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I. INTRODUCTION 

This is essentially a status report on the SLAC large aperture wire 

chamber spectrometer. The work has grown out of three years of ex-eri- 

ence with somewhat smaller systems and some of the results from those 

experiments are presented. The details of the large system are discussed 

and an analysis of its performance in a particular experiment, (viz., 

r p-- *‘n-r-p at 16 GeV/c) is presented. This spectrometer has been 

designed to study peripheral processes in the energy range (5-20) GeV/c, 

and as such would be of great utility in meson spectroscopy. 

II. EXPERIENCE 

The first wire chamber experiments at SLAC were started some 2-l/2 

years ago by a SLAC-LRL collaboration’ to study rho meson photoproduction. 

The spectrometer is shown in Fig. 1, (see Mark I) and consisted of four 

spark chambers with mngnetostrictive readout, behind a 40” x 15” gap mag- 

net. Rho production from hydrogen, deuterium and a succession of nuclear 

targets was measured at energies from 5 BeV to 16 BeV. The mass spectra, 

differential cross sections and decnjv distributions were studied, and the 

spin density matrix elements were determined from the decay data. Examples 

of the data are shown in Fig. 2. It is interesting to note that despite the 
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scvcrc liniiLaLio~i:~ on Llic :un;!;ul:lr clistrjln~tions 31 low eiicrgics, WC wcbrc! 

able to inaltc sij;nific:liiL conlril~lllion on Lhc p 
0 

clccxy paramctcrs, and pro- 

vidc strong support to the hypothesis that hclicity is conscrvcd in the /, 0 

decay. 

Following these investigations, the SLAC Group B-C collaboration2 

set up the Mark II spectromctcr, (see Fig. l), to study the following 

processes : 
r p-rr+n-n 

T+T-N* 

K+K-n 

K+K-N* 

etc., at 8, 15 GeV/c . 

The data was taken in January 1970. This time there were four wire 

chambers behind and three in front of the same 40” X 15” gap magnet, all 

chambers again with magnetostrictive readout. The wire chambers de- 

signed by F. Bulos and H. Lynch, were somewhat larger than the earlier 

versions, and operated superbly even at high repetition rates. The multiple 

spark efficiency held up above 95 percent at 8 sparks per event, operating 

at 180 pps. We also had a large aperture threshold Cerenltov counter3 to 

select the kaon pairs from the pion pairs. Some very preliminary results 

from - 5% of the data using the on-line analysis program are shown in 

Fig. 3. The rho peak is clearly visible in the two pion mass spectrum, 

while the separation of the neutron and isobar in the missing mass plot is 

very good. This separation will be further improved in the off-line analysis, 

where the momentum resolution is improved by a factor of four. Typical 

values for the mass resolut.ion at the rho is - 3 6 MeV, and --rf: 60 MeV for 

the missing mass. Also shown are the p” decay distribution corrected for 

the angular acceptance, and the absolute d.iffercntial cross section for 

elastic scattering. Wc tool; ~2 hour check runs every other day to measure 

the elastic cross section as a calibration. The data from one of t)cse runs 

is shown togcthcr with the classic measurcment.s of Foley et al. 
4 

- the -- 
agreement is very good. The final decay distributioh (i. e. , a factor 20 

more dntz) w.ill :tl.low the scpal*aLion of the dxln into tr:~~s~~crsc or lon$tu- 

dinnlly polnrizcd rho mesons? :u~cl :Ilso a study of tlic spin clcnsit~~ mltris 

elements of the p” dccny. 
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The work wjth thcsc spcclrom~!lcrs 11:~s been fruitful, and plans to 

mcas ure 
7r-p--+ pin at 15 GcV/c, 

and 

K-‘-p -KmN at (10-13) GeV/c 

with a larger magnet arc in progress, (see Mark III, Fig. 1). However, 

the mass acceptance and decay angular acceptance are severely limited by 

the size of the magnet aperture. Therefore, we have designed a large ap- 

erture wire chamber spectrometer with good mass resolution, good decay 

angular resolution and capable of gathering data at high rates. This system 

is described below. 

III. THE LARGE APERTURE SPECTROMETER 

We have proposed to build a large wire spark chamber spectrometer 

at SLAC 
5 

to study peripheral processes and in particular, meson spectros- 

COPY * Monte Carlo investigations have been used to optimize the acceptance 

and evaluate the resolution of the system. 6-8 These studies are still in 

progress. 

The present layout of the system is shown in Fig. 4. The basic elements 

of the system are (a) a large aperture analyzing magnet, (b) a superconduc- 

ting solenoid with its field along the beam direction for supplementary mo- 

mentum analysis, (c) spark chamber arrays, (d) trigger counters, (e) large 

aperture Cerenkov counter, (f) an on-line data acquisition system, and (g) 

an rf separated particle beam. Let us consider these one by one. 

The magnet has a gap size of 110” x 70” with 1260 kg inches of field 

path. A sketch of the magnet is shown in Fig. 5 to give an idea of size. 

The drawing shows the pole piece of the magnet curved, with the production 

target at the center of the curvature. This innovation has been introduced 

to reduce fringe field corrections to the particle orbits. One of the most 

serious problems with these large spark chamber arrays is going to be the 

amount of computing required to reduce the rriw data. Thus, the computing 

time per cvcnt has to be one of the main design criteria. Magnets of this 

aperture have normally very bad Jicld distributions which would ncccssitntc 

t.GtCliing (integration) through the mxgnct to eSt:Lbl.iSll the p:1rticle orbit 

(both for the trnck finding and momcnlum c:~lcul:~~.ion) - ;L time consulning 

job (computer time, that is!). Wc h;lvC, thcrclore, nttcniptcd to dcsigu :\ 

Iargc :yxrl.urc m:l~nct ij1it.h as benign :l fringe ficltl ~1s possible. The curved 
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pole tip mc:ms all tracks cntcr the field region norm:~l to the magnet field 

lines and the exit Pringc field cf1cct is morncntum dependent only (i. c. , no 

production angle effects). On the same problem, we plan to use a super- 

conducting mesh to “short out ” the leaking flux lines, in addition to a con- 

ventional iron mirror plate. The eddy currents flowing in the mesh will be 

generatcd when the mngnct is powered on, and the superconducting grid 

will then contain the leaking fringe field. Using these two methods it is 

hoped to have a magnetic field distribution which will not require time con- 

suming integration to determine particle trajectories. A l/10 scale model 

of the magnet has been constructed by H. Brechna and,J. Alcorn at SLAC 

and studies are in progress to optimize the field configuration. Current 

results from this test magnet indicate that the nonuniformity in the integral 

field path may be expected to be as low as 2%. 

The solenoid is a superconducting coil 60” in diameter and 100” long 

with its axis along the beam direction. Calculations have been performed 

for field strengths of 50 kg and 15 kg and the results are presented, however 

studies are still in progress trying to match the solenoid dimensions and 

field strength with the large magnet parameters. The solenoid picks up 
many of the large angle tracks that never enter the downstream magnet 

aperture, and even more important, it allows a measurement of the mo- 

mentum of the slow forward particles which would be swept aside by the 

high field of the big altzlys s magnet. (It is this effect that causes the holes 

in our angular acceptance. ) 

All the large wire spark chambers have mngnetostrictive readout, and 

vary in size from (100” x 60”) for the front chambers, to (200” X 160”) for 

the back chambers. These chambers will run at 180 pps to make use of 

SLA.C’s pulse rate characteristics, and have good multiple spark efficiency. 

The front chamber package is currently under construction, 9 and will be 
used as the back chambers early next year for an experiment with the Mark 

III setup (see Fig. 1). The experience gained with these already quite large 

chambers will dictate how to proceed with the big~chmnbers. Each of the 
large ch:lmbcrs h:~ve a styrofo:un plug in the region of the beam, since 

there will IX (10-20) particles through the chambers during the 1.5 pscc 

beam pulse. Proporti on:11 spark chambers, with a time resolution of - SO 

nscc, will bc used to rcndout the spark coordin;ltcs in this “dell” region 

for each trigger. The ch:lmbcrs in the solenoid are a mixture of propor- 

tion:Ll ch:uiibcrs :1nd con~~c:ntion:ll wi rc chainbcrs. 
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The trigger logic js fornwd zrouncl two hrgc pjckct Ecncc hodoscopcs, 

one immcdintely behind the nnalyzin, 0’ magnet and the other behind the last 

wire plant. In addition to being the basic elcmcnt in the trigger signal, 

these counters help in forming “roads” for track finding in the spark chamber 

data. 
The large aperture Cercnkov counter is a “monster” version of our 

present counter3 which has been shown to work very well. The on-line data 

acquisition system has to be capable of handling high data rates (i.e., 

- 100 Kbytes/sec) and have enough calculational power to perform full re- 

construction on a sample of the events. However, we will not describe 

this system in any detail here. The high energy beam will be able to deliver 

separated 2, 5 with momenta to 15 GeV/c, and with flux’s in excess of 

103/sec. 

In order to evaluate the performance of this spectrometer we have 

studied the acceptance and resolution with a Monte Carlo simulation of the 

reaction: 

T-P -AA-p at 16 GeV/c 

where 

A- -p”7r-, p”- 7r+7r-. 

The A and p” were represented by Breit Wigner amplitudes, and the 

proton differential cross section was generated as e -8t . The Monte Carlo 

events were able to reproduce the distributions of real bubble chamber 

data - the SLAC 16 GeV/c 7r-p--7r+~-n-p data. 10 

We choose this reaction in that it is a typical high energy diffractive 

process, to be compared with Kr~(1300) production in KN reactions, or 

N7rn( 1400) in NN interactions. Furthermore, the three particle decays 

allows a real test of the angular acceptance of the system. It turns out 

that a major difficulty in such a spectrometer system is how to measure 

the decays which involve both fast and slow particles. This dichotomy can 
lead to low overall acceptance and serious dead regions in decay distributions. 

This is specially true for the three particle dccsy cvcnts being considered 

here. WC belicvc that one very intcrestin, 0’ solution to this problem is the 

use of a solenoid magnet n~ith l.ongitudinal magnetic field \vit,h an internal 

spark chamhcrs systcni. 

The acccptancc ol the spcctromcter has been cvnlnatcd for t\yo solenoid 

fields - 15 kg and 50 kg, respcc:tivclJ~. The critcrin :~pplicd to c~ch cvcnt 
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is that the three pion tracks must citlwr go throu$ the big downstrcain 

magnet and 1.~ recortlcd in the b:tck spark chnmbcr or bc mcnsurcd in the 

solenoid by sufficient chambers to allow reconstruction of a track and cal- 

culate the momenta to better than 5% for the 15 kg tests, or l-1/2% for 

the 50 kg tests. Since particles with momentum grcatcr than 2 GeV/c will 

be mcasurcd by the forw:ird system, the 5% cut-off is a tolerable limit 

from a physics point of view. 

However, a superconducting solenoid with B = 50 kg and a diameter of 

1.5 meters has the advantage that it can trap the helix trajectory of all 

particles with a transverse momentum of 550 MeV/c or less. This corre- 

sponds to about 80% of all strong interaction secondaries, since PL has a 

relatively invariant spectrum. In addition, this solenoid system has the 

capability of detecting the peripheral proton in the final state, so allowing 

for the study of charged meson decay with one neutral decay particle. 

The overall acceptance for the 50 kg case is -95%, while it is -75% 

for 15 kg and drops to -40% without the solenoid. In this case many of the 

slow pions, (i. e., ( 2 GeV/c), do not get through the system, resulting 

not only in a reduced overall efficiency, but causing holes in specific angu- 

lar regions. 

In Fig. 6 we show the 3n and 2n mass spectra and the associated de- 

tection efficiency & a func tion of mass. The upper curve refers to the 
50 kg solenoid field case, while the lower curve refers to no solenoid field. 

A quite dramatic increase in detection efficiency is shown, and holds up 
with reasonable efficiency LLP to masses of - 3500 MeV. We should note 
that the momentum transfer distribution also shows a good detection 

efficiency. 
Figure 7 illustrates the corresponding efficiency CLEWS for the helicity 

frame decay cos 8. Here the loss of the slow pions for the no-solenoid 

system has the dramatic effect of dcpletin, 0’ the [cos et- 1. 0 regions in the 

p decay, and cos 8 - -t-l. 0 region in the A decay. -This makes a spin parit 

analysis in many cases very difficult. The upper curves show that these 

forward - backward holes are filled in when the solenoid is included. The 

dashed curve shows the efficiency when the solenoid field is 15 kg, while 

the solid line ~fcrs to the 50 kg field acccptancc. 
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The mass rcsolut.ion and missing mass resolution arc -A G McV and 

& 50 MeV rcspcclivcly, includin 6 multiple scattering, assuming that we can 

measure the secondary particles to * l/Z% in momentum and rt 1 mrad in 

angles, while the beam is known to *l/4% in momentum and to the same 

angular accuracy. 

IV. CONCLUSION 

In conclusion, a large aperture spectrometer with exciting possibilities 

for meson spectroscopy has been presented and its performance in a given 

experimental situation analyzed in detail. The parameters of this system 
are still being optimized in a constant attempt to reduce the cost. 
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WIRE CHAMBER SPECTROMETERS 

MARK I 
jB*de =30kG- METERS 

‘9-1 11 11 CHAMBER SIZE 
36”~24” 

(GAP SIZE - 40” x15”) 

MARK lI jB*dQ =3OkG-METERS (FRONT-40”x20”) 

n; K BEAM 
(BACK-60”x40”) 

I! CERENKOV 
COUNTER 

(GAP SIZE - 4O”x 15” ) 

MARK III 

7T,K BEAM 
/ 

jB.dP =20kG- METERS 
(FRONT-.6O”x40”) 

* (BACK-120”x60”) 

CERENKOV 
COUNTER 

(GAP SIZE -72”Y 25” ) 

Figure 1 A schematic of the wire chamber spectrometers which have 
been, or arc currently being, built by SLAC Groups B- C. (a) 
Mark I system was used to study photo-rho production from 
(5 16) GeV. (b) Marl; II has been used to study r&o production 
by pions at 8, 15 GeV/c. Production of KK and pp pairs is also 
being studied with the aid of the large aperture Cerenlrov counter. 
(cl Mark III is bein, . 0’ assembled for a study of the Q region in 
K p interactions, in the momentum region from lo-14 BeV/c. 
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Figure 2 Some results from experiments with the Mark I system. In (a) 

the dipion mass distribution for the reaction ~p-n+~-p, at 
9 BeV, is shown. (b) The differential cross section for rho 
photoproduction from hydrogen and deuterium at 9 BeV. (c) and 
(d) show the spin density matrix elements for rho decays in 
photoproduction on hydrogen and deuterium, respectively. (The 
p.. are evaluated in the helicity system. ) Data from two HBC 
egeriments, at a somewhat lower energy, is shown for com- 
parison. 
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Figure 3 Some preliminary data of -5% of the experiment, from on-Line 
analysis: (a) The dipion mass spectrum for n-p--;7+‘rr-n at 15 
GeV/c; (b) the missing mass squared distribution for n-p--‘X0, 
showing clean separation between the neutron events and the N* 
(1236) isobar production; (c) an absolute measurement of the 
elastic scattering differential cross section at 15 GeV/c, taken 
every other day as a calibration. Data from Foley et al. , is 
shown for comparison; (d) the rho decay angular distribution for 
the reaction n-p -pan at GeV/c, in the rho rest frame, corrected 
for the angular acceptance of the spectrometer. Note the cut-off 
for jcos 19,,1 > . 8, where the acceptance has essentially gone 
to zero. 



MAGNET 

WIRE SPARK 
CHAMBERS 

’ “---‘2.7m GAP 

SOLENOID 
2.5m Lg xl.?” 
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(HODOSCOPE) 
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LARGE WIRE SPARK CHAMBER 1611A2 

Figure 4 Schematic layout of the proposed large aperture spectrometer. 
The analysis system consists of two separate field volumes, the 
large aperture magnet downstream and a superconducting solenoid 
around the target. The solenoid is 60” in diameter, and 100” 
long with the magnetic field of - 5 0 kg, along the beam line. A 
system of cylindrical, and plane, spark chambers measure the 
slow particles within the solenoid, while a series of conventional 
wire chambers in front and behind the large magnet (llO1’X 7O”gap) 
measure the forward going particles. The c1~amber.s range in 
size from (lOO”~60~~) in front, to (200”~ 160”) behind. Since the 
large chambers have Styrofoam plugs in the region of the beam, 
there are several proportional chambers throughout the system 
to provide spark information on each event within this “dead” 
region. Two large “picket-fence” hodoscopes provide the infor- 
mation for the trigger logic and finally, a large aperture threshold 
Cerenkov hodoscope counter allows separation of nr’s, K’s, andp’s 
depending upon the operating range. 



1611A6 

Figure 5 Schematic of the large downstream magnet. (For details see text. ) 
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this system, as predicted by n , ~ 
Monte Carlo simulntion of 11~ reaction 7r-p----V7r-Yp zt 16 GeV/c. 
(a) and (b) arc the 37r and 2T mass spectra respectively, while 
(c) and (d) show the dcteclion efficiency of the system as a 
function of mzss. The lo\\;cr curve shows the ncceptnncc of the 
system without the solenoid, while the upper curve refers to the 
system including the solenoid, with 50 kg longituclin~l field. 



4 80 
W 
0 
ii 60 
iii 

I- 

I I I 

(a) 

EFFICIENCY WITH 
I SOLENOID 

EFFICIENCY 
- WITHOUT 

0 
-I 0 ‘+I 

cos 8 

(FOR p -TT DECAY) 

80 

60 

I I I 

(b) 

cos 8 
1 FOR A-p T ‘DECAY) 

Figure 7 The angular detection efficiency is shown for (a) the two-pion 
distribution in the rho rest frame, and (b) the three pion decay 
distribution in the pn rest frame. The upper (lower) solidcurve 
refers to the system including (excluding) the 50 kg solenoid 
field. Notice that the problematic “holes” in the decay angular 
acceptance have disappeared. The dashed curves show the 
efficiency, for the solenoid field reduced to 15 kg. 


