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INCLUSIVE SPECTRA OF HADRONS IN PROTON-NUCLEI
COLLISIONS

A model is proposed, which allows one to describe all experimental data
on inclusive spectra of different hadrons produced on nuclel. The model is
based on tne following assumptions:

1) After the first inelastic collision with nucleon in the nucleus the
proton transforms into some excited system H, which collides with the other
nucleons during its passage through the nucleus. Since in inelastic collisions
the wee partons play the dominant rale, the valence quarks of this system H
coincide with those of proton.

i1} Fragmentation of H into hadrons {as well as into proton) is dilated in
rhe iab system by the Lorentz factor £/m » 1 and so it takes place out of the
TuCiels.,

Jsing the methods of multiple scattering theory one can recelve the
nnection between inclusive spectra on nuclei and those on nucTeons The cal-~
.tlations of inclusive spectra of different hadrons ( p, n , f% , k* ) were

ione, anc a satisfactory description of the experimental data was obtained
‘t should be noted that this description was done without introduction of any
‘ree parameters. Analogous models are discussed, and their difference from

the method proposed is outlined.
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C.P.TEBOPK/H, I.P.IVIKAHAH, B.M,BAMKOYTH,
A M, KOIJHAH

VHKIOSVBHNE CIHEKTPH AIPOHOB B IPOTQH-ANEPHEX
COYIAPEHUAX

lipennokeHa MOLeJH, UO3BOJANEAA OIMCATE BCH COBOKYIHOGTD
SKCHEPEMEHTANBHHX NAHHHX 0 MHKJADSUEBHHM CHEXTDEN pA-—hx(h=pp,aixd),
morveenrHx Bo FNAL [2]. B ocHoBe MOZeJm JMemaT CReAyROMe Npel-
TOJOREHAA: 2) OOCJe IEPBOTO AaKTa B3auMONeiCTBRES HAZETAnmero
JDOTOHA C HYRJIOHOM SAra 00pa3yeTcs RBOSCYRNEHHOE 2EDOHHOE COC—~
wofEe M, ROTOpOe AUCIHTHRAET DAN NHOTORPATHHX HEYUPYI4x He-
repaccesumit B grpe. [IOCROJBKY B HEYODYTHX COYNBPCHAAX NPHHANG-
KD Y98CTHE MeIeHHHE MODPCBHE IADTOHH, BRASH[HNE £00TaB S0CTCH-
FuA ¢ COBNANAET ¢ BAJAGHTHHM COCTABOM IpOTCHS: 0) Qparveiyé-
qag H B aupoHM (B TOM 9MCHE, B OPOTOH) BS3NMENEHA B JASCDOTCD-
soft cmeTeme RoopmEHET Ha JopeHm-PagTop E/m 1 ¥ mpomexcmny
BHE AXpa. MCIOIBL3YA AINApaT TEeOPHH MHOTOKDATHONC DPACCEHHEM,
JEACTCH NONYUKTE CRARL MERKY MHEJINBABHHMM CUSKTDOM Ha Ampe ¥
GIIeRTDaMA HA HyRJOHe. lIposelelr KOHKDETHHE DACYETH WIRIOIHBHEY
SISKTPOR DASIMYHHX aXpoHCE (PP, T ¥, %) = nomywero ViCBIeTBO-
DRTENBHOE COIVIACHE C SKCHSDEMSHTONLHHME ISHHENME. HeodxonaMc
GTMETHTDL, YTC ONMCAHEE NOAyYeHO GaKTHTRCKE Jez RBEJEHESE CBOCOI-
FHX APaMeTPOB. KpaTre o0CyRIADTCA AHANOITYHNE MONENE X ¥X OF-
LIERE 0T HDeRIArasMoro MEeTOHR .

SNeBAHCKEY (MBHYECKUW MHCTITY T
Epesan 198%




One of the urgent problems of the strona interaction physics is the es-
tablishment of the space-time picture of high-energy hadroproducti;m. From
this viewpoint, of particular importance is the investication of the hadro-
production processes on atomic nuclei, particularly of inclusive spectra in
these processes, especfally sensitive to the mechanisms of formation and
interaction of hadrons and hadronic systems in the nuclear matter in the
space-time ranges of the order of a few femi. At present, there are oretty
enough experimental data on the nggjron inclustve spectra in the hadron-nuclet
collisfons [1] . Comparatively complete and statistically provided data in
the region of highest energies available were recently obtained in Fermilab
[2] . In these experiments there are measured the inclusive spectra of had-
rons in the processes pﬂ—*hx(h‘P"; o t, K") in the incident hadron fraa-
mentation region (0.3 € x & 0.88, where x is the Feynman varfable) at
two fixed values of the final hadron transverse momentur, P, = 0.3 and
0.5 GeV/c, and 1nitfal momentum, FPo= 100 GeV/c.

At the present paper these data are described o_uantitative'ly within the
simple model of the leading hadron multiple interactions. The model is based
on the following assumptions.

The first act of interaction of the incident proton with the nucleus
nucleon produces the excited hadronic state H which undergoes in the nucleus

mltiple inelastic interactions with the cross section eaual to the fnelastic



cross section in the proton-nucleon interactions.

In the inelastic interactions there participate the slow sea partons,
therefore the valent composition of the hadronic state H coincides [3] with
that of the incident hadron (proton) and does not vary at multiple inelastic
interactions. The fragmentation of the excited hadronic state H into hadrons
H == h (as well as into protons) 1s slowed down in the lab system by the
Lorentz factor E/m » 1 and occurs outside the nucleus.

In tnese assumptions the multiple scattering theory yields the followino

form for the inclusive spectra integrated over transverse momentum:

db — = £ Np (6)P, (x m
‘CT;_(P'H hx) 1 n( n(X)
where
-67T
Ne (6) = 2 § (67787 %8 (2)
are the so-called "effective nucleon numbers", T(E):S_P(E:l'!)di is

a projection of one-particle nuclear density P(‘Z) on the impact narameter
plane. ¢n (%) 1s the inclusive spectrum of the final particle h rrovided

that the leading hadron in nucleus underwent n inelastic collisions.
Xmax  Xmax 3)

1 d6 1 _é-_g (
b, 00={ ... [ T en—rmwaem—ny.."
A ‘/x‘...an

-é'l—xq (HN-—hx) 8 (X=X, Xn)dx, - dXq

In this expression the factor g%(HN*hx) is the inclusive cross sect-
jon of the production of hadron h in inelastic interaction of the excited
hadronic state H with the nucleon.

Since the inclusive spectrum of an hadron of the olven type h in the
fragmentati\on region 1s determined practically only by its valent comnosition
[4] ., one may expect that gg(HN*hX)=‘%g(pN-* hX) in virtue of the

above assumption about fdentity of valent compositions of proton and state H,
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As inclusive spectra of the elementary acts PpN-—+ hX (h=pr, 973, K*)
the experimental data from Ref. [5] are used.

Turn now to the choice of the form for the inclusive spectra %%(PN“'”X)
and STS(HN*HX) . Note first of all that in the considered exneriment [2]
the inclusive spectra are measured in the region x £ [.88, where the pro-
cesses of the diffraction dissociation type contribute insionificantly.
Since the calculation of spectra on nuclei with small losses (i.e. in the
region x < 0.9) is beyond the scope of our consideration, we negiect the
contribution of the diffraction dissociation processes at which the enerny
losses of the leading hadren {or excited state H) do not exceed a few per
cent [6] .

Following from the stated-above the elementary spectra satisfy the

following sum rule:

xmux d,s xmxds in (4)
S .d_x_(pN-'-HX)dX=S (T;(HN*HX)dx=5 (pN)-GdiﬁEG
X min X min

where X .. = J."% is a minimum value of variable x in the lab system; Xemax
is a maximum value of variable x at which the non-diffractive inelastic
interactions take place; Gd_if;z 5mb 1{s the cross secticy of the diffract-
ive dissociation 6 at energies in the region of 10D GeV; S'in(pN)=3l.4 mb.

The form of the spectrum %g— (PN==HX) can, in principle, be determ-
ined experimentally by measuring over summary limiting momentum {in the lab
system) the distribution of all particles produced in the target pionfzation
and fragmentation regions. Such experimental data are not available 50 far.
Therefore, to simplify the calculations w2 shall consider the spectrum con-
stant, 1.e. with account of (4): g;?"(PN"'l"D()= 6 =2.4m (5). The
spectra g—s—(HN"'HX) in all subseguent acts of inelastic collision of the
excited hadronic state H with the nucleus nucleons are chosen in the same
way, {.e. the validity of scaling in elementary acts is assumed,

The calculations of the nucleon numbers (3) were carried out in the
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fermi model for one-particle nuclear density using the parameters from
Ref. [7] .

To compare the calculated spectra (integrated over P, ) with the experi-
mental ones (at fixed P, = 0.3 GeV/c) we present th% inclusive spectrum
‘ﬁ——z—ﬁz%—ﬂ-‘e& *-g-f— . For the < P2>
we adopt the following values: 0,23 (GeV/c)z for nrutcms;*0,1-'0((;'@1}‘:)2

on nucleus in the following form:

for pions; O,lG(GeWc)2 for kaons; O,E(GeWc)z for antiprotons. These
values are close to the experimental values of mean transverse momentum for
the corresponding particles [8] .

Figs 1-5 present the results of calculation of the inclusive svectra on
nuclet calculated according to the expressions (1), (2), (3) in the above-
mentioned assumptions, and also their comparison with the experimental data
[2] at  Py= 0.3 Gev/c is given.

As one can see, the calculated curves and experimental data are in
satisfactory quantitative agreement for all the nuclei and various hadrons.

The other, different from our sugaested, versions of the model of the
leading hadron multiple scattering, by means of which the experimental data
are described only on the proton inclusive spectra in the reaction pii-*1>x .
are considered in Refs [9-12] . In Ref. [9] the form %g= 6i'ﬂ(pM)a 3.3 =
1s chosen for the differential cross section of the Inelastic interactions
of the leading baryon. This leads to the artificial excess of energy losses,
stnce a part of the inelastic cross section ( ~5 mb) corresponds to {nelast-
ic processes of the diffraction type for which the energy losses are insig-
nificant; there is not achieved a satisfactory agreement with the exveriment,
especially in the region of small x, where the calculated curves 1ie
noticeab]y Tower than the experimental points.

in Refs [10—11] a satisfactory agreement is achieved.by introducing a
free parameter which has a sense of mean energy losses by nucleon in ihe
elementary nucleon-nuclecon interaction. It turned out unusuaily Tow

(0.1 + G.26); note also that in Refs [10-11] the calculations are carried




out in the constant nuclear density approximation, this leadino to constder-
able discrepancies 1in the calculations of the "effective nucleon numbers"
with realistic nuclear density (Fermi-type distribution) used in the presen
work, especially for My (6) . This discrepancy is illustrated in Fia.6,
where the A-dependence of the effective nucleon number N, (6) is olven
in the Fermi model (curve 1) and in the model with constant density (curve 2).

In Ref. [12] it is assumed, just 1ike in the present work, that in the
first act of the inelastic interaction of the incident proton with the
nucleus nucleon there is produced an excited baryon state which underqoes
multiple inelastic interactions inside the nucleus and decays into proton
outside the nucleus; as a decay function the quantity VV@ 5'(1-x) is
chosen, where va a 0.5, i.e. the decay into proton takes place in half
of the cases, the whole momentum being transferred - the assumption which
must not be considered well-grounded. The description of the experimental
data 1s achieved by fitting as a free parameter the value of the leading
system elasticity coefficient, the data in the region of small x = 0.3
being failed to'describe {the experimental data are systematically highar
for all the nuclei). It should be emphasized that the mentioned models can
be applied only to the processes of pA-~= pX type (i.e. when the initi-
al and final hadrons are identical), while the model suagested in the ore-
sent work describes also the data for pA == hX (h=9%,k*p). Note,
however, that 1n our model also a set of approximations is apnlied, which
in the presence of more detailed experimental data on nucleons and nuclei
can be specified (the spectra of the excited hadron production in the nro-
cess PN—=HX , dependence of the inclusive spectra on transverse momen-
tum).

Note in conclusion that the experimental data [2] on pﬂ-" hX react-
ions are described (approximately at the same level of quantitative aaree-
ment) also in the framework of the other approaches ~ in the quark additive

mode [13] and in the dual-topological unitarization madel [14] . Thus the

e
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further experimental and theoretical researches are necessary to finally

establish the mechanism of hadron fragmentation on the atomic nuclei,

The authors are indebted to K.Sh.Egiyan and S.G.Matinyan for their

interest in the work and useful discussions.
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