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Abstract 

Charled pion production in hilh energy .,".. - interactions is studied 

in thepTregion of 1 - 2 GeVIe. The characteristics of pion production In 

,.. • ..,. interactions are compared with thon in ,,-p and pp interactions. The 

PT~dependence  of. pion prod~ction  in these reactions follows a systematic trend 

which indica-tes that high-p~  pion production for".., interactions as well as 

£01' ".p and pp _inteJ;'actions proceeds via quark-quark scatterin@:as predicted 

by OCD. 
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ParticleproductiJ)llathich transverse momentum (~)  is believed to 

resu1t£rom the interactlon oCbaclronte constituents til. Sift,le-particle 

inclusivt' data from the CEl\N Inter.ectlng Storale Rings f21 and b'om 

Ferrnilab [3. 41 have been analyucl in terms of this hypothesis. Inthes. 

eJq)erlrnents. particle production in proton-p!'oton. "roton-nueleus. and piOD

prot()n Interactions bas been studied. T.o invutigate the role of hadt'omc c.on. 

stituel'lt.in high-PTparticle production it is impcirtantto compare reaction. 

produced by initial state target and bea~  particle. havinll different interD&1 

structure. We report here the -results of a study of large itT (l - 2 GeVlc) 

inclusive,,'" .production. at c, m.a.nllescentered around 90°. ia.hi.hellSZ'1Y 

,,-11' - interactions and compare then results with ,,0 production iD pp aDd 

r.preactions at comparableenerlie.·, 

Our data are derived from "p interactions at beam moments of 100. 

lOO. and 360 GeV Ie. These experim.ents were performed at Fermilab \luli.iD, 

the 30-in. hydro.en bubble chamber wide-lap spark chamber hybrid sy.~  

DetaUs of the data ana1Yllis have been previously reported [5,6]. For the 

present ana1ysi•• we use sampleI' of about Z9.000 events of all charge tojJolo,ies 
\ 

at 3(,0 GeV/c. 17.000 ."el'lt.at ZOO GeV/c. and 7.700 events at 100 GeVlc. 

In Fig. 1. we compare our ~nclusive  ,,'" production data for ,."p iDter

actions with corresponding ,,0 production data. The invariant cross section. 

£01' th" charged pion production near 900 (-0.3.:!O cos 0cm SO. 3.' for our 100. 

anrl !110 C."V/c data are plotted in Fill. I, where the average. of "." and".+ 

(\'''S,; .,:cl;"ns "re sho..rn. We also show the ,,0 production cross sections 
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of Donaldson et a!. [4] obtained near 90° ill 100 anciZOO OeV Ic 11'-pinter. 

actions. It is evident that our P distributions for ,avera,e 'II'. and ,,+
T 

production at 100 and ZOO CeV/c are quite consi~tent  with the pT distributions 

for ,.0 production at the same energies. Our new data for high-PT. pion 

production in 360 CeV Ic ". - P interactions are also shown. 

In order to study high -p ,,'" production\n ,. -... • interactions. we
T 

. . , .;..,.:' 

. "s~lect events corresponding to the react.ion ,,-1' - l'++(1 i36) + X'-. In a 
t·:.o; 

preVious paper [6). it was shown that the production of the recoil system X" 

is well clescribed by the one·pion-exchange mechanism. For the virtual ",. 

interaction the ma.. MX recoiling a,ainst the 6+ + represents the total energy 

itl the '''' c. m.frame. Weaswume that all events having 1.1 Z S M(,.+1') s 1. 32 

CeV with 't I< I CeVZ corres])Ond to the teaclion ,,'1' - ~+ + + X-- where 

X'- is produced via one pion exchange. From our entire sample (100. 200. 

and 360 CeV Ie data I, we have 2.700 events corres])Onding to this reaction. 

The M di.tributions for these events are shown in Fig. Z, The number ofX 

charged pions anociated with the X-- systems in these events is - 14. 000: 

these are utilized for the study of the indusive reaction 

,. -,. - _ ". + anything. ( I) 

Fig. Z shows that most of these events are at the high M or high ..[s (for
X 

the ",. .ysteml. We select events with 5.0 S MX S 17.0 CeV «..[s > = 

< MX > = 10.3 CeV) for t~estudy  of ,,'" production in high energy,,·,,' 

interactions. We note that the inclusive pion production in 100 CeV/c "1' 

and 1'1' interactions at Fermilab (.JS = 13.7 CeV) is in the similar energy 

region. 

..

The inclusive ,,"'pt"Oduc:tion in reaction (l) CBll be described in .terms 

of cos fl c. rn. alld P calculated with respect to the beam direction in the
T 

rest frame of X-·. The pions produced at -0.6 S coa' Scm S 0.6 an aelected 

to obtain the .... cro...ection ne.... &em :900 _nelto atudy thi,invarJ.f,nt 

croas section a. a fun<:1i_ of ,PT.' for P1' > 1 o_vlc. III Fi.~ 3a...,·ahowth. 

PT distribution (a rbitS'ary U1lit.~Uor  .* prod.uetiQ{l hi ,.',.. - interactions for 

our samltle with <..[s >. 10.3 OeV. The ,,0 productionda~ofDonaldson  

etal. lor 100 OeV/c ,...p and pp intetactiC>l\s at ..Ji. = 13. 7O~v are sh~n  

on the same plot and the PT -dependences of the three processes may be campar•• 

To compare the pion production data in the different reactions, we 

parametrize the invariant croes section f(pT) i EdIT Id3p as 

-n 
{("'r) = cPT' (2) 

From a least squares Cit to the data we obtain n = 6.2 * 1. 0 for the ,. ,.. 

ca.e. n=7.46*0.15 for the ".p case, and n=7.93,.,0.13 for the pp 

interactions. The "best fits" to the data are shown as soUdcurve. in Fig. 3a. 

The lower value oC n for the ,,-1' interaction as compared to that for the PP. 

interaction ha, by now been well established experimentally; this is readily 

understood from a theoretical point of view in term. of the hadronic structure 

of pions and protons. The constituents of the piol! carry. on the average. 

greater momentum than those of the proton. In ,,-,. - scatterin•• the constituent. 

invnlved have even higher average momentum than in .. -p scattering. Thus 

the still lower value of n for ,.. -" - scattering reinforces the conclu.ion that 

We have not attempted to extract the ".,,- cross section by Chew-Low� 
extrapolation. considering the limited statistics of our sample.� 
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the Pr -di.tribution at the .ame energy of the incident partic:le. become• 

• hallo....er a. the con*4:ituenU involved in the procell become harier. 

We may ..110 compare pio~  production data i" ","".- interactionl with 

the predic:lionl of the quark-quark Icatterin. model of Field and Feynman f71 

which haa already proven to be aucceeeful in ".p and pp intera~tio~•. We 

have calculated the invariant pion production croll lectionl in "-,,.-. ".p 

and pp i"teract$ol'ls from thequark.quark~.catteri~model uling a procedure 

given by Owenl et al.[81. whieh involvel a Ol~d~pendent Itrong coupling conltant 

.. s(Ol). 0 2 -independent q\l&rk fralmentation functionl, and appropriate quark 

structure f_ctions. For the proton we ule 0 2 -depende,nt q\l&rk structure 

funetions SUI,••ted by Buraa a&ld Caemen (9}, a&ld for the pion we ule quark 

.tructurefUDctionl obtalneclbyblewP,l&D et al. 0 0] fro~ muon pair production 

data in 1I"p interactionl•. 'I'he .relultlof tJ'e calc:~ations  are shown in Fig. 3a 

in tI!te·in••t (dalhed curve.). These curves yield value .of n = 8.1 for the IT"

cal., n : 8.6 for the ,,'p cale, and n = 9. I for the pp interactions. These 

,·al'Jesincrea.e progressively i.n the same ordez: al the fita to the data. More

o'·er. the data show the change ill: n ia t, n = 1. l * 1.0 between the ." - P and 

,.-,,~  interactions and .:n = 0.47:1i: O.·l between the pp and 'Tp interactional 

the model yields en: 0.5 for both ca.e.. We thus conclude* that the model 

predict. the trend of the P dependence for different reactions quite well. 
T 

'.'� A quantitative agreement between the data and the model calculations can 
only be expected at much higher PT CPT> 3 CeV/c) (lee Ref. 8). At 
present the calculation., which involve only fir.t order OCD corrections. 
adequately account for the high PT data because of the .mallness of the 
ccoupling constant at high QZ. For a quantitative prediction in the PT 
region of 1-3 Ge',/e, one would need to include higher order QCD terms. 
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In Fia. lb we plot the ratio of ,,+ to .. - ero.. ·sectiOJlS as a {,mctlon 

of liT (or '" -W - sc"tt.rm,. The curve shows ..elaltlfrom the mocIel calcula. 

tion described i" thepz:evious.ection. We (ind that the mo4al deaerib.. the 

data at high PT rather well. We note that this ratio is in..nsUlve.to the 

. details of the input function. used in the model calculation and hence the 

prediction by the theory i. rather unambiguous. 
~.  

In .umme.ry ~e  h,ave Itudied. for the first time, pion production in high _ 

energy "",,. - interaeUohl in the PT region of I.? CeV/c. We have compared 

the charac:terisitcs of ". -" - Icattering with those of If-p and pp·lnteractionl. 

We find that the PT -dependence of pion production in the different reactions 

follows a .ystematic trend. This trend is con.istent _ith thenotio" that 

hiah-PT pion production for "." interaction.... well ae for "pand pp 

interaction. proceed via quark-quark scatteringa. prediCated by OCD. 

This material is besed upon work supported by the Natioftal Science 
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Figure Capti2!s 

Fig. 1 Invariant crolS section for ,,0 and w* prOduetioli as a function 

of pT in ,tp interactions (a) at 100CeV/c. (b) at 200 CeVlc. 

and (c) at 360 CeV/c. 

Fig. 2 Distribution of MX ' the effective ina.. of X in thel'eaction 

''-1'-,,+ + + ie" for 1'00. 200. and 360 CeV/cdata. Theae 

events correslsOll.ll'to Itp~ I < 1. 0 OeV2 • where t~  is the 

squar;' <lithe four-momentum tranderbetWeen the baryons. 

Fig. 3(a) Invariant pion prOduction cronsection as a functionaf PT for 

,,-w'. w'p and pp interactions at about tbe same c:enter of mass 

energy. The solid elll"""s are fits to tbe data. The results of 

mOdel calculations (see text) are shown in the ins"t (dashed cur"".). 

(b) Ratio of ,,+ to ,, production cross section as a function of p
T 

in "-.,, - interaction at ..r. .. 10.:1 CeV. The dashed curve carre., 

ponds to mOdel calculation .(see text). 
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