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PROPOSAL TO STUDY ff+ and K+ INTERACTIONS AT 300 GEV 

IN THE NAL 30-INCH HYDROGEN BUBBLE CHAMBER 

January, 1974 

We propose to study ff+P interactions at 300 GeV in the 

hydrogen filled NAL 30-inch bubble chamber, using a tagged 

beam with low proton contamination, produced on a secondary 

target by an intermediate negative beam. The supplementary 

visual spectrometer of Experiment 2B would also be used if 

e"~i1ab1e. K+ will probably be a useful fraction of the beam, . 

and would also be studied. lOOK pictures are requested. 
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We propose to analyze lOOK pictures taken with a proton depleted 300 GeV 

~+ beam into the NAL 30-inch hydrogen bubble chamber. By now the rich range of 

data thus obtainable is well known, and the interest of extending our knowledge 

of ~+p interactions to still higher energy is obvious. K+ will be present at 

the level of at least a few percent or more and will be well worth studying. 

With a 45 cm fiducial volume length and a rather well controlled 7 tracks per 

picture using the Walker kicker, we expect 25,000 ~+p interactions, and 1,000 

K+p interactions per 5% K+ fraction in the beam. The Lach-Pruss differential 

Cerenkov counter should be able to just separate ~ from K at 300 GeV, working 

at 3 mi11iradians with the protons just below threshold. (See Appendix A) 

The positive beam is obtained by letting primary protons strike a target, 

removing the positive outgoing component by magnetic deflection, and letting 

the negatives (mostly ff-) strike a second target. The flux of high momentum 

positive particles emerging at Zero degrees from the second target will contain 

few protons, mostly ~+, and may well be rather enriched in K+. We assume a 

primary proton energy of 400 GeV. A ~+ momentum of 75% of the incident proton 

momentum is quite feasible (See Appendix B) and with higher proton flux the 

primary proton energy can be approached even closer. Studies of such a con­

figuration with both targets in Enclosure 100 are imminent, using 300 GeV 

protons. A report of the outcome will be appended to this proposal in the 

near future. 

This exposure is a natural outgrowth of our 100 GeV n+p exposure in 

Hybrid Experiment 2B, using the bubb1~ chawber and supplementary downstream 

wide gap optical spark chambers. If the spark chamber system is available, 

we would hope also to use it to obtain considerable improvement in momentum 

resolution of fast forward tracks, as well as to have valuable gamma detection 

in the forward cone (one inch of lead precedes the final module of the spark 

chamber system). (See Appendix C) 

We have already measured and reconstructed some bubble chamber and spark 

chamber pictures from the 100 GeV ~+p exposure, and have tuned up the analysis 

system for Hybrid data. The number of events involved in this proposed 300 GeV 

exposure is not large compared with the Purdue measuring rate of over 200,000 

events per year in our conventional shop, not counting our POLLY measuring 

machine which is now being tuned up. 



APPENDIX A 

300 GeV Use of the 34 meter Cerenkov Counter in the N3 Beam Line 

lye have described this Cerenkov counter, which was built by S. Pruss 
1and J. Lach, in an unpublished report. It is a focussing differential 

Cerenkov counter 110 feet long, located between enclosures 105 and 106. 

Cerenkov light from each particle is focussed into a ring near the first 

photomultiplier, where also a pierced mirror with a 1.0 inch diameter 

circular hole is located. Light rings greater than 5 mi11iradians fall 

on the mirror surface and are reflected to a second photomultiplier. Smaller 

rings register on the first photomultiplier. The light rings are spread out 
-4by about 0.5 mr due to beam divergence (10 radians), off axis spherical 

aberration of the main mirror, dispersion in the Helium, possible temperature 

variations in the Helium, multiple scattering, and ~ variation due to the 

finite momentum bite of the beam (see Figures 1 and 2). 

At 300 GeV, proton threshold is at 2 PSI of Helium (see Figure 3) '. and 

the ring of light from ~ is at 2.5 mi11iradians and rr+ light is at 3 mr. 

This mode will require a secondary pierced mirror with a 0.6 inch diameter 

circular hole, as opposed to the mirror currently in use. Interchangeable 

secondary mirrors of various hole size were envisioned for this Cerenkov 

counter from the outset, and are needed to work optimally at various beam 

energies. 

The ~dges of the TI and K rings will just touch at 300 GeV, or possibly 

overlap slightly. Pressure curves at lower momentum tend to validate the 

theoretical calculations of ring spreading. If the K component is considerably 

less than the TI component, as we expect, we can set the K ring relatively 

near to the inside edge of the 0.6 inch hole. This will move the edge of the 

TI ring out away from the edge of the hole, minimizing TI feed-through into the 

K signal. K feed-through into the TI signal will be of second order, and 

tolerable. Furthermore, we will tag as junk and reject from our usable beam 

flux any particles which register on both photomultipliers. This will cause 

some loss of useful rr and K beam, but will result in purer tagging. Protons 

will be indicated by no signal, in coincidence with a local beam telescope. 

l"Review of the 34 Meter Pruss-Lach Differential Cerenkov Counter for the 30" 
Bubble Chamber Hadron Beam at NAL." V. E. Barnes, A. Erwin, and J. Lamsa, 
October 26, 1971. Internal Report to members of Experiment 2B Collaboration. 
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Occasionally, a 6 ray accompanying a proton will cause a rr or K tag, or will 

give both rr and K signals and be rejected. Since the protons will be a small 

fraction of the beam, this feed-through will be of second order. 
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APPENDIX B 

+ + ' 
n /K Beam From High Energy Protons via Double Conversion 

A substantial flux of n- is available at 80 to 90% of the bombarding proton 

energy. We use the Hagedorn-Ranft model curves from NAL report TM-285. For the 
+production of fast forward n from incident IT we use Ferbel's curves (see Fig. 4) 

1based mainly on produc~ion of fast forward Al mesons An early estimate by D. 

Cords of the proton flux necessary to obtain 144 GeV n+ from 200 GeV protons apears 

at the end of this appendix. These numbers scale well to 288 GeV pi plus from 
12400 GeV protons, and lead to an estimate of 2xlO protons needed for 12 pi plus 

at the bubble chamber,. in agreement with the calculation below. 
2

We are about to participate in a test proposed by W. Neale with the two 

targets separated by one main ring magnet, approximately 20 feet. The second 

target is one' inch square and one foot long Aluminum. The solid angle is thus 

about 17 ~ster, very close to that estimated by Cords. Also, his estimate of 

6p/p = t 5% for the in~ermediate pi minus beam seems reasonable here. Using Fig. 6 
6of TM-285, we find for 410 GeV pi minus from 500 GeV protons that 8xlO protons 

4
yield one pi minus into 1 ~ster and 0.1% momentum bite. This implies lxl0 protons 

per pion into the Neale configuration. Scaling to 400 GeV protons, the intermediate 

pion momentum is 328 GeV/c. 
5Using Fig. 4, with the momentum scaled by a factor 328/300, we find that 10

tnteracting pi minus will yield 0.3 pi plus of 300 GeV into a 1 ~s~er b~~m with 

1 GeV momentum bite. The actual acceptance of the bubble chamber hadron beam is 

'/~ ~ster "and the momen~um bite is typically 0.1% but can be increased towards 1% 

if necessary. Using the smaller momentum bite, and requiring 12 pi plus into 

the final beam, and allowing a factor of 1/3 for incomplete interaction at the two 
12 

targets, then about ,.'.108 pi minus are required. Hence, about ,.£)(10 protons are 

required. Some further optimization may be possible by moviI\g the intermediate 

pi minus momentum closer to the final pi plus momentum. We hope to try this during 

the ekperimental test. 

To produce 400 GeV pi plus from 500 GeV protons this way, an intermediate 

pi minus energy of 440 GeV gives the same point on Ferbel's curve when it is scaled 

by 440/300/ Again abou~/.~108 pi minus are needed, allowing for beam acceptance 
4

and targeting inefficiencies. Fig. 6 of TM-285 implies that 4. x10 protons are 
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needed to yield one pi minus into the Neale configuration. Thus 7xl012 protons 

are ~equired to give 12 pi plus at the bubble chamber. These estimates could 

easily be off by a factor of three or more either way. We do have the option 

of increasing. the final momentum bite if necessary. 

1. "Production of ".+ Mesons Using". Beams at NAL ", T. Ferbel, URPA - 330 

2. F. R. Huson,. private communication. 
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APPENDIX C 

Downstream Hybrid Spark Chamber Spectrometer 

The wide gap optical spark chamber system of Experiment 2B consists of 

four modules, each with a double eight inch gap, and measuring 30 inches by 

40 inches horizontally by vertically transverse to the beam. They are located 

between four and eight meters downstream from the center of the bubble chamber. 

The fringing field of the bubble chamber helps the momentum resolution, which 

is typically op/p =tlO% for a 300 GeV beam track (see Fig. 5). This is 

obtained by hooking up spark chamber measurements to bubble chamber measurements 

of the same track. This has been done to ~2 rom accuracy in space by Smith et al 

(see Fig. 6). The hybrid momentum measurements are generally at least 10 times 

more accurate than measurements made by using the bubble chamber alone (see 

Fig. 7). Most tracks above 20 GeV enter the spark chambers. Below this 

momentum the bubble chamber is adequate for momentum measurements, if run at 

full magne~ic field. 

A one inch thick lead plate covering the active area of the spark chamber is 

hun9 just before the fourth module. Gamma showers can clearly be seen to diverge 

from the vicinity of the converter plate. 

The system has recently been adapted to multi pulsing, and has worked well 

in conjunction with the 30 inch bubble chamber at four pulses per flat top, at 

290 ms intervals. In addition, the event trigger now consists of the logical 

sum of a sensitive beam deflection trigger using five narrow matched pairs of 

finger counters, plus a dE/dx telescope just downstream of the bubble chamber 

which is sensitive to events which send at least two charged particles into the 

solid angle of the spark chambers. 

Since the memory time of the spark chambers is a few microseconds, one of 

the modules is held in reserve at the first interaction trigger and used if a 

second interaction is detected later in the beam spill. The incidence of three 

or more interactions in one spill is low. The detection efficiency of the event 

trigger counters is high, even for two prong events. 
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