
$ i
BNL-20351

The BML Multipartlcle Spectrometer (MPS) Program"

An invited paper presented at the

Argonne National Laboratory Sunmer Symposium

"New Directions in Hadron Spectroscopy"

July 7-10, 1975

by

William A. Love

Brookbaven National Laboratory

Work performed under the auspices of the Energy Research and
Development Administration

• NOTICE
7IA report wti preptied it an aocwni of work
ifMniorcd by the United Suta Gomamcnt. Neither
the Viirted S.IIM nor the United Sur« Energy
Reteircn and Development Adniniitnilon, nor any of

I their enploym, nar tny of (heir cortlractoti,
lubcontn-rfon, or their crnployeta, mltet my
wirnnty, cxpreM or implW, or •numet any \r%tl
UbOity at tc*patuibility fot ifce accuracy, complefeMit

, of uieMflcii of any [nfotrmtion, apputnu, product or
f proctM dkdowt, or reprettnti that Iti UM would no:
1 biAfme prirtfily owned tifhu.

DISTRIBUTION Q£ THIS DOCUMENT IS UNUMHtli

•X.



The BNL Multiparticle Spectrometer (MPS) Program

William A. Love

A. THE MPS

In the past several years many of the large accelerator laboratories

have constructed or have begun construction of large solid angle spectro-

meter systems (CERN's Omega, SLAC's LASS, Rutherford'r RMS). At Brookhaven

this efforc is called HFS (for Multi-£article .Spectrometer) and is being

operated as a user facility by members of the Physics and Accelerator

Departments with considerable assistance from the university user community.

The list of people and institutions involved in the work reported here is

given in Table I. The spectrometer consists of a large C magnet located

in one corner of the EEBA building at the end of one branch of the Medium

Energy Separated Beam (ilESB). I will proceed to describe the state of the

spectrometer as of April 1975, although considerable augmentation and im-

provement is projected for the near future.

I. The magnet (Figs. 1 and 2) is a C with poles 1.83 m wide by 4,57 m

long with a vertical separation of 1.22 m. Except for 3-20 cm diameter

stainless steel columns, the west side is open to provide access for de-

tectors and egress for particles.

The top pole and yoke have 12 slots 12.7 cm X the full width of the

pole for the introduction of chamber modules whose magnetostrictive read-

out lines are located in the low field region above the magnet.

II. The HESB is designed to separate K's and IT'S up to about 5 GeV/c and

p up to the maximum transportable momentum, which is about 8.7 GeV/c. The
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final spot size 11 x V at the MPS hydrogen target was 1.2 cm x 2.6 cm

at 8.7 GeV/c and 1.8 cm x 4.0 cm at 4.0 GeV/c, the two momenta used for

the last run.

III. The hydrogen target In use for the last run was 4.44 cm diameter x

30 cm long mounted on an adjustable carriage with horizontal position and

angle about a vertical axis remotely adjustable.

IV. Detectors

a. The beam was instrumented with 12 gaps of proportional wire

chambers with 1 mm wire spacing providing 1/4% fwhm momentum resolution >
i

with. •*• 1 mr fwhm angular and ^ 3 ran position resolutions at the hydrogen
i

target. A single threshold Cerenkov counter, about 99Z efficient for j
j

pions, was adequate for the conditions under which we ran the separated

beam for f.his run.

b. Magnetostrictive chamber modules were installed in slots numbered

3, 5, 6, 7, 8, 9, 10 (Fig. 2). Each module consisted of two x gaps (with

vertical wires) separated by a u and a v gap (wires ± 15° to vertical). Y

magnetostrictive chamber modules (with two gaps of horizontal wires) were

inserted through the open side of the magnet in front of slots #4, 5, 6, 8,

9, 10 and 11. Each chamber has a sensitive area 1.8 m x 1.2 m and a posi-

tion resolution of about 1 mm fwhm. This is about twice as large as we

achieved in the MKI chambers outside the magnetic- field and the cause is

under investigation. Behind the magnet were located two modules from the

old spectrometer, the "I" (3m x 1 m) and the "E" (4.3 m x 1.6 m) each with 2

x and 2 y gaps. In the I module there is also a w gap with wires at 45°.
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In all then there were 102 magnetostrictive lines reading coordinates

from ^180,000 spark chamber vires (a total of 320 km of wire).

c. In front of slot #3 and under slot ??4 were located two large

proportional wire chambers TPX1 and TPX2, 1.2 m and 1.6 m wide, respec-

tively, each with vertical wires 1.2 m long with .25 cm separation.

These were part of the event triggering system.

d. Surrounding the hydrogen cell was a composite scintillation

counter consisting of two half-cylinders. The downstream end of the

cylinder is closed by a 10cm diameter scintillator. Downstream is a

scintillation counter hodoscope H4 consisting of 45 vertical counters

5.4 cm wide and a hodoscope H5 in the shape of a flattened Vee with 112

counters 6.5 cm wide.

e. Between the two counter horoscopes was a Cerenkov hodoscope (20

cells, 18 actually in use) operated with Freon 114 at atmospheric pressure

with a threshold at 3 to 3.5 GeV/c for pions.

f. Toward the end of the run four of the plane chamber "R" modules

intended to be used beside the hydrogen target for Experiment 557 were

installed beside the hydrogen target near the open side of the MPS magnet.

Each module has four spark chamber gaps, two with vertical wires (x gaps),

two with wires arranged ± 10° to the horizontal, read out by a diode capa-

citor circuit on each wire.

V. All the data generated by the detectors described is recorded in a

computer memory device (data box) with a capacity of 16384 18-bit words.

Between AGS pulses this device writes magnetic tape records of the events,

and in parallel, transmits some events to the PDP10 of the On-Line Dar.a
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Facility. This small sample of data events, along with regular readings

of a rapid cycling digital voltmeter, is processed by the "on-line" pro-

gram. Special events are included in the data to monitor the efficiency

and position accuracy of the magnetostrictive chambers. Data triggers

are processed through pattern recognition and abbreviated geometry-kine-

matics routines "on-line" to provide nearly full analysis of a small sta-

tistics sample. CRT displays of detector performance, effective mass histo-

grams, reconstruction of events, etc. are available at the touch of a tele-

type key. Teletype warning messages of poor detector performance were de-

livered to the MPS Control Room.

The magnetic tapes were carried to the BNL Central Scientific Computing

Facility for processing by a CDC 7600 computer. Processing times were typi-

cally 6-8 minutes for a tape containing 10,000 mixed events.

B. EXPERIMENT 654

There were four separate groups approved to do experiments with four

substantially di* irent configurations of detectors in the MPS. Members

of all four groups were actively engaged in developing and testing equip-

ment and computer programs for these experiments when the joint announce-

ment of the J and if» prompted an immediate reappraisal. The four groups

decided to coalesce and propose a single experiment, using the equipment

already in hand, to investigate the new phenomenon. It was immediately ;

apparent that the coupling of the "Jipsy" to any hadron production channel !l

would be too small to collect many events in MPS, especially since the

MESB had an upper limit of about 8.7 GeV/c. The assumption that the new

phenomenon was the first manifestation of the existence of "CHAHM" was
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2
then considered to offer the best chance for a meaningful measurement.

The J itself was clearly not "charmed" but could be a bound state of the

charmed quark and its anti-quark. The crucial experiments would be the

production of charmed objects. In fact, an MPS proposal to search far

such objects with a high energy beam had already been submitted. The

MESB again seemed too low in energy for much hope but a certain amount

of ir""p running at the top energy was included to search for associated

production of a charmed meson-baryon final state. The second possibility

lay in the fact that if the J was, in fact, "orthocharmonium," a spin one

bound state of cc, then the corresponding spin zero bound state "para-

charmonium" should be near it in mass and, on various grounds, should

couple much more strongly to hadrons. We thus planned a "formation"

experiment pp •*• n. •+• final state, tuning the total cm. energy of the pp

system to lie near and just below the J mass to search for the existence

of a narrow peak (J • 0 , T * several MeV). To maximize the chance of

seeing a small cross section signal we looked for places where nci-mal

strong interaction cross sections were themselves quite small. The final

states planned were quasi-inclusive A, A and K° production and ir ir~ and

backward pp elastic scattering.

Data were thus recorded with three separate energies of the incident

p beam covering the range of 3.7 to 4.2 GeV/c momentum corresponding to

/•— 2

rs • M • 2.99 to 3.14 GeV/c . Two triggering systems were used simul-

taneously, the 0 * 2 trigger (no count in the target scintillator, two

clusters in TPX2) attempting to detect the decay of strange neutrals and

a AQ - 2 trigger detecting a forward high momentum positive particle by

triggering an appropriate combination-of counters in H4 and H5.
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Figure 3 Is a plot of the effective mass of the neutral vees recon-

structed for the lowest energy run using the A and A* hypotheses (there

is no kinematic overlap between these). As expected, since the trigger

is on forward neutrals there are about 17 times as many A's as A's pro-

duced. The width of the A peak is about 4 MeV (fwhm), consistent with

spark chamber resolution, but there are clearly substantial "tails" to

this distribution. One contribution to this worse resolution is the •

drift of charge deposited in the chambers before the 3park formation.

We have monitored this effect and know that it varied with time during

this run. We hope to substantially reduce this variation by better regu-

lation of the composition of the spark chamber gas. Figure 4 is a plot

of the missing mass squared distribution for the A events. Although the

mass scale is slightly off, the usual clear peaks due to peripheral pro-

cesses pp -> AY, AY are there.

The missing mass squared spectrum for A events (Fig. 5) however,

shows considerable suppression of the quasi-elastic region and suggests

that this process might be a good place to look for decay of the n .

Fig. 6 shows our "scan" of forward A production as a function of p momen-

turn from 3.7 to 4.2 GeV/c (2.99 to 3.14 GeV/c mass range). The A events

serve as an excellent denominator, helping to remove any momentum depen-

dent acceptance effects, although dividing by the incident beam spectrum

provides a very similar plot. Within statistics no outstanding peak is

seen. Each bin is 10 MeV/c which is about the resolution of the beam

spectrometer and corresponds to about 3 MeV in mass. Since we are in the

process of preparing this data for publication I will not quote a cross

section limit except to say that it is in the region of a few microbarns.
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Figure 7 Is a spectrum of the ir ff~ effective mass with the A and A

events removed. There is still some background but a clear K° signal is

obtained (10 to 12 HeV fwhm) again with a low mass tail. The missing

mass spectron (Fig. 8) shows no K° or K bump. Figure 9 is the ratio of

the K° to A* production as a function of beam momentum. Again we sea no

obvious large narrow peak. Not wishing to le&ve the Impression that the

UPS is designed for two track events, we present in Fig. 10 a plot of

the effective mass and missing mass for events with two neutral K's pro-

duced by 8.7-GeV/c ir~ on hydrogen.

C. THE FUTURE

New devices planned for the MPS this year include a set of 9 cylin-

drical spark chambers with magnetostrictivs readout, designed to surround

the hydrogen target with the beam passiag down the cylinder axis with

tails to bring the wires out of the magnetic field for readout. The

chambers are 140 cm long with diameters ranging from 33 en for #1 to 120

cm for #9. Each gap is formed by axial wires on the outside and wires

spiraling at an angle of 45* to the axis on the inside.

As an alternative target region detector, the total compliment of

capacitive readout chambers is to be 4L, 4R and 3D modules, a total of

42 gaps. A new proportional wire chamber to, be located in the incident

beam in front of the hydrogen target should substantially improve the

accuracy of the determination of the direction and location of the beam

particle and should also aid the alignment and E x B effect measurements.

A high energy (mseparated) beam has been designed using supercon-

ducting dipoles and should be installed by next year. By rotating the
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MPS magnet this beam can be brought to the MPS hydrogen target without

relocating anything mounted in the MPS proper. The beam should provide

particles up to 25 GeV/c In momentum.
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FXGURE CAPTIONS

Fig. 1 Perspective drawing of MPS magnet.

Fig. 2 Layout of MPS detectors - April 1975.

Fig. 3 Effective mass plots of neutral vees from 3.83 GeV/c pp inter-

actions. Proton-ir~ and antiproton-ir mass hypotheses.

Fig. 4 Missing mass squared spectrum from anti-lambda production in

3.83 GeV/c pp interactions.

Fig. 5 Missing mass squared spectrum from lambda production in 3.83

GeV/c pp interactions.

Fig. 6 Ratio of A to A production as a function of incident antiproton

momentum*

Fig. 7 Effective mass of neutral vees from 3.83 GeV/c pp interactions.

it -TT" mass hypothesis.

Fig. 8 Missing mass plot from K° production in 3.83 GeV/c pp inter-

actions.

Fig. 9 Ratio of K° to A* production as a function of incident anti-

proton momentum.

Fig. 10 (a) Effective mass plot of K K events produced by 8.7 Ge'" n~

on hydrogen, (b) Missing mass plot.



TABLE I

List ef MPS Collaborators

Brandeis University

J. Bensinger, S. Jacobs, L. Kirsch and P. Sehaidc

Brookhaven National Laboratory

S.O. Chung, K.J. Foley, tf.A. Love, W.J. Miller, T.W. Morris,

S. Ozaki, E.D. Plat&er, S. Protopopescu, A.C. Saulys, and

. E.H. Villen '• j.

Brookhaven National Laboratory and City College of Sew York :'

S..7. Lindenbauo '

Carnegie-Mellon University

R.M. Edels'teia, 0. Green, H. Baipern, J.S* Suss, X. Sceia

«sd D . Weintraub :

Cincinnati. University of J

It. Endorf, B.T. Meadows and M. Kussbaua i

City College of Mew York *>

A. Etkin, M.A. Kraner, U. Mallik

Massachusetts. University of ij

J. Button-Shafer, S. Hertzbach and H. Singer j
u

Pennsylvania. University of !

V. Selove . . ;
i
!

Southeastern Massachusetts University . ;;
"""*"" I!

Z, Bf»r Yaa, J. dePagter, J. Dowd, H. Gittleson, W. Kern and I
i

J. Russell ' I

Syracuse University |

M.A* Falnberg, P. Gauthier, M. Goldberg, N. Horwitz, I. Linscoct

and C.C. Moneti



MPS MAGNET

Weight
Cap
Central Field
Colls
Power
Cooling ««ter
Downward Force

at Midpiane
Support

Rotation

650 tons
6* wide x 4* high x 15* long
lOkG
14 pancakes, 11 turns e*.
10,000 A e 240V
400 GPM 9 20*C vise
550 tons (aagnet powered)
4 hydrostatic bearings, 30" dla.
on steel plates

± 15*. pivot 18" inside upstreat*
end

Figure 1
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