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y"' .. PROTON INTEAACTIONS AT •• 5 BEY - . . . 

George ~neh~n, W'Uaon M. Powell. Oeorge Saphir, 
and Robe:rt w. Wright 

' Radiation Laboratory and Department of Physic a . 
Univel'eity of California. Berkeley. Caliiornta 

June·l9$5 · 

UCRL-3042 

the interaCtion wiUl p.rotone of 4. S ... Bev negative pions f:tom the Bev• 
.· '. . .: ' ·. . . . . . . 1 

atJI'~n·ls being stu!.Uec! by 'ilSe of a .hydroge13. ... fllled di£fusion cloud eh.tairiber. 

T,he rneeou,v_~ere ~JOO<\uee,J by circcl.ating protons of 5.? and 6.2 ~ev striking 

·iargE,ts ·of carbon~ uranium. •"" mesons emitted in the forward direction fro-m 
' .. ·:·l ·.•·· . . . . . 0 . 

· .. e ltlirget. ~derwent _,tun~t\ml anal.ysi.s by d~flecttons of 11. 6 in the magnetic 
I< .j•' "' . . . 0. . ·. • 
field. Itt. the Bevatron art.d lO. 8 in an ~xternal a.nalyztng magnet. A 4-.foot-long ' . 

steel collimatol" with a 5 ... tnch'-:w:i<le gap was ln$erted between the Bevatron and 

~e an.Uymmg magnet. The·nHi:B~s p~ssing ~ough the collb:uator then entered 

the elou~ ehatribe~. which contained hydrogen at 36 .atmospheres and operated . 

in a. pulf$ed magnetic fiald of Z ~. 50() gauss •. P:re1bninary measurements show . . 

. a t\')Cim$tu~n ep~trum for several run$ eXtending fron.1 about 4 Bev /c tQ about 

.. 5.25 Bev/c.: As the cloud cba.nlber was abo\lt 60 feet £rom the target. the t-t'" 
. . . 

. c:Ol)tamination is thOught to b.e o.mall. 

To date, 95 .,,·· .. proton· interaction& pr~ducing charged outgoing partiel~s 

have be~n oba,rved, Th-eatt in~lude the following types: 

Eighte()n evem.s .a,re elaetic 11 ..... proton scatters. The angular distri­

bU.ticm Jib that expected ~~J:' .diffraction scattering from aft opaqUfJ, Or &emitrans ... 

pal"ont ephe:rez of Ji':adius: 8 x t~""14 em. .T,._vo of the events £ell outslde· the cen­

t~al inaxtrnu.m. The d.iflractton peak ShQw.ed that five sm&ll:angle scatters of 

. lese tha~ 3° (lab.) should have oeeur~ed~ Observ;._tion of these is quite dilfi .. 

cult and only one was d•tected. ,Adding the four tnterrad ~t:n')all-angle scatters 

.glves a total of Zl elastic scatters • 

.Forty-six events were inelastic,. with two outgoing prongs. This corM 

responds to t.Mt production o£ one or mere additional mesons. Three of these 
' . events a.-e Jmo'Wn from obaerve(f. decays to involve. the produet.ion of heavy un-

. . . . 0 0 . • . 
stable particles. These particles ue one R , one ..1\. • and one posittve unstable. 

·'P'*'J."ticle that i• not a 11' meson. The poaltive prong associated with the../\...0 pro· 

4uctlon appeared. !rom ita momentum and :relative ioni~adon. to be a K meeon. 

Twenty .. :nlne event' have lour out1oing prongs. These correspond to 

the production of two or m~re additional mesons. In one of these events one 

(lf the: prongs decays in flight aud has been identified as a K+ meson. 
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Two events ha.v~ six prongo. In neither of these does transver$e­

momentum balance. One eve~t ~-an e~eetron (prcst.unably from a tt
0 

decay) 

it~ on.e. prc:mg# eo o-nly tv10 &dd:ttional charged mesons are predu.c ed in this col-· 

U.aion. tt thus Involves the production of three ol:' more mesons._ The other. 
. . 

e~·p:rong evoat il);volves tbe pzoductic.n oi five or more mesons in the single 
,.. .. _proton tnte~aet~on • 

,Methyla.lcohol; which was the c:on.densable vapor in 'tbe cloud chamber, 

-.constituted a~t O.l%. of the gas molecules at the bea.m level. Carbon ot' oxygen 

-.~t• ~hoW.4 he recognt~able as eu~h beea.use o£ the total positive charge of the 

event of -1· 5 or ·t 7 • th.e .. lower momentum_ and htgher _ ionization of the prongs. 
'• . 

or ~he recoil blob usually ._ssod.ate-d with the star. One such event was obsel:'1ted. . ' . . ' 

The teaUJ.tf.l aJ:Oe sum.marbed tn 'Table I.. 

-I Table l 

.lle~ative £l'.e~uet?-<!Y of vad~ua ~·-p:eoton interactions at 4~ 5 :aev giving charged 
· parti~le•· , . . · . - · 

,. 
l' ' 'l· 

I .·' 
~ l ·,1 ·~ I , 

Type .of interaction 

'ltl-.sde ( 4iftr.f:\ctf.on) 

Ela•tic (nondi.ffract;ion)­

z .. prong inf!la.Btic 

4·prong 

6 .. prong 

%of~ events 

zo 
2 

47 

Z9 
2 

.These 95. intera.cl;lons .oc:curred in 87,000 meabn traversals of 25 CllJ . . . . . \ . 

through the accep~ted volume in the cloud chamber. Insensitive regions in the .. 
chamber at ~imes reduced th~ efie¢tive length eomewbat. The average hydrogen 

pres&Ve ~as 52.6 psi gauge and the temperature at the beam level was -40° C, 

so that the hydrogen density was 1.9 mg/cm3 . In.eluding the four small.-angle 

elastic scatters inf,erred from the diffraction pattern• ·w-e find a total c~o1s 

section of 19.7 * 3.4 mUHbarn.s for tr .. -proton col.lbions resulting in charged 

qu.tgoing particles •. The standard error includes both atatistical uncertainties 

and estimated. uncertainties of the effective path length. All the cloud chamber 

pleturos were scanned twlee. 

The fUm was scanned by Mr. John B. Elliot, Mr •. Arthur A. Kernalyan, 

Jt.. and Mr. Joseph H. Wenzel. 
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F.urther ana.lyais q_f the data and aeid,itional ru.~s are planne(l. . . 

·We are indebted to·th~ Beva"'on ataft.for their ktnd cooperattop •. · 

This work was per.foi-med-under the auapicea of the 11 •. S~ Atomic En­

er,gy Commission •. 

. . . 1. El.Uo~ Maenchen. Moulthrop. Oswald, Powen. and Wright~ Rev. 

. ~i; ·In,$t. in prees~ 
· :t. Eisberg. }fowler, Lea, Shephard, Sb~tt, Tb.otndik."e. and ~ittemore,. 

P.bys. Rev. ll• 797. p95S}. 

• 




