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ABSTRACT 

We have studied the properties of the inclusive pp - yX, KSoX, 

AoX, and >X reactions in an exposure of the NAL 30-in. bubble chamber 

to a 303 GeV/c proton beam. From an analysis of V events observed in 

this experiment, we have obtained the following results : 1) the average 

number of particles produced per inelastic collision <ny> = 7.90+0.75, 

<nKSO> = 0.31iO.04, <n 
A0 

> 003 = 0.13+0.03, and <n--> = 0.01+o:oo7, 
A0 

2) <n 
7r 

o> rises approximately linearly with n- implying that neutral and 

charged pions are strongly coupled, 

31 Y. KS07 

while <nKSO> is less coupled to n _’ 
and 11~’ production cross sections have reached a scaling limit 

by 303 GeV/c; and 4) do/dy is relatively flat in the central region for KS0 

and low multiplicity y events 
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h t!lis lr~:l t,er >::I2 r-qorr on 011 r s~Lu.dy of v” cvenis Cram an cspo- 

sure of 303 C;c\:/ c protons in the 3O-inch hydro,~cu bui~l~!~c r~!~amhel- :it 

the XationLii .?!,(~~oli?i‘;itO1. Lal~orxtory. Results on Inulii~!jliC:iiy, lotal 

cross .scction 
-i-+ 

, 2nd inclusi:;e A production have crlr-c:d;; I,ecn re- 

por:ec1. 
1 

-4 in!~sl 0~: 31.1 ‘\T” events V.:(lre rcc:Ortlcd in 21 fi:;ei; fi&,cial 

vol~ume. 
2 

These cvc~ts \:lere processed thiu~;:]~ TVGP :~id SQUAW and 

fitted to the followin:: hypotheses: 1-C: -* rr+rr-, !I0 -> p-, To f lr+p 

.,~ - 
and -i(p) - c o (11). After two mcasurcnl<?nts, 717” of the 31 1 events 

11:id satisfactoq fits, 10% tli~d not poini. to ihe primary \?crtes, and lo:<, 

wei~e unmeasur:i!3le. The events v;ere examined on a scan iahle by 

physicists. Of the 311 fitted events, 18% had more than one satisfactoq 

fit. A selccti~on on the i~~.:~nsvcrse momentum of the ncgxiive outgoi.ng 

track with ~~-spcci i.o the neutral particle3 was cffrctive in resolving all 

the -y xnbjvuitie~. ,> 7’1~ small numhcr 0r I:l/!io aml~i,guili~ti:r; was re- 

2 
sol\~eti by ioliiznt~ion ;nti >: . These were cdileri (!n tile :;cz.n tahl~c using 

ionizntion infor-J!!~aiion. 

After 311 sclectiorls there were 119 y, 5C Ii:, 20 A”, and 2 uniiue 
4 

P. The dais :‘or- K,$ ‘\‘. and 7 \:.ci‘c re.strictcd to rhi: l~ackward 

heI:li~i,hc~c in the I>!> CCIII.CI~ of 111a.s~ as the dci~cctiorl eifickncy in the 

for?Yard cl;rei:tion ::‘rtS oxtl~emFl~- low. The average >.:/ei@ting factors’ 

3.PC: $1. !I for ?‘, 3. 41 I’m? I< s”. 4 . 25 for .ii” , rind 4. 69 for To. The l’iliili. 

samp!c v:as flvrllicr rorf.rctei! 1)~ a scanni~~q ol’Cic:icnry of 0. 93. The in- 

C:1~11;:jvC ~:,‘o.S!; r:<*r!i:,,,:< ~-nc~-;c.i:r~~ii !l?lni. is, !.h! ],r‘cl:lu~~~t 0’ lllf.? ;ivc: I’:lgc 



,n,ini;er’ or Imrticlc:; ~vx~riucccl per inelastic c~ullisi~on illld ihc total in- 

clnstic c~‘os.5 section) arc: 3~(yj 7 253 i :?-,I d2, o-(K”) :: il. 8 * 1. 3 mb, 
s 

1.0 
r( 2O) = 4. 2 I 1. 0 mi3 ;ind ~(lz”! :: 0. 4 i I, 3 mb. Assuming that all 

0 y’s co,n,c C!-om 7 ‘.-‘. :ty, ,*;e get r(nO) = (127 zt 12) ml,. 

The cle~enclcncics of these c~~‘oss sef~i~~ons on the incident labora- 

tory momc::nium6’ 7’ ” ” arc shol:n in Figs. l(a), ib), mid Cc). Xotc that 

~(~4’) has increased thr@efo!d from 2 8 Ge\‘/c to 303 GeV/c and remains 

much larger than r(-io) at 303 Gc\;/c. The 1C; cross section has in- 

creasccl more: than ci~;;iit times ftmrn 28 CC::~/C to 303 GcV/c. I~iowcver, 

the rc?pid rise Ian ~r(l<;) may !cvcI off at cnergics beyond 303 C;C\~/~ as 

10 kdicated by the ISR data. The ir” ci-ass section in Fi~g. l(c) is con- 

sistent v:j.th a lopri,l.hmic growth with incident momentum and is equal 

to sr(n ) or r(rr ) if ‘.ve assume ali negatively charged particles to be n-Is. 

‘l‘his is in accord ~:,ith ~~~~!l.ti,peri~~hci‘al modck lhat predict <n,o> = <n,,-> 

11 ~: <n ii.l~ 1 J where < n > i:; the average number oi’ pariiclcr of type x 

x producctl ~CII’ inel.ns;tic: pp collision. 

The iopologi~~nl c‘mss sections and < 11,~~ > and < n 
69 

> vs topo1.ogy 

I”0 0 r inclusi<re iT and I< so p-otlucti~on arc listed in Table I. 

In T?i;:. 2(:x) and (1)) i n ii0 > and < n Iis 
o > are plott:ed as a function 

of ch3rgetl mult,iplicit,h.. n . T?vo poss:ible c!epenclcncics are shown: c 

< !I ~ 0 > : 0. 31 :lssI1,ncs I< 
h s 

: pl~oduction is indepcrldcnt of topology: 

< I?;; ” > :: 0. 09 n is lmscd on olio /Fir- being indc~~endent of topolo~;. 
s s 

I:1 c:ollt~ 1~‘;1:; t c llli() :, tc:nc.ls to l,i5<, lilical,l>- j.vith nc for nCL < 1 C. The 



latter ljn ‘:!I‘ ~~!cpendcncc which II;;:; heen o!)scr\.cd here :ind carlicr at 

12 “05 c;ci-/c: j.; vcr’,y <!iric!iTnl from the 1o.w cncrgy pp tiat~n. The 1, wken 

::I,~-:;ight i;!;:, in Fig. ?(I.>) is given by < n 
i;" 

> =n. If u;e assunlc 311 

I~he ne+ti-,-e ~“I-CCICY :i~ IIC ~‘i.ons, the dara i~1~1ply that the isospi~n states 

13 of l!!C [>i~OI1 ;a,-‘(’ $tron$\~ Co1~rclatcd. ,krgc:r, IIorn and Thon1as con ~- 

elude that ; linear rj~se of < n > ‘\‘Cl-sus n lT” at high energies rules out c 

mOdeI s ir rhich pi.ons are independently emiii~ctl but is i.n accord vilh 

fragmeniatlnn mod?!lr 3 and Illultipc‘r,i~pherLl models in which P or w type 

meson c1;:sicr.s :ire emitted. The wea1icr dcpC”d”“Ce “I < nl<o > on 
S 

n may ref!ect the lack of sl~on~-clorrc~l,a:io:i t)elr:een kaons and pions. 
c 

In Figs. 3(a) and (I)), we show the invariant, siqlc particle distr- 

hution it: J.‘c:.-nman x73ri:i.~ b-1~ :C for the inci,usioe K 
s 
’ and k ” reactions. 

O-UI- results comhincd wi.th the 205 GeV/c data7 give evidence that Ihc 

0 illclusi\-e KY 
s 

r-!nd :‘1 i-cactjons hzvc reached tliei~r scaling limits from 

t,cilow, ?.,.!~tl: ‘1’ ;;3proar!lirig Lhe limi~i at a rn~lch faster r:~itc than 1;: S’ 

Figu I’<::: 4(n) :~.~ncl (1)) ;?ho\-: ~lnr/dy x-crsu!; I.1112 rc3.pic!iiy r-3 rinl~le J 

for the I<; and y reactions. There is cvidcnce for a I,lateau u+th v,+dths 

” 
of t\-:o units in y for the I< and lo\\, mu1tiplicit.y ‘y elrents; ticr/dy secrns 5s 

to peak al: y = 0 for hjgh ~tnul,tiplicit~; -j events. ‘be :*ver’a~e l~0n~il~:ditw.l 

momcni um in l,!ic center of mass +,I’ = 2.90 f 0. 56, 1. 11 + 0.1.7, 

:1nd 0. 8:: :k 0. 12 C‘c\‘/c I’or A”, Ii 
0 0 

I4 ‘I‘hus nculr-~l S’ 
and il I:22::pect~vcl~~. . ’ s 

piolis ani! I:clons 3~ p xd~iccd more frequently Ian the central region th2n 

.A “1%. 
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\::c ncirl1oKli~:iy~ the s11pp“l of the XA., nccelcr:~tor and ncutrino 

are;, ~j~~~~~cilioiis ts! -<l’s runt1 ihr ,30-inch I)ui~,l~l~c crilnnlli~~~~ zro:~p (luring tlic 

L’S n , ;izici the: cler!ic:~tcd work of !,l:e staff o!: I:hi: K_lL l’ilm. a?naly;;i:; facility 

in ,?Iml?‘:?i~il,q i!1e d:llz!. 



-se 

ilc~ce I‘i:nces - 

l,? ‘, . L!:tn ct :i1. , l~‘iJ5”‘. l’,CV. l.,C2itC~S 30 I _-’ 1~ 6” 7 ( 1 ? ‘7 2 ) . 

12 . ‘r. I)ao (,i ::I. , l’hyc. ilcv. 1.;aizre 30, %! (I !!T:::j. 

2,,.~ lllc fic!uci:il s;o!u;nc For 1!1c pt.ims I~.? inf c7::clion x:ci,tex ‘.;::Is chosell to 

he snlnll~er ill:!rl lhr: one :~.entiunetl in I:ef. I to allow cno::gh tl.aCl< 

lCll$h for (!CCI)~ or cc:n;-crs~iol-~. 0 ‘I’110 Ci:iuci.d :~ol~irnc lor iilc. \: vcrtcs 

~-:a:; defilletl a5 (xv - :02 :-:‘: ’ .< (20 Ci11)2 z .< 37. 72 cm, where 
1’ 

anti 0 .$ 
v’ 

(X \?’ Y,. zv) i!re slmtia? coordinates for- the 1 To vertex. 

3, , I he iollociing cuts on ;!I:: I:-xns\ie rse momentum p.r i:i ATeIT / c toe re 

rnadc!: 0 < ,lT -‘: I:, for ‘y, 15 < ,Lr < 210 for 1;; ‘ 2nd 1~5 < pT .< 105 

for R0 a& ;i 0. 

IVote tllzt thc::c cuts il.132 e,q:livnlcllt tr: making ;I \‘(+I-5; um:~:ll cut (0. 3%) 

in the cos8 tlis~lr~ilmtiml iI1 the center- of mass of I<? % S’ 0’ an&-i0 decays. 

4 
‘i’e:n TO -- ,, Ii c:alltijc!::~,ej IZ;CI‘~ ~,TJ~cI kntl edi.l:i:d on ii3 .s~::m tai,le using 

ior~i:~ai,ior irii’c~,i’:n:~l:io:;. Tllc j-c:;u!~‘c i::iS: ‘2 :lniri:;C To, ii unirille I<:, 

;mcl 5 C\‘C,11.5 l!iL!~i. tit 4 ail:1 :ti Ionsi ow2 clillcr~ h>-p’,th~:-:?i; !1l.%U311? Ii;). 

5 Each c!\~eni. “. <lLSG wci~lli:e~~I !‘y :2. t-actor calc:ulat~ed Cram ihe pie1ti.a1 tiece,y 

len;rh anti ncin:r’:. ,I i;:~.c;l?- branching ratio. The minimum lengtll for- 

c{‘jfj,c:icint :lcii,i:;:ion v:;tS 1 cm CCr -,’ alId 2 C:ITl ToI 1;~ ;, I”, andXO. ‘The 

paj l- ~~cmvc~r:;ion crows section for y was calctI!xtcd by ‘I‘. 31. Kllascl, 

DI?SS’ I;epod:; \:os. TO!:? 2:7d 70/Z. 

G 
1:. Y. Oil a:111 c:. .:?. Smil!~l, “TncliIsire Stii~~iy cil‘ A0 :Lnd ::.+ llyp~! L‘OII’ 

]~‘1-o<j,,lc,i,t! ii: i’!.Cii(Iip 1) rciicjn Cciiisions ilx)ul G. !i (0 :?I: (;cAi/C”, [?LIpC:I 



::,.li~r!ijtlerl to .\,‘,y 1 TUIC l~r?~ti:,;lal r’o!i!‘cr-c!1cE on 1 lig’!’ E:ncr;;,y I’i:qics, 

!‘:I ,,;:\: i si ( 1 !I7 2) . 

'i 
G. <'1~3rlton i!i ::I. ) i:ll?q%. I!cv. Lctt~~!l's 30, 57-l (I 973!. 

8 
5;. c:il?L!~licn cl a!. , I'hys. i:ev. ,Acr,~r:-s; 2" 

-' 175:J (1972). 

$1 
c;. Xcw113fer (5 :x1., !?hy’;. J , e 1 i, % I’ s ~, 51 (lU72): and 1'l:y.s. I-.ettcrs :: L : : : 

ce, 43:: (1971). 

10. Jnc I$ 1:; (1ai.a poi~r!t.s in Fig. l(b) ,r-era compukd on t,he assumptim thxt 

I,c:ul.,~t;! l;xrn PIICiS. cJn is Ia,i r!~c:lu~ni: ;~‘+:i d13:-gd k2011 c~!~~~~ss~o~. PUS, 

r( IQ =: 

: , -3~ 

,l;‘j “i$j i- JX if&] 11 ia+; , ~(~Oj 

1+1t jq, 
-CT 1 i 

\:-n~xe :!lc r~xiio:s \‘.;crc: nl~tni~lcrl from A. Eertin ci al. , Phg-s. ILetters 

Iii;, :!ol ilO72) Z.!id the lw” <‘i,-oss se:cti.on I-i~Oll1 Ikf. 2. 

11 
>I. li;i!;~r!::;::i]~ ::i1ct 11. r(. ~~i"l~~k!:, .x:~ic:. Ph~-s. T'::::, 5G5 (l'r72). ,.' 

12 13. I:?~gili; Pi a!. ‘ 1<ucl. I’!l)L5. li27, ‘85 (l971). 

13 
13. I ,. i3cqcr, IL). i lorn, zicd (2. PI. ‘i’homas, Aj\:L/IIEP I?Ppr)i’t 724.0 

(1!!7?i. 

14 G. I. J<nI~;,lk)~,?, i‘:u cl . 1?1,,- i. I-15 ‘2 * 

: 2 i p1 (?‘) >. 

pi 5 
Ii. ,I‘ :li;cl< 01 21. , l~‘I,v:s. I ,ci,;:cr:; ::?I!:, 302 (1972). 
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*I :~ iiilnlll~? i’ 
of Cllnl~ci~c~: i ir,, (pp -‘. IT0 X) -:: o.7 

j 11 n11, 
ql(pp -~- I< . 

Pniticlci: r nTTO > ill A’ 
,\I 

< y< 0 ’ 
s 

‘SO 

2 

4 

G 

8 

10 

12 

1 -1 

1. 6 

1 I: 

20 

22 

"4 

2G 

1. 7 i 1.2 1.0 * 0.7 

1~ 1. 8 9: 3. 1 2.4 f 0.7 

I~!). 4 :: 4. 1 3.3 i 0, 8 

i6. 0 * 3.‘7 ::. 0 -i- 0. 7 

22. t: f 4.4 3.8 -’ 1.0 

20.3 i 4. 1 4.8 rt 1.4 

15.7 3: 2.5 7.2 i- I~.5 

9.3 -1 2.:: 6.7 * 2.2 

‘7.2 :L 2.5 8.3 i 3.2 

1. G It 1. 1 tj.3 C 2.4 

___ 

___ 

0. 9 * 0. 9 17.0 i 17.0 

126. 7 * 12.0 3.05 .+ 0.38 

0. 2 i 0. 2 

0.8 * 0.4 

2. II -L 0.7 

1. 4 * 0. 5 

1.6 * 0 . / ‘i 

1.3 * 0.4 

0.6 + 0.2 

0.8 ?c n.4 

cl.2 4~ 0.2 

__- 

9. :; :i 1 . 3 

0.1 f 0.1 

0.2 + 0.1 

0.5 * 0.1 

0.3 + 0.1 

0.4 i 0.1 

0.3 + 0.1 

0.3 * 0.1 

0. G * cl. 3 

c:. 3 * 0. 3 

___ 

__- 

0. 3 1 * 0. oi 



-8- 
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ST - i li 
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,f$ -’ 

/,’ ,’ 
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IO’ , & , (Ip 
ICY’- 

I-- 
tJ ,(,)[, (G t::y/“::) 

Fig. I !Zi) c;(p;, -’ A0 S), (b) rT(pp 0 .~_ .I<. A), :> and (c) r(pp -s IT0 X) 

versus incj,tlel:t l,al:3i~.31ory ~no:ncn!~:m. I-’ 
ld 

. See lici’. 1~0 

ffor c’erivation of dnta points bey0nt-i 303 GcV/c. 



0, 
., -. 
c., i:, \ ,.I 
CAL ‘.r- 

ci. 

( 

it 

i: 
/.‘-’ 

g. I-. -’ ,. ‘J 
!~~- ..I 

-9 - 

(, (y; ;LJ;,_,-[~(;p., ..I ‘WT7) I <:t i,:, (i’,i:.J; 
” ., ‘, [, ,! ;fi,, j -..- i~,j (; j _, J’ 

(iI ,.!!$ =(:j,:!y 

((1 ) 
hi:/ ,/ s. 

/’ 
/’ 

! ,-jr , I\ 
:.~ 
1 .i;> 1’; 1 I 

!I ,.,’ 
.-- .-... ~.J(::.;i,..k”. ,‘. .._.,__.__. I, .;‘:,) 

(; ,~,I,: i y ,,,. ,.( ,.;,,,ii-, 

: ..‘i’ 

i; ’ !’ I 

! \.; 

I I 

’ /, 
,~~.‘) i ! 

2 ,;< ’ %_:.!;. 
!-I c; 

Fig. 2 (a) ~3w?r:,~~c nurn!,i: 1‘ of I‘$ Xiltl (i.)) :~vcra,cc numl:er of 

Tcl! 5 pl’C!dLlCfd per indastic pp collision \i:rsus &argrd 

multiplicity. ‘l?hc cllrves are described in the test. 
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l’jg. 3 Invariant clistribut~~o~~ 

ZE ,2 
I---- 

a o- 2 
n \’ s tl s dp,r 2 dP1 

ve I‘SliS .x for ia) pp - A0 s 

and (b) 1:~ -.. KS’S , 

and E, PT. and p 
L are the t?ney:y, lr~z.nsverse, and 

~~On~-it~ldi~~~al~ I~O1~l~:lt11m Of llle p:lrticle in ihc c:entei- of nlas~ 

and x = % pT~ i ;F. 
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