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On the baaia of cii•per&lon relatiold, Pomeranchuk hal abown that if the 

hr +, p) and. (w ·, p) total croaa aeetlona approach constant values at high energies, 

theae limits must be equal. 1 Coasiclerable uuormatlon la already available on 

- ~~4 the (w , p) total croaa aectlone in the Bev range. We preaent the reeulta 

I + 
of an experiment at the Berkeley Bevatron in which (w , p) croaa aectione between 

1.4 and 4.0 Bev/c were measured. Data on (p, p) total cross eectione are also 

presented.. 

The experimental arrangement la ahOWD ln Fig. 1. Positive particles 

produced when the circulating proton beam etrikee a target are bent inwards 

towards the center of the Bevatron by the magnetic field. In order to obtain 

positive pion• with the highest poaaible momentwn, the pion beam was brought 

out of the machine through a window on the wide racU.ua. The beam la further 

deflected by bending magnets to keep it clear of the Bevatron atruc:ture and ia 

focused by an 8-in. •bore doublet quadrupole.' 

Scintillation counter• M1, Ma• and M3, each 1-1/2 in. diam, define the 

beam. Piona are distinguiahecl from proton• by requiring a coincidence with C, 
v s 

a gas Cerenkov counter filled with auUur hexafluoride to give an index of 

refraction of approximately 1.008. By putting C in anticoincidence with M1Mz.M3, 

we obtained data on p-p scattering eimultaueou.sly with the (1r +, p) data • 

• Work done under auspices of U. S. Atomic Energy Commiaaion. 
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Alter paaaiAg through the defh:Ung telescope, the beam impinged on a 

4-ft .. loaa llq\dd hydrogen target. The oum'ber of pions (and protona) trans• 

mitted was zneasureci aimultaneoualy at three dU:fereDt aolid anglea 'by meana 

of counter• s 1, Sz, and s 3• An extra coincidence in s 0 was added. to reduce 

accldentala. The aollcl aql4ia defined by s 1, Sz, anc1 s, ranaed from 0.6 to 

4. 3 milliatera.cliana. 
. 6 

The coincidence circuits ueed were of the type described by Wenzel. 

With the cUpping linea employed the resolving time waa about 5 X 10·9 sec. 

The output of the monitor coincidence circuit was uaecl as an input to a second 

circuit where a coincidence with s0 aad S 1 (for example) was required. Several 

apec:iea oi acciclentala were monitored throuahout the experimeut, and corrections 

to the data were macie where neceaaary. Accidental• involving C were always 

lees than 2.% of the number of piona. 

The momentum spread accepted by the counter teleacope was approximately 

Z. 5%, ancl the uncertalaty in the moment\Ull determination ie estimated to be 

• 3,-(.. Ex:teneive maanetlc ahielcUn.g to red\&Ce the .Bevatron' e leakage field was 

required alona most ol the beam line. 

Data collection at each moment\Un involved aeriee of rune with the H 2 target 

filled and empty. each aeries conaiete4 of a full run preceded and followed by an 

empty run. The number of colmte recorded in each aeries wae uaually sufficient 

to give a erose section with a atatiatical \Ulcertainty of lese than lo/.. An analyaie 

ol the 4ata from different measurements at the aa:me momentum indicated that 

the probable error aaaigned to each meaeuremen.t had to be increased to about 

3rr(,. The reaulta given below are averagee of two or more meaauremeDta at 

each momentum. The uncertainty in the ext1rapolatlon to the zero solid angle 

aubtendecl by the last counter was considered in aaeigning the errors. Where 

~.. necessary the data at tho smaller solid angles were corrected for multiple 

7 coulomb scattering by a method eimllar to that of Sternheimer. Theae 
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correction were assigned a probable el'ror ot • ZO% and had Uttle effect on 

the extrapolated erose eectione. Other poaaible source& of error are dlacusaed 

below. 

~ Sources ol er!or in. the ( w, p} m.easuremetlle 

A curve of the ratio of M1 MzCM3 counts to M1 ~2M3 counts as a function. 

ot gas pressure tn the cerenkov counter indicated te•• than zrr electron con· 

ta.mination and. lees than ltlfr. muoa contamination at 1.8 Bev/c. Such a curve 

gives only the floaction of muona with momentum equal to or greater than that of 

the pions. The total muon comamiaatlon lor the geometries and momenta uaed 

wae determined hy calculation. aaci col'rectloue were made. The maximum was 

Zo/~:. Practically all of the muou came from pions decaying alter M2, where the 

calculation is relatively atmple. 

B. Sources o£ error in the (p, p) meaaul'eme»te 

The errors aaeigned to the (p, p) croae sections have been increased 

to allow for the uncertainty in the efficiency of the anticoincidence etrcuite and 

the Cerenkov counter. U these were DOt 100~;, efiicient in eliminating pion counts, 

the measured (p. p) cl'oaa sections would be low. The assigned errore are 
., 

baeed on aa efficiency between 9()1}' •. an<l 100%. 

K·meaon contamination in the ••proton beam" ta estimated to be lees than 

lo/o for the momenta an4 take-off anal•• used in tbie experiment. 
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Our erose sections are shown in Table 1 and lfig. Z which also ehowa 

data of other experbnenterl. Our data for 0(11'+, p) indicate a maximum near 

1.5 Bev/c and an essentially constant erose aoction above Z.4 Bev/c. Our 

value at 4.0 P.:.ev/c ia 29.1:0.4 mh. The beet high-energy values for CT('tt-,p) 

to date are 28.7 !1: 2..6 mb at 4. 3 Bev/ c 3 and l9.la Z. 9 mb at !5.2. Bev/ c. 4 

We wish to acknowleqe our inciebtedneaa to Ken Lou for h&Adling the 

many engineering problema encountered in the experiment. to Thomas Devlin 

for his help in conducting the experiment, and to the Bevatron staff and crew. 
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+ Total ('It , p) ancl (p, p) croaa sections 

o-(w +, p) 
(!lb) 

39.4 * .6 

39.1 •• 8 

35.8 •• 9 

30.1 •• 5 

28.4 •• 6 

27.8 •• 6 

29.0 •• 6 

19.2 •• s 

Z9.Z e .4 

29.3 •• 4 

a(p, p) 
(mb) 

46 9 +1.0 
. -0.6 

47.5 +2•2 
-1.1 

47.7 +:J.O 
·1.1 

46.5 +Z.O 
-0.6 

46 3 +l.Z 
• -0.8 

45.0 +l.O 
-1.0 

45.6 +l. 9 
... o. 7 

45.1+ 0•9 
-0.5 

Al'lt ~ +0.6 
-,;.,.JJ -o. s 

4Z.4 1110.6 
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Figure legends 

Fig. 1. Experimental arrangement. 

-+ i'ig. z. Total (v , p) aod (p, p) croaa •ectiona !!: momentum. 
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