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Abstract 

It is proposed that the AO polarization recently observed in 

inclusive production of AO by 300 GeV protons on beryllium be stu

died with 400 GeV protons in liquid hydrogen. A range of scaling 

variables 0 < p+ ~ 2.3 GeV/c and .1 ~ X ~ 1 will be covered with 

good statistics. A total run of 150 hours is requested. 
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I. Introduction 

Relatively little is known about baryon polarization effects 

due to strong interactions in inclusive production at high ener

gies. Rather large polarization has recently been r~ported for 

X = P /Pmax > .8 in p + p + AO + anything at 6 Gev. l This effect 

is consistent with a large polarization observed in the exclusive 

+ 2channel p + p + AOK p at 6 GeV some years ago. ~ In the analysis 

of those data the authors found that a one pion exchange model 

fitted the production adequately, and described the polarization 

in terms of the known polarization in TIp + AK at the AK production 

vertex. Inclusive AO production at 25 GeV by protons on platinum 

has been studied in the eo" bubble chamber. 3 
A limit on the polar

ization laPAI < .1 is quoted in this case. Similarly, in the CERN 

hyperon incident on a tungsten target, AO observed at 75 mrad are 

found to have a polarization iaPAi = .039 ± .015. 
4 

In general the polarization seems to decrease with increasing 

energy. Elastic TIp scattering serves as an example, where the 

polarization of the recoil proton drops from a maximum of 57% at 

6 Gev5 to 7% at 40 Gev. 6 One might imagine that an inclusive pro

cess at 300 GeV would be unlikely to produce a net polarization, 

since any effect is the result of interference between amplitudes 

in a particular channel, and so many channels are open with such 

high particle multiplicities that a polarization would be com

pletely washed out. Nevertheless, as shown in Fig. 1, a polariza

tion has been observed in the reaction p + Be + AO + anything with 

300 GeV protons. 7 Within the accuracy of the data, the AO polari

zation is independent of the scaling variable X = ~I/Pmax in the 



3 

'.' 

range .25 ~ X ~ 1, and depends only on p+ in the manner shown. At 

p~ = 1.6 GeV/c, <aPA> = .17 ± .05, where a is the helicity of the 

proton in AO + pn-, with the experimental value a = .647 ± .013. 

The polarization is therefore PA = .26 ± .08, which is a surpris

ingly large number. The direction of the AO spin is along fi = 
+ + 1+ +

(PA x pp)/ PA x ppl . The experimental evidence is consistent with 

the polarization being due to strong interactions. 

Only the complex nucleus beryllium has been used as a target 

to produce polarized AO so far. This leaves open the possibility 

of complex nuclear effects contributing <to the AO polarization 

either increasing or diminishing it. For example the outgoing AO 

could be rescattered by target nucleons, or secondary pions made 

by the primary proton in the nucleus could be responsible for pro

ducing the AO polarization. Although the (x, p~) dependence of the 

data discriminate against such secondary processes (the polarized 

AO's always have high energy), they cannot be conclusively ruled 

out. Complex nuclear effects such as those which give rise to 

anomolous mUltiplicities of charged secondaries, discussed for 

example by Van Hove,8 must be eliminated experimentally by study

ing the production of polarized AO in hydrogen before the problem 

of describing the phenomenon is clearly defined. Wi thin the sta.

tistical accuracy of the present data, the polarization increases 

monotonically with p~. It would be most interesting to follow the 

curve in Fig. lout to higher p~ in search of a turn over in 
'. 

<aPA>. Such a turn over might be a clue to the mechanism which 

produces the polarization - a decaying intermediate N* state, for 

example. The measurements proposed here will study the (X, p~) 
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dependence of the AO polarization in inclusive production by 400 

GeV protons in hydrogen over as wide a range of kinematic variables 

as is practical with the present set-up. 

II. Experimental Procedure 

Running time with a 50cm long liquid hydrogen target and a 

400 GeV proton beam in the M-2 

sured rates from beryllium and 

line can be estimated from the 

a 300 GeV proton beam. The AO 

mea

yield is described by the formula 

AO ~ p~ yield ~ 3.6e-· 396/l0 6 protons, 

where e is in milliradians. The actual trigger rate is 1.66 times 

+ as large. The extra triggers arise from K; ~ ~ ~ , neutron stars, 

and y ray conversions in the material in the neutral beam. Table I 

shows the proposed division of running time at each angle, assum

ing a maximum proton flux of 4 x l08/pulse and a machine cycle 

time of 13 seconds. The longest run is of course at 12 mrad. An 

error of ± .05 on the AO polarization should be achieved at p+ = 

2.3 GeV/c. Transverse momenta out to p~ = 3 GeV/c will be avail

able.' but with larger statistical error. It is proposed that 8 

tapes with 80,000 events each be recorded at each angle. One tape 

will be taken for each of two sweeping magnet polarities, two 

analyzing magnet polarities, and two siqns of the production angle 

in order to eliminate all geometrical hiases. Figure 2 shows the 

proposed geometry. The 50 cm cryogenic target should be placed as 

near the upstream collimator opening as possible. The production 

angle will be varied in a vertical plane - 12 mrad < 6 < + 12 mrad. 

The precession of the AO spin in the sweeping magnet is shown 

schematically in the bottom drawing. 
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Table I 

Trigger rates expected for 400 GeV protons on hydrogen in the 

reaction p + p ~ AO + anything. A S-cm long H2 production target 

is assumed, together with a maximum proton intensity ~f 4 x 108/ 

13 sec. A total yield of 380,000 A's, or 640,000 triggers, is 

needed at each angle. 

8 Triggers/l06 protons Time/.64M Triggers 

0 6 3 hours 

4 1.3 	 4.5 hours 

8 	 .26 22 hours 

12 	 .06 96 hours 

125.5 hours 

Time required to tune all 

angles and for contingency 25 hours 

Total requested 150 hours 

III.' 	Requests Made of the Laboratory 

1. 	 150 hours running at 400 GeV in the M-2 line with a 

proton intensity up to 4 x 10 8 . 

2. 	 A 50cm long 2cm diameter liquid hydrogen target. 

3. 	 1 1/2 main ring dipoles (30 feet of magnet) mounted 

immediately upstream of the liquid hydrogen target 

with horizontal magnetic field. The magnets w1ll have 

to be moved vertically by about 10cm to achieve both 

signs of the production angle. This could be done 

with jacks. 
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Figure Captions 

1. 	 Observed <aP A> for AO produced inclusively hy 300 GeV protons 

on beryllium. 

2. 	 Proposed experimental set-up. There are two modifications to 

the previous apparatus. First the restoring magnet must be 

increased from 20' long to 30' long to bend 400 GeV through 

a net angle of 12 mrad. Second the usual beryllium or other 

solid target must be replaced by a 50cm long liqui~hydrogen 

target. The downstream equipment is the usual E-8 AO spec

trometer. The plan view sketch shows how the AO spin rotates 

in the sweeping magnet for clockwise polarity. 
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