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ABSTRACT: We would like to study isobar formation at 200-500 GeV 

in the moderate t-range (-0.1>t>-0.4), concentrating on the modes 

(pn+n-) and (nn+). These isobar decay modes have such strong 

signatures that every event will be fully reconstructed with at 

least a lC fit even without momentum analysis. Existing evidence 

is that these modes are either dominant or very strong in the 

cases of several known isobars. 

Logistically, our experiment is designed to be suitable for 

the initial phase of operation of the NAL accelerator. We require 

only a diffraction-scattered proton beam. The apparatus required 

is small, simple, and compact enough to be located in the machine 

tunnel. We do not require a magnet or any rigging, and at least 

the first results can be obtained with a polyethylene target. 

The data rate should be very high, and the information gained 

should be very informative on possible microstructure in the 

baryon mass spectrum, on the interaction properties of the Pom

eron, and on the possible utility of the double-Regge model and 

the Veneziano four-point function. 

A 28.5 GeV run of this experiment has been approved as experi

ment #533 at the AGS, and will take place during October '70-May -71. 

That run will test all of the ~ apparatus needed for the N.A.L. 

experiment. 
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I. 	 The aims of our experiment are to study the reactions 

p 	 + p + p + (p + ~+ + ~-) 


p + (n + ~+) 


where the brackets () mean a combination having a low-invariant

mass 	MI. The experimental conditions are to include 

a) Full reconstruction of every recorded event of these 

types, including the polar angle in the isobar rest frame, the 

Treiman-Yang angle, and the Toller angle. 

b} Statistics equal to or better than those of missing-mass 

spectrometers: nominally 10 6 resonance-peak events/50 hours. 

c) A resolution better than ±20 MeV in isobar mass MI in 

kinematically favorable regions. 

d) Simultaneous coverage of all isobar masses from 1200

5000 MeV/c 2 • 

e) Small overall size for the apparatus. 

f) Compatability with the expected conditions for initial 

operation of the N.A.L. 200-500 GeV accelerator. 

II. 	 The reasons for doing this experiment are: 

a) The processes listed are among the simplest pp reactions 

beyond elastic scattering. 

b) At extreme s-values these processes should be very in

formative about production mechanisms. It is not known what roles 

are played by one-pion-exchange (OPE) and by Pomeron exchange at 

high s. The utility of the dauble-Regge model or the Veneziano 

four-point function can only be tested by high-resolution, high-

statistics data. 
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c) With the exception of the experiment (AGS '533) which will 

shortly be carried out at 28.5 GeV(using the identical apparatus 

we would like then to take to N.A.L.~,no full-reconstruction 

high-s experiment on these reactions will exist by 1971. other 

than two bubble-chamber experiments having only a few hundred 

events each. 

d) Our technique happens to lend itself very well to the 

N.A.L. accelerator; we can use the machine's full energy, and we 

will not be handicapped by the minimal facilities which will 

exist when the accelerator first operates. 

III. Our choice of t range, -O.1<t<-O.4, is optimal from the view

point of our experimental method. It happens also to cover a 

particularly interesting region including the isobar peaks and 

the breakover to less peripheral behavior. 

IV. The setup of the experiment is shown as fig. 1. The essential 

points of the design are 

a) We concern ourselves with isobar-events which are made by 

excitation of the fast proton. With that choice, it is easy to 

build a magnetless missing-mass-spectrometer of small size and 

cost, large solid angle, and h~gh resolution for the slow recoil 

proton. The corresponding isobar decays forward and is therefore 

easy to catch. 

b) We use Charpak proportional-wire-chambers so that we can 

make measurements in the beam to high angular precision with 

apparatus of small size. 
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c) We choose decay modes which have very strong signatures. 

By angle measurements alone, without any magnet, we obtain a lC 

. + - +


f1t on every pIT IT event and 2C on nIT. The lC can be thought of 


as a comparison of two independent isobar-mass measurements on 


each event. 


V. Measurement outline~ 

The line of each incoming beam proton is measured by cham

bers Cl, C2 and C3. All chambers have 2mm wire spacing, but C3 

is offset by Imm from C2. The recoil proton is measured in C4 and 

CS. The interaction point within the hydrogen target is measured 

by the intersection of the beam proton line (known as ±lmm/112) 

with the plane of the recoil proton. That plane is defined by 

the wires in C4 and CS, perpendicular to the plane of fig. 1, 

near which the recoil proton passes. 

With no further measurements, the apparatus so far described 

constitutes a missing-mass spectrometer with respectable resolution 

(see fig. 3). That resolution is wholly dominated by scattering 

of the 50-200 MeV recoil proton in the hydrogen target. 

The direction of the outcoming isobar is obtained from the 

sum of the beam track vector (200 GeV/c) and the recoil proton 

track vector (maximum 0.6 GeV.c, and measured to ±O.S% by a ±l% 

measurement of recoil proton energy in the total-absorption 

scintillation counter S2). 

Given the isobar direction and low-precision knowledge of 

the synchrotron energy (±O.S% is adequate) the six polar angles 

of the particles pIT+IT - from the isobar decay yield a second, 
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nearly independent, measurement of isobar mass. These six 

angles are measured from the interaction point to C6. The second 

mass-measurement is of considerably higher precision than the 

first (see fig. 4). At high masses, MI~3000-5000 MeV/c 2 , that 

measurement is better than ±10 MeV both for 200 and 500 GeV beam 

energy. This is an order of magnitude better'than the resolution 

of existing bubble chamber isobar experiments, and good enough 

for a meaningful search for microstructure in the isobar mass 

continuum. 

~he two mass measurements taken together yield a IC fit for 

+ each PTI TI event. For each such event, three possibilities for 

identification of the proton among the three tracks are tried. 

Over most of the mass range, the constraint yields an unambiguous 

identification for over 80% of the events. 

+VI. 	 Events of the type (nTI ). 

The interaction of a neutron in the chambers C7-CIO yields 

a 2C fit, but of relatively low precision, for about 50% of the 

nTI+ events. These constraints give some discrimination against 

the (nTI+TIo) mode, and provide positive identification of nTI+ vs. 

PTIo, because the chance of a TIo decay gamma hitting the correct 

4cm 2 of the neutron chambers is small. 

VII. 	Branching ratios. 

The decay modes of high-mass isobars are essentially unknown, 

because bubble chamber experiments have inadequate statistics in 

that region and none but missing-mass electronic experiments have 
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been carried out there. Even for low masses, however, the p~+~

mode is a popular one: 

B.R. (M + N~~)
I 

(1470) 	 40%N' 

N' (1520) 50% 

N(1670) 58% 

N(1688) 40% 

The N~ mode is dominant for certain low-mass isobars, and compar

able to the N~~ for others. 

VIII. 	 Rates, acceptance and data-recording. 

+ The acceptance of the C6 chamber for p~ ~ events, as calcu

lated from an invariant-phase-space Monte-Carlo program, is about 

80% at Mr = 3500 MeV. The data rate (calculated in detail in the 

Appendix) is computer-limited. We write 4000 l6-bit words onto 

tape during each NAL pulse, using our (existing) HP2ll4A computer 

as a buffer. Our coding and word-addressing scheme has been 

worked out in detail, and requires only 16 words per event. About 

250 events are therefore recorded per pulse. Assuming s-inde

pendence for certain isobar peaks seen over the 15-28 GeV range, 

about one event in 12 should be in such a peak. A conservative 

estimate is therefore about 20 interesting events per NAL pulse, 

or 1.2 x 10 6 in 50 hours of operation. Current theoretical 

fashions suggest that the continuum may be of comparable interest 

to, and perhaps physically identical to, the peaks. At least 10% 

of our total events will be processed on line by the 2ll4A. 
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IX. 	 Logistics and growth. 

If successful, this experiment could naturally developeby 

the addition of a downstream magnet for the identification of pno 

with lC, and nn+ with 3C, fits. We would require only a relatively 

small magnet, (8" x 20" aperture, 14' length at 15Kg) and the 

resolution would be ±35 MeV at 200 GeV. 

We feel, however, that it is premature to propose such an 

experiment, because the magnetless version presented here seems 

much more appropriate to the initial phase of NAL operation. It 

should be emphasized that all the apparatus we require is, with 

the exception of the target, literally small enough to be put in 

a station wagon, and that every individual piece can be picked up 

by two men. The computer, complete with 8K memory, digital scope, 

storage scope, and read/write tape unit, fits in a single relay 

rack and the remaining electronics does not even fill a second 

rack. The diffraction-scattered proton beam should be one of the 

easiest to obtain from the NAL, and the flight path from our 

target to C6 could, if it cannot be accommodated in the synchro

tron tunnel, occupy a simple 3' diameter concrete pipe into the 

surrounding hill. It should also be noted that the lengths ~ 
1 

and ~ of fig. 1 can be reduced simply at the expense of mass 
2 

resolution. 
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Appendix -- Rate 

In a diffraction-scattered proton beam the available inten

sity is normally as high as 10 8 protons per pulse. We calculate 

for 10 7 protons/pulse, a figure which approaches simultaneously 

the computer word-storage limit and the instantaneous rate-limit 

of the Charpak counter electronics. 

The total production cross-section in this t-range is obtained 

by integration over the Blab = 40 milliradian missing-mass spec

trometer data of Allaby et al,l extrapolating over the upper half 

of the Mr range. That integral is 8.2 mb. Assuming conservatively 

that the fraction of three-charged-particle production in continuum 

+ - .regions is the same as the branching ratio to pTI TI ~n known 

peaks, from section (6) we take 0.45(2/3) for that fraction, and 

so estimate 2.5 mb as the cross-section for production of events 

with the correct three-track signature in C6. The trigger rate 

R (deadtimeless) is then 
1 

30cm 2.5mbR x x ~45 x 0.8 x 10 7 = llSO/sec
I 

= 374cm 63mb 

i t 1 
target a/a 	 recoil 
length L 	 spec

trometer 
angular 

t 
instant. 
beam 
rate 

accept- minimum geometricalance acceptance of C6 at 
Mr = 3S00 MeV 

For our Charpak counters we use a very simple circuit which 

is DC coupled except for hard clipping at the input; the circuit's 

recovery time is about 200 ns, the same as its output square-pulse 



9. 


length. 

We therefore assume, conservatively, an 0.5 ~sec dead time 

for each wire. The beam is spread over 14 wires, so 10 7 instan

taneous means 7 x lOs/wire. The trigger rate with deadtime is 

therefore 

7xlO S 
R = 1150 x ----~~~------ = 850 triggers/sec.

2 1+7xlO sx.5xlO- 6 

Storing 8 words/event, we require 20 ~sec/word + 80 ~sec of 

overhead on entry of each event into the computer. The computer 

deadtime is therefore 240 ~sec/event. The final rate with both 

Charpak wire and computer deadtimes included is therefore 

850
R = --------------- = 700/sec.

3 1+850 (. 24xlO- 3 ) 

Our 4000-word capacity will therefore permit us to fill 

memory with 250 events in 350 milliseconds. Integrating over 

known peaks, taking account on Nnn branching ratios, the Clebsch

Gordon coefficient for the all-charged mode, and the e bt depend

ences of known isobars, we find 0.23 mb for the production cross

section in the peaks (above continuum). This is about 1/12 of 

the total. A conservative estimate is therefore 20 interesting 

events/pulse, or 1.1 x 10 6 /50 hours. 
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FIGURE CAPTIONS 


Fig. 1. Plan view of isobar experiment. Note lengths for 200 

and 500 GeV, and the absence of a magnet. 

Fig. 2. Recoil-proton angle vs. energy, for 200 GeV incident 

protons, as a function of isobar mass. 

Fig. 3. 	 Mass resolution for the missing-mass spectrometer (recoil 

proton detector). The solid lines show the contributions 

from angular errors, dominated by scattering in the 

target. The dashed lines show the contribution from 

errors (±l%) in recoil-proton energy measurement. Note 

that p~+~- reconstruction, shown in fig. 4, provides the 

better of the two isobar mass measurements. 

Fig. 4. 	 Mass resolution AMI and identification efficiency as a 

function of isobar mass MI , for 200 and 500 Gev. The 

identification efficiency is defined as the ratio of 

unambiguously identified p~+~- events (in which the proton 

is identified by more than two standard deviations) to 

the total number of events. The mass resolution, ±s to 

±SO MeV, compares with typical values of ±lOO'.MeV for 

present-day bubble-chamber experiments. On all curves, 

the scatter of points is due to the finite sample of 

events used in the computer calculation. 
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