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Abstract
pal -l N
Charged pion producuon in hxgh energy v w~ interactions is studied

in the pT teglon of 1-2 GeVIC. The charactenstlcs of pion production in

=Te" mteracuons are conxplred with those in »"p and PP mteractions The
p.r-deoendencc of p\on producuon in these reacttons follows a systemnc trend
whxch xndxcates that high- p_r pwn product\on for wn mteractnons as well as

ior ~p and pp interactions proceeds via quark quark scattermg as preducted

by QCD.
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Parhcle producnpn lthngh tnnsverse momentum (p.r) is beheved to -
result (rom the imeuction of. badronic constituents [1]. Smgle-pnrhcle -
mcluswe data trom the CERN Inuuecting Stouge Rings [2] and from 4
Fermilab [3, 4} have been lmlyud in terms of thu hypo!haul. In thale
expenmenu. particle production in proton-proton. proton-nucleul, n;\d pion-
proton lnternctlonn has been studied, To mveshgate the role of hldromc con-
stituents in high—p.r plrt\cle productwn 1! is 1mportant to compare reactions-
produced by initial state target and beam particles having #xiferent u'xternll‘

f

structure, We'report here the results of a study of ‘largev PT (1 -‘Z ’G;Y;/c) ‘
inciu:gw % vprod\‘:ction. at ¢c. m, angles centered around §0_°. ih'hi'h"lvlc‘l‘"
".'- interactions and complre thele re;ults with #° production in - pp und
rp reactions at compauble energ:e:‘. . ’ o ‘
Our data are derived from. » p interactions at beam momenta of 100
200, and 360 GeV/c These expenmenn were performed at Ferrmhb unhzmg o
the 30-in. hydrogen bubble chamber wide-gap spark chamber hybrid lyntg:n.
Details of the data analysis have been previoully reported {5. 6]. For the

present analysu. we use samples of about 29, 0600 events of a!l charg/e topologws

at 360 GeV/e, 17,000 evenu at 200 CeVIc. and 7,700 events at 100 Gevlc.

In Fig. 1, we compare our incluswe 11* product\on data for » p inter-
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actions with corre:pondmg » productlon data. The invariant cross sections

for the charged pion production near 90° (-0.34 < cos 0., < 0.34) for our 100

and 200 GeV/c data are plotted in Fig. 1, where the averages of v~ and ot

criss sections are shown. We also show the 7 production cross sections
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of Danaldson etal. [4] obtained near 90° in 100 and 200 GeV/c » p inter-
actions, Itis  evident that our p dutnbutiom for average ‘w and ot
production at lOO and 200 GeV/c are qu\te consistent thh the p,r dutnbutxonl
for »° produchon at the same energies. Our new data for hxgh-p,r pion
production in 360 Gev/c r’p mteractmns are also shown.

In order to atudy h:gh-p.r 1'* productxon\m L w(“ mter;ctionﬂ we

:.‘select events correspondmg to the reaction n p — z\* +(1236) +X7. In’ a
pre;;ou- paper [6], it was shown that the prot;luchon of the recoil systern x™
is well déscribed by the one-pion exchange mechanism. For the virtual wr
interaction the mass MX recoilmg against the A++ represents the total energy
in the eﬁr c.m, frame, We anume thnt ull events havmg ! 12 s M(w p) <1.32
Gev with 1t l¢ 1 GeV correspond to the reacuon n'p— at? + ' where
};-- is produce4d via one pion exchange. Frox;n our entife sample (100, 200,
;nd 360 GeV/c data), w? ha;re 2, 760 even‘tl correbsponding to this reaction.
The MX distributions for tﬁese events ;re shown vin Fig. 2. The number of

' charged oicms associated “;ith the X~ synems in thele events is ~ 14, 000; '
Vthese are utlhzed for the study oilthe mcluawe reaction k

k " v" _ "* + anything. ' ' (n

’ th 2 shows that most of these events are at the hxgh M_. or high s (for

X
the Lad syltem). We select events with 5.0< My <17.0GeV (< NE > =
< My > = 10.3 GeV) for the study of n* production in high energy n n"

interactions. We note that the inclusive pion production in 100 GeV/c np

and pp interactions at Fermilab (As = 13.7 GeV) is in the similar energy

region,

( - ~n

The inclusive #¥ production in reaction (1) can be described in terms

of cos @ and p,r calcuhud with respect to the beam direction in the

c.m.
rest frame of X . The pionl produced at -0 6 s cos 8, S 0 6 are selected

to obtain the «*

cross section nesr @e¢m * 90 and to atudy thi;,invar‘lantf
cross section as a function of .pr for p.x; !> 1 Gev.-/c*. In‘rig."h we show the.
Py distnbutxon (arbltrnry units )for * yroductiqn_ in =« n " interactions fox.-
our sample w:th < '\@ = 10 3 GeV The ° fnro&ucéion 'd;h\vof,_Donaldson
et.al, for 100 GeV/c " p and P ihteractgéns at \fi = 13.7GeV ;ré shown
on the ;ame plot and the‘p.r -depéndenk:es of the three procesles.kma’y"b'e ‘c'omptrtd;

To compare the pion production data in the different reactions, we
parametrize the invarfant cross section f(p,) ¥ Edg /d’p as

flpy) = cp,;,n. (2)

From a least squares fit to the data we obtain n = €,2 £ 1.0 for the = "
case, n=7.462 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 solid curves in Fig. 3a.
The !owef value of n for the w;p vihteuction as compared to that for the PP
interaction has by ‘now been well establilﬁed e'xpeiimentally; this is readily
unders;ood froma th;d~refical poix;t of view in tér;;xs‘ of t}xe‘hadronic structure
of pions and protons. k‘The‘ coﬁ:iituents of ti:e‘ ﬁioh carry, on the ave;ig;.
g}eater momer;tum tﬁln those ’oi t‘he proton. In »"n~ scattering, the conultitue‘n»tsk
involved have even higher average momentum than in r"p scattering. : Thu:’

the still lower value of n for « w~ scattering reinforces the conclusion that

“ We have not attempted to extract the 7 n~ cross section by Chew-Low
exirapolation, considering the limited statistics of our sample.
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the p_r-di;tribution at the same energy of the incident particles becomes
shallower as the constituents involved in the process become harder,

We may also compare pion production data in » n" interactions with
the predictions of the quark-quark scattering model of Field and Feynman {7]
which has already proven to be auéceuiul in rp and pp interaétioﬂl. We
have calculated the invariant pion production cross sections in 7"n~, »’p
and  pp interactions from the qmrk-quark,;'u;:utering maodel uaing a procedure
given by Qwehs et al, 8], whieh involves a Qzedqpqndent strong coupling constant
_(,’(QZ), Qz-independent, quark fragmentation functions, and appropriate quark
structure functions. For the proton we use Qz—depende_nt quark structure
functions suggested by Buras and Gaemers [9], and for the pion we use quark
structure functions obtained by Newman et al. [10] from muorn pair production
data in: »”p interactions. The results of the calculations are shown in Fig. 3a
in the inset (dashed curves). These curves yieﬁ value of n = 8.1 for }t}’:e LA
case, n = 8.6 for the »“p case, and n = 9.1 for the pp interactions. These
values increase progressively in the same order as the fits to the data. More-
over, the data show the changein n is An=1.2 % 1‘.0 between the # p and
'r-:r"' interactions and s n = 0,47 % 0.2 between the pp and r’p interactions:
the model yields » n = 0.5 for both cases., We thus contlude™ that the model

predicts the trend of the pT dependence for different reactions quite well,

* A quantitative agreement between the data and the model calculations can
only be expected at much higher Py (p.r >3 GeV/c) (see Ref. B). At
present the calculations, which involve only first order QCD corrections,
adequately account for the high p. data because of the smallness of the
coupling constant at high Q2. For a quantitative prediction in the p
region of 1 -3 GeV/c, one would need to include higher order QCD terms.
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In Fig. 3b we plot the ratio of »* to v~ cross sections as a fﬂl‘étion
of p, for v7w” scattering.  The curve shows results from the model caleula-
tion described. in the previous section. We find that the model describes the

data at high p, rather well. We note that this ratio is insensitive to the

-details of the input functions used in the model calculation and hence the

prediction by the theory is rather unambiguous.

In summnx;y wz_e have studied, for the first time, pion produciion in high _
energy n " x_ interactions in the pq region of 1-2 Ge\lflc.r We have compared
the characterisites of n n" scattering with those of »"p ;nd pp interactions.
We find that the p.r-dependence of pion production in the different reactions
follows a systematic trend, This trend is consistent with the notion that
high-p.r pion production for wn interactions as well as for wp and pp
interactions proceed via quark-quark scattering as predicated by QCD.

This material is based upon work supported by the National Science
Founddtiiu_a (Grant No, PHY-8007627 and PHY-78-19759] and by the U.S.

Depgrtment_of Energy, Division of Basic Energy Sciences,
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Figure Captions
Fig. 1 Invariant cross section for »°® and ¥ ‘production as a function

Fig. 2

Fig. 3(a)

(b

of Pr in n p interactions (a) at lOQ'GeV/c. (b) at 200:GeV/c,
and (c) at 360 GeV/e, i
Distribution of My, the effective mass of X~ in the reaction
rpentt + X7 fof 100, 200, and 360 GeV/c data, These '
events‘corrélﬁbhd'to ltP.A. | <1.0 GeV?, where ton is the
square of the four-momentum transfer between the baryons.
Invariant pion production cross section as a function of Py for
»"w", = p and pp interactions at about the same center of mass
energy. The solid curves are fits to the dats, The rasults of
model calculations (see text] are shown in the inset (dashed curves)., :
Ratio of «* to »" production cross section as a function of pT }

in "'rw; interaction at Vs = 10.3 GeV. The dashed curve corres-

ponds to model calculation (see text),
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