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INTERACTIONS

The inclusive #pectra of leading hadroms on nuclei in the
projectile fragmentation region are described on the basis of
the model with intermediate leading states. A good agreement
with experimental data [1] is obtained on processes hf —= hX
(h= P,ﬂ*, K* ) at P, = 0.3 GeV/c and P = 0.5 GeV/c.
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The study of the space-~time picture of multiple production
processes is one of the most urgent problems in the strong-
intomﬁon physics. It is generally known that from this point
of view the investigations of the processes on nuclear targets
can serve as a souroce of unique information.

The pudlished in the 80-ies experimental data [1,2] on
inclusive hadron spectra in hadron-nucleus collisions at

E,» 100 GeV stimulated the development of a number of ph_ono-
menological models [3-9] which described then with a different
extent of a.ccﬁru.cy. Common for the mentioned models was that
they all were valid, striotly spesking, only to describs the
spectra integrated over tranlnrn_ nolpnttm of final hadrons,

P, . The comparison with the data [1] at P, = 0,3 GeV/c
was carried out [3-8] using the nonulﬁution procedures
(inoluding the fitting of effective slopes for the processes .
with & certsin mmber of collisions [8] ), which obviously is
not quite grounded theoretically.

The problem 6! the correot desoription of inclusive spectra
on muclei at fixed  transverse momenta was solved in Ref. [11]
in the framework of noncovariant Glauber-Watson formelism [10]
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Further cn, on the basis of the found expressions with account
of the hypothegis of intermediate hadronic states [12] the cal-
culation of inclusive spectra ci leading hadrons on nuclel at
large P, was cerried cul, The achieved agreement with experi-
mental data [13] pointed cut the validity of the basic assump-
tions of the epplied model.

Below in the present paper the calculation in the mentioned
model is extended %o include proceases kA — hX with not
large finite RL , which ensbled us to carry out correct com-
parison with experimental data [1] at P, = 0.3 GeV/c and

p

ER

= 0.5 GeV/c.
Briefly. the essence of the proposed approack [3;, 12] con-
siste in ths folloﬁing assumptions:

1. In the soft processes hN —= hX the formation of
final nadrons in the fragmentation regior of h  includes the
stage of the intermediate stete H whose valence composition
is identical to that of h .

2. A% the considered ensrgiesz the leading state H produced
agiter the inelsstic hN~interaction displaye hedron-like pro-
.orties in the nucleus and is capsble of successive interac-
tione with a croa@s section qugl to that of the parent haedren,

3. Fregmentation o2 H +to final hadrons proceeds outside
the nucleus beceuse of the large value of the Lorentz factor,

E/m . -

4. The fragmentation process does not depend substantially
on the number of colllsions of the leading system with the
nucleus nucleons.

In these assumpiions the methods similar to [11] leed to



'the following expression for invariant cross section of the
process hA — hX
hA~hAX
d6; et

A
inet X tot - g
Bo= g 2 | {-Ow TCms o BB |

h=1

x d*Bd%p & (x- X4 .- KX )Xy Ak X Qg (X % B

x exp {0 (XF) T (2,22, BI} [] [exp {eoge (X; - XaX ) *

x T(2g-y, 20, B p(B,21)d 21 Qynep (Xi 5 Xy - XnX'B ) 6@i-Ei-],

vhere

£
-, _( d6, B .
@et(x)"g ;;r;%-ﬂ exp{—LP_,_x }d?P_..;

dsh(H)N-—HX (2)

- gy 2 .
Q..-meg (%Xi,Y)= g m QXP{‘LP,_U }d Py}

(i) sondom 1
Slg(Xn :X,,F) = Sﬂﬂ‘hx(xu,x,&)exp {—LP;P }dZPL ;
. 2 ¢
T(2,,2:,B)= S p(B,2)dz;
- Z
?(B; Z) 4is one-particle nuclear density; Z,= - oo

x

X' abd X; ere the Peynman variasbles.

Bxpression (i) takes into account only terms dingona.l over

irelastic acts in the aifferential crou section on the nucloua’
which restricts ita validity mainly to nond:lf!:nctivo region
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( X £ 0.9). (The corrections due to the interference of par-

tial amplitudes with different configurations of collisions [1ﬂ
in general, may turn out essential for the diffractive pro=-
cesses.) ‘

According to the model applied, the differentiasl cross sec-

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

identicel.
. H"hx ]
The fragmentation function 2 (Xw,X, P) in (2) 1s

determined by the relation:

hCON=RX gy .
d6 - =\2 xR a—-‘%é-— & (x~xux’) #

* 5 (R-R-x'F,)d’R, dP dxudx’.

\
At spectra parametrization in (3) ( h = P,W+, K* ) ia .

the nondiffractive region there were used experimental data

[14:! | ...__6_hrhx —'f (x Py déhN*hx
dxd?h, T
2
£ om)- Se;,six) exP{-Sh(x) P_._} , X>05 @)
(A A AR A

B () exp {_.. 8, ()P }, 0.3<x<05

X
The quantities dsth*hx/dx and Bn(X) were approximated
by expxjolniéna' dGhN*,ydx:‘:(_i-x)P(x) and . Sh x) = R(x) ,
where ‘P(X) and R(X) are polynomials of 2-6th power.
The inclusive npo&tra. h{H)N = HX , just as in Ret. [12},

were pgruofriud for nqndiﬂrsotivo processes .tn the form:

6



h(H)N—=HX

h(HIN—>HX 2 |
dé bu d6
EE = ptEeRlge
(5}
h(HN-=HX
db
Py =By X"(W+1) = 6309

with the parameter BH independent ~{ X and the inelasticity.
coefficient KSEP- v+ 2)/(9-!- .

The quantity 6hN in (5) is the total cross section of
nondiffractive hN —interaction, O,y = Gf,:‘t - 6:3‘4 .

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

by terms of the form of

. 14
6:;” . -%‘— exp{- Bf,e P }6x-1) | (6)

where B;e is the diffractive cone slope in the elastic hN -
scattering, 6,,: * 18 the sum of elastic and diffractive
dissociation cross sections on nucleon,

The simplified notation (6) seemed to be justified, since
a description of the diffractive peak in processes hfA —> hX
was beyond the scope of the prgscnt work, and some difference
in the slopes for the procesges of elamtic scattering and
diffractive dissociation on the nucleon is highly inessential
in calculations of inclusive spectra (1) in nondiffractive re-
glon, '

Taking into account (3)-(6), the expression for spectra
hA = hX can be reduced to the form:



hA—*hXx
d6mee

E —55p ~(2:u)zg
A

" 4‘? {[S(K~X1 ”‘xnx'>dx‘ dxndxl¢h(xn IX';P) x

Jo(Rpdp {20 <

N
x Py (Rnag ) KnX'B) o By (X1, %2 o+v X X'p)] = -

A-n tot

nte (6
Z[ E)MSN{) (E?u(xp)) }

where

Na(6)= o g(ar( o0,00, B))" exp{-67T (~0,0, B)} d28,

dt#
g = o exp (- Zag}

63
CPH (x,2) = 690() TBEJ:‘_—Z—’-)-% + 8 (x-1)Yu(z).

the factors 3
By (XnX')

(B (xnX)rg)% 7

. 2
Gv(xn)exp{- m} , o,3<xnx'< 05 .

XX » 0.5

©,(Xn)
¢h(x“)x'1p) =

correspond to the laat nondiffractive act of interaction of the

intermediate hadron in the nucleus and its fragmentation to

observed badrons h outside.the nucleus. _
. The explicit form of function 2Q(X’') im (7) at parsmetri-

gation chosen in the paper is:
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The similar caloulation and comparison with the results [1]
were carried out for processes GItA =A*X , The curves given
in Pig.2a and 2b correspond to Buﬂ = 5,5 (GQV/C)-1 and K:,; =
= 0,63,

The latter value for the elut:}city coefficient exceeds
somewhat the value Kffi = 0.60 found in [12] in the descrip-
tion of spectra T A—+T X with large P, however, such a
dtfference st substaniially changed characteristic transverse
momenta P, , obviously, is mot contradictory.

A8 for the description of processes K'A = K'X , here
because of the large experimental errors we present only re-
eults of the calonlations for two muclei, '2¢ ana S4cu
(Pig. 3a and 3b). The curves pruontod correspond to ng =
= 5.5 (Gev/c)~! and Ky = 0.70.
© It should be noted that in the calculation of spectra

hA— hX the values of parameters GH for all the three
processes were taken equal to by = 5.5 (GeV/c)™! '). which is
close to the upper limit (=5 (GoV/c)_'1 at X — 1) [14]
for the similar parameters by ( h = p, T+, K* )y 4a nonait-
fractive piocesaoa hp — hx « From this point of view thse
experimentally obaerved [14] tall-of? in < P_Lh> with increasing
X in these processes can be explained bty a decrease in the

iy
LA

mean decaying mass of the intermediate hadron which at X — 1
must but insignificently differ from the mass of hadrom h .

*) - e - Pf
In the choice of the dilstribution ~€ for apecirs

HN—= HX the rusults rather close to the above-cited
e
ones can be. obta:l.ned.at Eu = Bh
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Now we disowss briefly the distinotion of the approach
suggested in this paper (see also Ref.[12] ) from some like
models that have appeared in the recent years.

As was mentioned above, their main drawback is the phencme-
nological description of ths processes only at the lawvel of
inclusive spectrs dGhR’thx' integrated over -Q:h . In this
connection 1t is appropriate to mark out Ref. [9] whars sxperi-
mental data [2] on spectra dO(P(P)&— piPNY/dX  are dea-
cribed in the modsl with leading baryonic (antidaryonic)
cluster. The elementary inclusive cross sections of the leading
clusters in nondiffractive processes bare were normalized to
the value of total inelastic croas section on the nucleon with
subtracted {(for antibaryons} ammihiletion cross section. This
resultsd in artifiocial overstating of energy lossea, since the
uoticeable part of inelastic oross section ( ~ 5 mb} corres-~
ponds to the diffractive processes for which the energy losses
are inessential. As a resuli, for a satisfectory description of
the A dependence [2] the authors of [9] ir.it-;mduood the spectra
dém‘".x/ dx~ X® -with an overstated { = 0.75) elasticity coeffi-
cient. The latter equally refers to Ref. [4] where just like
in [3, 5=7] the comparison with experimental data [1] at P, =
m 0.3 GeV/c was carried out with the use of ths normsliszation
factor.. In general, fo our opiniom, not quits cerrect account
of the diffractive part of ;ho spesirun is elementary interac-
tions iz typical practioally of all the works [4-9] .

It should be alse indiceted that the authers [5,5] usad
the model withk censtant muclear density, which lesd to a me-
ticeable difference frem the calculatiens of effective nudleon

11



> o4
] T
et
3
-~ i
g &5
o af
S - [
i
A )
+ v
i
3
L. Y

T

o

M.«

v

sasniatdon

oo
G

Tais.

cf

tion

[ =N

(IL58 4X

Gy on
Yadx

o,

EoXiig

&

o

P

3

i

R

5

R LAy

s

'}
)




zdlng nedcrons locke contradiciory. So, the agreemen

fuor aome processes { YA -~ X, -

: a i
R N 1 s D

A i turuned out to be approximately at

Br oBade ki 28 N Fig.4d. A% The game times in the description
npeotve. PH - T there was yevealsd an explicit under-

4 B e

Ton Bl anclel in the whole range of variable X

o
iz nere yefraln from making any defindite coanclusions on
“vals poind. Obviouslj they would have been premature before
“he zppeavaace of new date on inelusive spectra of nonleading
nedrens oa nuciei, espscially on the processes pPA —> ATX |

In sonclusion we’d 1iks to note that in the framework of
& ooEmon epproach the depcripiion of pyscesses hfi — hX

uotn Ifoxr small transverse i(ransfersed momsnite and for

e - 7 GeVie (121 1s %o our mind s substantiel argument

in favour of the model proposad.

Taoe suthor is thenkful o S.R. Gevorkysn and H.R. Gulkanysn
F0F the discuseions.
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Figure Captions

Pig.1. Invariant cross sections of processes pA = pX
as functions of X at incident proton energy
Eo = 100 GeV, P, = 0.3 GeV/c (a), P, = 0.5 GeV/c (b).

Fig.2. Invariant cross sections of processes N*A — fi*X

as functions of X at incident pion energy
. Eo = 100 GeV. P = 0.3 GeV/c (a), P, = 0.5 GeV/c (b).
Fig.3. Invariant cross sections of processes Kt A — K*tX
ag functions of X at incident keon energy

E,= 100 GeV. P = 0.3 GeV/c (a), P, = 0.5 GeV/c (b).

Fig.4. Invariant cross sections of processes H*A — T~ X
as functions of X at incident pion energy
Eo = 100 Gev. P, = 0.3 GeV/c (a), P, = 0.5 GeV/c (D).
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