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The inclusive spectra of leading hadrone on nuclei in the

projectile fragmentation region are described on the basis of

the model with intermediate leading states. Л good agreement

with experimental data [1] is obtained on processes hfl ~*"hX

( h s p, 31^ к
+
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x
 m 0.3 GeV/o and P
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The study of the apace-time picture of multiple production

proceaeee la oa» of the moat urgent problems in the strong-

interaction phjaica* It is generally known that from this point

ot -view the investigations of the processes on nuclear targets

can aerre aa a aouroe of unique information.

The published in the 80-iea experimental data [1,2] on

inclusive hadron apectra in hadron-nucleue colliaiona at

Ee$> 100 GeV atimulated the development of a number of pheno-

menologioal models [3-93 which described them with a different

extent of accuracy* Common for the mentioned models was that

they all were valid, atriotly speaking, only to describe the

apectra integrated orer tranarerae momentum of final hadrone,

PA . She compariaon with the data [1] at P± « 0.3 GeV/c

waa carried out [3-8] uaing the normalization procedurea

(inoluding the fitting of effectire slopes for the proceaaea

with a oertain number of oolliaiona [8] ), which obrioualy is

not quite grounded theoretically.

The problem of the correct description of inclusive spectra

on nuolei at fixed tranaverae momenta waa solved in Ref. [11]

in the framework of nonoovariant Glauber-Wataon formalism [10]



Fur-iher ons on the basis of the found expressions with account

of the hypothesis of intermediate hadronic states [12] the cal-

culation of inclusive spectra c£ leading hadrons on nuclei at

large Fj. was carried out. The achieved agreement with experi-

mental data [13] pointed out the validity of the basic assump-

tions of the applied model,,

Below in the present paper- the calculation in the mentioned

model is extended to include processes hfl —*" hX with not

large finite Px , which enabled us to carry out correct com-

parison with experimental data [1j at PA= 0,3 GeV/c and

Px •- 0.5 GeV/c,

Briefly* the essence of the proposed approach [3S 12] con-

sists in the following assumptions:

1 о In the soft processes hN ~*" hX the formation of

final hadrons in the fragmentation region of h includes the

stage of the intermediate state H whose valence composition

is identical to that of ft ,

2. At the considered energies the leading state H produced

after the inelastic hN~interaction displays hedron-like pro-

perties in ths sucleus and is capable of successive interac-

tions with a cross section equal to that of the parent hadron.

3» Fragmentation of H to final hadrons proceeds outside

the nucleus because of the large value of the Lorentz factor,

E/m .

4. The fragmentation process does not.depend substantially

on the number of collision» of the leading system with the

nucleus nucleons.

In these assumptions the methods similar to [113 lead to



the following expression for invariant cross section of the

process hfl —*' hX :

{u)eE(xf)T(Zn,«», B)J П [ exp {u)ee(XL...Лп x ' f j

irhere

(2)

J) ( B
;
 Z) ia on«-p«rticle nuclear density; Z

o
 x - ©o ; X

 t

X
1
 «nd X*

(
 are th* Vejuaaa variablee.

.' Bzpraaaion (1) takea into aeoount only tarme diagonal.orar

iv.ala«tio acta In tha differential oroaa aection on the nuclei»!,
• v.

which reatricta ita ralidity aainly to aondiffractire region



( X ̂  0.9). (The corrections due to the interference of par-

tial amplitudes with different configurations of collisions [11]

in general, may turn out essential for the diftractive pro-

cesses.)

According to the model applied, the differential cross sec-

tions of hN - and HN -interactions in (2) were assumed

identical.

The fragmentation function Ю (*н>Х, PJL ) in (2) is

determined by the relation:

(3)

At spectra parametrization in (3) ( h sp
;
«Jl

 +
 ,K

+
 ) in

 ч

the nondiffractive region there were used experimental data

0.3 4x<0.5

The quantities <дО /dX and Оь(Х; war* approximated

by expressions d6hN*/ciXir (1-Х) P(X) and 8hCX)£sR(X) ,

where "P (X) and R (x) are polynomials of 2-6 th power.

The iaolusire spectra h(H)N -*-.HX , just aa in Ref.[123(»

were paraawfrlsed for nondiffractire processes la the form:



(5)

•
 6
h(H)N-HX

with the parameter ён independent <: i X and the inelasticity

coefficient K« = (>>+ 2)/(->> +1).

The quantity Ь^ц in (5) is the total cross section of

. L. r> ctot .-cliff

nondiffractive nN -interaction, O^N
 e
 ^hN ~ "hM •

The diffractive part of spectra (5) was taken into account

by terms of the fora of

where D L is the diffractive cone slope in the elastic nN -

scattering, D
h M
 is the swm of elastic and diffractive

dissociation cross sections on nucleon.

She sijnplified notation (6) seemed to be justified, since

a description of the diffractive peak in processes htf ~** M .

was beyond the scope of the present work, and some difference

in the elopes for the processes of elastic scattering and

diffractive dissociation on the nucleon is highly inessential

in calculations of inclusive spectra (1) in nondiffractive re-

gion.

Taking into account (3)-(6), the expression for spectra

hfl~*"hX oan.be reduced to the .fora:



Е ̂ т;

zH{[S'(x~Xi...XnX
l
)dx,

h=l
 l

^

where

the factors

Ф
н
 ex, г) = 6,00

6H

,x'
?
j3

/
)

(7)

'< 0.5

correspond to the laat nondiffractive act of interaction of the

intermediate hadron in the nucleus and ita fragmentation to

obeerred hadron» h outeide-the nucleus.

The explicit form of function £}(x') in (7) at paraeetri-

zation ohoaen in the paper ia:
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'Tee Hi i - .•;:.-j ;.-& п и н и е й a u a b e r s ;'н.-: ..'' . . ' . • . ?ч-:г.~

calculated m nine Parrel Ол>ицл with .-.. . ̂ aus&xerss i'xoa [15 j v

the quantities 'o, „. , OUM' •, Оьк ,- «H. for three tj-оеь

of haarorss ( P, -R !" . K*' ) WBXS йеъеттьхпед ас; cor ding 10 11 о •

We dwell f i r s t l y OR -;HS deacriptAon of 5ro-.";eses р.Я -*• -5^

ГЛ th-э regioi. of das- : l- ! -

la expressicm (.?) t̂ .cr«i s.re rxguriiigP generally ар«ай;х&;;.

two ратвгоесех-s wkose values cannot Ъе derived directlv *r̂ »!5. tfb.e

available Qsperimental data on pyooeases pN " ^ PX . ther^

ars the quaBiii.les Ьи aad ^ ~'2 ( К^„-1 j/(f " KjjO) whlcb

characterise the interaction of ths- -Lat-SKisedrlate hadr'..vt.. : i

with, tlae nucleon.

I t was shovm in Kef« [IS.,« thai; th.® optiisal doaarxes^an at

processes рЯ -*~ |>X at eosaldsrabls (up t?o о-7 Gs<r-'c-)

i s attainable in the s i a i l a r mod-si et К ^ г о . ч

In tha salculatioas of the present work fixers are a.̂ ea. sns

raeatioaed i?alue of the e l a s t i c i t y oo-slficieiit ior uoriClit.̂ act-T.'-'.,

processes HpN -•*• Np)< aad the ~&.1иа of рагак^ивг &,м;-. -•

к 5o5 (G-eT/o)™1* Та® obtained results together -vi-sh

t a l data П1 -эг the different asuelsi аг-з preseatsd e...

in Pig. la ( P x = 0„3 GelT/c) smd Pig^'ib ( P,_ ~ 0.5 GeV

We'notice tiiafc tfee frasHiemtatioa fuaction (8) y-aio

ponds to spectra pp -*- pX Г^] aad Кцр к 0.55 has э

зйагр peak sis X я i , vyhiob. substantiates the арзгох1;р.ег.-:

Cactorisatioa of (3) over X' and FV



Tb» similar calculation aad coaparieon with ill* results [1]

were eaxxlad out for processes SI+fl -ч-Я+Х , The currea given
-1 ( t

I n P i g . 2 a and 2b correspond to Ъц„ « 5 . 5 (GeV/c) and K ^ »
- 0 . 6 3 .

The latter value for the elasticity coefficient exceeds

somewhat the value K
H
_ • 0.60 fovind in [12] in the descrip-

tion of spectra m~f\-+-3l~X with large P
x
 $ however, euch a

difference at substantially changed eharacteristic tranaverae

moaenta F
Ĥ
 , obviously, la not contradictory.

As for the description of proceaaea к*Д-*-К
+
Х , hare

because of the large experimental errors we preaent only re-

sults of the caloulationa for two nuclei,
 1 2
C aad

 6 4
Cu

(Pig. 3a and 3b). The curvea preaented correapond to §
Н к
 •

» 5.5 (GeV/o)"
1
 and Кн

к
 » 0.70.

It should be noted that in the calculation of spectra

ЬЯ-*- hX the values of parameters 8
H
 for all the three

processes were taken equal to o
H
 • 5.5 (беТ/о) , which is

close to the upper limit ( «* 5 (GeV/c)"
1
 at X -*• 1) LU]

for the similar parameters ej, ( h sp/5I
+
 , K * } in nondif-

fractive processes hp -*• hx_. From this point of view the

experimentally observed [143 fall-off in < f
ĥ
> with increasing

X in these processes can be explained by a decreaae in the

mean decaying mass of the intermediate hadron which at X -" 1

isuat but insignificantly differ from the mass of hadron h

*' In the choice of the distribution ~ 6
 x

 for spectra

HN-*" HX the results rather close to the above-cited

ones can be- obtained at 6н
 s
 «h
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Vow we dlaeuea briefly the dlatlnotion of the approach

suggested la this paper (••• alao Ref. t12] ) from acme like

models that have appeared la the reoent jeara.

•a waa mentioned аЬета, their mala drawback la the phenome-

aologioal daaorlptloa of the prooeaaea only at the lav»! of

incluaire spectra d6
h f t

*
h >
J/dx' integrated orer ?£fc •

 ln this

oonaection it la appropriate to mark out Ref. [9]^Ьзг£ espsri-

mental data [2] on apectra d$(p(p}£? ~~ ?if>}yQ/dX are des-

cribed la the model with leading bar/onic (antibaryonic)

oluater. She elementary laoluaire oroaa aectioaa of the leading

cluatera in soadlffraetlre prooeaaea here were noraallxed to

the ralue of total iaelaatio eroaa aectioa oa the nucleon with

aubtraoted (for aatlbarjona) annihilation eroaa section* This

reaulted in artifloial oTeratating of energy loaaea, ainee the

uoticeablc part of iaelaatio eroaa aeotioa ( ~ 5 mb) correa-

ponde to the dlffraetire proceaaea for whioh the energy losses

are ineaaeatial. A» a reault» for a satisfactory description of

the A depeadaaee Г2.3 the authors of [9] introduced the spectra.

^нн^нх/^
Х л
.
 x
i

 - 1 | W J | m e T # r e t a t e d
 ( «

 O # 7 5
) ^leeticity coeffi-

oient. The latter equally refera to Sef. [4] where juat like

in [3, 5-7J the oompariaoa with experUaental data [13 at P
x
 =

• 0.3 GeT/c waa carried out with the uae of the normalization

factor.- la general, to our oplnioa, not quite oerreet account

of the dif f raotlTe part of the apeetrua ia> eleawatary interac-

tion* la typiual practioally of all the worka [4-9] .

It should be alae indicated that the authera [5,6] need .-

the moael with oeaatamt auolear denalty, whioh lead to am*- \

tice.able differeace fram the calculations of affective audleoa '

J1



v i b f :•? a t ё поте r e s j - i s - l ? a u c ' i e a v 'k-n.sxty \of. the- K'sv~":-;

- к r e с; ил-,., t h a i n t r o d u c e d by evv;Jborp { '?.6j J'Vse г а г а л е т

&'~:..TUi. e. 'iiv-ajT..;.nr; of a v e r a g e e n e r g y louses г л е : . г й е ^ г а г у со

l o n e v'.irc«u o u t t o fcft immatureJ . i j " - J r a i l ,

On? of tiie a^a\«sptloas o* th® presest paper Is that йг

sauing aad '̂Oios in tbs fars^3®station yagios аге produced,

i-'izî : to decays oi' iBt^rrsiauie'Se I-sadiag bad^tsng !-̂  ., 'Eais,.

fiie.fally speaklrg, dees not isply tftv,t *.h» r'ri-..4.montatj.on of

- -'.ascribes c.11 the objects i.e. t ie crojactils Jr-iguiectatio:

;a;io??,. Thus., in the forftatica OJ ECEj.t;iir;: partj.cies •Vh.fere

i-T -urn our essential ronir otiiar шесааэаагдЕ T^j,~.t<v& i.n cŝ .'*,

fc ^ i ^ o f rjcElsaciii^c fead2?sssc =ЭЙ faave Sj?3/sri9S o u t

ШЗУЙ ?лв fcia:iif:.;;*'5:ra3t;les of H I

С^УЖ^Ц' iesvalT--. per^Jo'l,:'-'!у vvin гфох-жя >-.,-• •->• h--. ̂ PJM:



i V. \, '.it cad '̂oas looks contradictory, So, the sgreeraeiv

•/•atl? the- experiment /ох- some processes ( 31 + Л -*- рХ ,

'.'i"' Я -- :•' '•> * "Я -*-• 'К" л ; i;uraed out to be approximately at

".п. saaie '.Lsvei ss in J?*g<,4o At the saase tiae in the description

o;: ripeotse. pfi -*-^ v< tbere was revealed ai'i explicit xmder-

-v^ îmK îos oi' experimental data by theoretical ones practically

x'ox- a l l awelei in the uixole x.SDge of variable X <>

йе hsre rafrain frcjs saakiug any definite coaolusioiss on

Vu±?3 point, OTaviouslj tlxej srould ixare bsen preaatuxa before

гае appearance of new data on inclusive spectra of nonleading

on auclei 9 aspecially oa the proeeeses рЛ -**• ЗГ̂ Х „

I s ooacliisioa v?e'd l ike to note that in the framework of

approach t&e description of proeessee ЬЯ "*" h X

for eiGoll traosv^re® transferared moEpats end for

H -̂  1 -•• 7 <SeV/c [12 3 i© to ОШГ- laisu a substantial argument

±B i&voisx of the mousl

:EOQ шШот Is tfos&tetul to S»f)u Gevorfeyaa and H*R. Gulkanyan

/or
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Figure Captions

Fig.1. Invariant cross sections of processes рЯ-*• pX

as functions of X at incident proton energy

E
e
 = 100 GeV. P

x
 a 0.3 GeV/c (a), P

x
 a 0.5 GeV/c (Ъ),

Pig.2. Invariant cross sections of processes ft
+
-fl -*• 5f

+
X

as functions of X at incident pion energy

E
o
 - 100 GeV. F$.« 0.3 GeV/c (a), P

x
 «= 0.5 GeV/c (b).

Fig.3. Invariant cross sections of processes К
+
Я -- K

+
X

as functions of X at incident kaon energy

E
o
a 100 GeV. l̂  » 0.3 GeV/c (a), FJ, - 0.5 GeV/c (Ъ).

Pig.4. Invariant cross sections of processes ЗГ^Я -*• 5Г~Х

as functions of X at incident pion energy

E
o
 « 100 GeV. Р

х
« 0.3 GeV/c (a), P

x
 a 0.5 GeV/c (b).
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