 

or h.ave been distributed as technica·l reports. A 1 ist of the published work 
is attached as Appendix A. 

The principal Laboratories which have beeri utilized in this work are 
the 500 GeV accelerator at Fermi lab and the Interacting Storage Rings facil i.ty 

at CERN. The latter is a facility unique in the world which provides the highest 

available energies for proton-proton collisions. 

The results of the individual experimental projects obtained during 1979 

are described in some detail below. Section II discusses the experiment at the 

CERN ISR; Section IIIdiscusses the three research projects at Fermilab. 

II. RESEARCH PROGRAM AT THE CERN ISR: 

Routine data taking of the CERN-Col~mbia-Oxford-Rockefeller experiment 

R-108 at the CERN ISR continued in 1979 with the same running conditi~ns as in 

· 1978. Data tak~ng was completed on July 16, 1979. 

A modification of the apparatus used in experiment R-108 which extends 

the region of photon and electron detection to the entire azi~uth, complementing 

the full azimuth charged partitle detection already available, was proposed on 

February 28, 1979 and approved on March 23, 1979. This new configuration (R-110, 

Figure 1) provide~ a factor of ~ 4 increase in ac~eptance for the detection of 

. + -e e pairs. The new shower counters are mad~ of conventional lead and sciritil-

later. The experiment has been installed in the ISR and is now in the testing 

stage. An enormous amount of support was pruvi~~d by CERN in order to get the 

experiment installed in such a short time. 
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Results in 1979 -

a) + -e e Pairs: The analysis has been completed and the first results 

have been pub 1 i shed [Rockefe 11 er University Report No. C00-2232A-82 and Phys. 

Letters 878, 398 (1979)].· For an integrated luminosity of 8.5 ·x 1037 cm- 2, 

corresponding to iv 1 calendar year of data taking, a total of 40 events of the 

reaction T + e+e~ were obtained above the continuum background. The cross 

section for the T, Tl and T11 resonances observed at IS = 62.4 GeV is B dol 

10-36 cm2 
dy y=O 

9 ± 2 X which is in good agreement with preliminary results of 

another ISR experiment 1 but is considerably lower (by a factor of 7) than an 

older ISR result 2
• Insight into the production mechanisms of the J/~ and T 

resonances is gained by plotting the production cross section B dol as a 
dy y=O 

function of M/IS (Figure 2) .. The shape of the two· resonance excitation curves 

is the same as a function of M/IS but the magnitude of the cross sections 

differs by a factor of "'500. 

Measurements of the .e+e- continuum ~or masses >6.5 GeV/c2 have also 

·been obtained at IS= 62.4 GeV. These are shown in Figure 3 along with data 

from Fermilab 3 at lower IS values, plotted in the form 

(IS) 3 ciza ~· 
. dmdy y=O 

which should hP. il 1mique function of M/IS if Dre.ll-Yan scaling is valid. The 

+ -ctatn nre in reasonable agreement with this prediction .. The <pr> values of e .e 

pair production are shown in Figure 4. The trend for <pT> to increase with IS 

at fixed mass, as observed at Fermi'lab 3
, is clearly continued in the ISR·energy 

range. 

= 
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b) Particles Associated with High pT n° Triggers: Final analysis 

of the results presented at the Copenhagen Jet Conference and in Tokyo in 1978 

has been completed and submitted for publication to Phys. Letters (Rockefeller 

University Report No. DOE/EY /2232A-85). These result_s show that charged 

particles are produc~d al6ng with a high pT n° in two jets, one along the n° 

and one nearly opposite in azimuth. _The two jets are not collinear in azimuth 

and thus have a net transverse momentum component <kT> out of the scattering 

plane. This component can be determined without fully reconstructing the jets 5 

by plotting the average transverse momentum component <IPoutl> of individual 

particles perpendicular to the scattering plane as a functi~n of the ~agmenta

tion variable xE. As a by-product, one component of jet fragmentation trans--
/ 

verse momentum <ljTcpl> is also obtained. The results given in Figure 5 show 

that <kT> increases nearly linearly with triggering transverse momentum pTt and

is thus most likely a-higher order Quantum Chromodynamic effect 6
• 

c) _Direct Singley Rays: Recently there has been great interest in 

this process because of the prediction 7 of the QCD Compton effect, i.e., the 

constituent reaction quark + gluon +quark+ y-ray. The beauty of this reac

tion as a hadronic probe is that y-rays can emerge freely from inside_a hadr6n. 

No rigamarole about jets and "fragmentation is required. In principle, the 

only unknown quantity is the gluon distribution inside· a proton. 

Single· y-rays and n° + yy can not be geometrically resolved in this 

experiment. However, the statistical division of a given sample into the frac

tion of single y~rays and the fraction of n° + yy i~ accomplished by measuring 

the average conversion probability for the sample in a one radiation length 

thick converter. The preli-minary result (Rockefeller University Report No. 

COO-i232A-81)_for inclusive y/n° is shown in Figure 6 compared to some 



theoretical predictions. While the data are not good enough to prove the 

existence of a direct single y-ray signal, it is.clea~ that all calculations 

except (d) and (e} are excluded. These curves are due to the McGill Group 8 

and use scale-violating structure functions, with the ~luon distribution 

taken as (1-x) 4 in (d) and (1-x)5 in (e). It is hoped that continued work 

5. 

will lead to improved experimental errors so that quantitative measurements of 

the gl~on structure.fuhction of the proton can be obtained. 
' . 
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III. RESEARCH PROGRAM AT FNAL: 

A. Hadron Dissociation -

The analysis of Fermilab Experiment #396, designed to measure the 
+ + + elastic and diffractive dissociation cross sections of u-, K- and p- on p for · 

0.03 < iti < 0.1 (GeV/c) 2, continued during 1979. An extensive study was 

performed of the proper parametrizations and calibrations of the various parts 

of the apparatus, the drift-chambers, recoil counters, multiplicity counters 

and lead-glass blocks. After completing this tedious work we turned to ex

tracting the slope dependence of the elastic cross sections. During ·the past 

year great interest developed in the slope of the u-p+ u-p cross section in 

our t range because measurements below and above this range indicated a sharp 

break in the slope. Such a break would violate unitarity [see S.M. Roy, Phys. 

Lett. 43, 19 (1979)]. Our data show no sign of a break (see Figure 1) and we 

can indeed fit all existing data with a slope that is a gentle function of t 

(see Figure 2), consistent with unitarity. Thus, perhaps unfortunately, the 

elastic data present no urgent theoretical challenge but our results do fill 

i~portant gaps and extend the measurements to higher energies. 

Besides their _intrinsic interest, the elastic events provide an impor-

tant tool for checking the quality of our data since their behavior in our 

apparatus can be easily understood. Previously measured slopes of pp + pp 

elastic cross sections are in excellent agreement with our results. However, 

the elastic events did reveal to us a probelm which tends to bias the inelastic 

cross sections. Cuts made in· the initial tape compression to reject unwanted 

background also removed an excessive number of good events with extra hits in the 

drift chambers. These events can be recovered by passing through the raw data 

tapes again. We are presently processing these tapes and·expect to complete the 

analysis early in 1980. 
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B. Photon Dissociation -

The first half of last year was spent in finalizing the design of the 

major components of the apparatus (TREAD - The Recoil Energy and Angle Detector) 

which is to be used in the measurement of the diffractive dissociation of photons 

on hydrogen at the tagged photon beam of Fermi lab (E-612). The constr·uct ion of· 

these components was contracted to outside companies while at Rockefeller Uni

versity, we proceeded to work on the design and construction of the smaller · 

components needed for TREAD. A progress report that includes the planning mile

stones for E-612 was prepared recently for Fermilab and is included here as 

Appendix B. We expect to have the entire apparatus ready for testing in the 

spring of 1980. 

C. Neutrino Interactions -

The neutrino program has been very active this past year. The data 

taken during a short run in the summer of 1978 (E-356) have been analyzed. In 

addition, we are presently in the middle of a major data taking run~. the 

primary purpose of which is the measurement of the nucleon structure functions 

(E-616). Measuting the nucleon structure functions using neutri~os as probes 

should enable us to make quantitative tests of QCD. 

The neutrino detector is shown in Figure 1 and is described briefly 

in the figure caption. The data for E-356 were taken using the dichromatic 

beam at Fermilab. This beam allows the measurement of flux normalized cross 

sections. Data were taken at each of two beam settings, 200 GeV and 300 GeV~ 

allowing us, because of the dichromatic nature of the beam, to measure cross · 

sections between 65 and 260 GeV. Preliminary results of this measurement are 
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shown in Figure 2 along with previous results at lower ehergies. Our:results 

are consistent with the neutrino cross section continuing to rise linearly with 

energy up to 260 GeV. 

A very significant measurement in high energy neutrino physics is the 

determination of the nucleon structure functions (F2, xF 3 , and FL) which des~ 

cribe the nucleon in terms of point-like constituents and their interactions. 

Recent QCD theories.make predictions about these structure functibns. Although 

some of the features of QCD have been qualitatively observed, quantitative 

corroborations have not been made. 

In view of this situation, the major purpose of the data run which we 

began this past summe~ is to make sufficiently accurate measurements of the 

nucleon structure functions to provide a clear and definitive·test of QCD. We 

have been approved for 2 x 1019 incident protons (0.03 milligrams) to make this 

measurement. The data taking was split into two runs, the first.of which is 

now just ab6ut compl~te and should result in ~ 100,000 neutrino and antineutrino 

induced events. We expect that these events along with the expected accuracy in 

neutrino flux normalization will enable us to make significant tests of QCD. 
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FIG. 1 - This detector consists of 
six instrume nted target carts having a 600 
ton ·fiducial .volume followe ~ by three in
strumental toroidal magnets . . Scintillatiori 
counters measure the hadron energy and spark 
chambers measure the muon trajectory. The 
toroids measure the muon mo me ntum and al so 
serve as a target. 
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