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ABSTRACT

The hypothesis is verified, that the main process in se=-
condary hadron production is the relativistic intranuclear
cascade. Both the eikonal and quasieikonal models are shown
to be unable to reproduce the data on A-dependence of spec-
tra for secondary K,D.

An additional hypothesis on projectile structure (addi-
tive quark model) improves considerably the common agreement
with data, although the character of remaining discrepancies
proves the additive quark model to be & rather crude approxi-
mation, New experiments are proposed in order to clear up
the applicability limits and accuracy of tl..J model.

At last, the influence of posegible low-energy intranuc-
lear interaction of secondary K,p on their spectra is esti-
mated quantitatively. :



1, I¥"RODUCTION

‘ompon interest to hadron-nucleus colligions is induced
by possibility of secondary intranuclear interactions of both
projectile and newly produced particles (secondaries). So, one
may treat the mucleus to be some kind of analyzer [1] , & mi=
croacopic "buble chamher"[:%]. Varying its dimensions (atomic
weight A) one can study: :

(i) an inner structure of projectile in both projectile
[3-5 ]ana nigh-p, [6,7] regions,

(ii)a space-time development of multiparticle production
processes [?,3,5,3—1é], which contribute mainly into central
region of specirae,

(iii) nuclear effecis like fluctons [}3]. short-distance
correlations of nucleuna[}4], etc., which may dominate in the
nucleus fragmentation region (in particular, in the gso-called
teumilative” region, which is kinemaiically forbidden for pro-
duction on free nucleonsh

It should be admitted, that such & program is still rather
far from completion. Let us briefly summarize some difficulties,
erising in study of the "main" problem, the gpace=~time deve =

~ lopment of hedron-nucleus collision.

The mein point is, that in most of experiments (e.g. the
emulsion [15] and [}6,17] ones) there are measured some general
characteristics only, like the total multiplicity of secomdari-
eg, their distribution in pseudorapidity and S0 OR. It is seen
from studies [8-12], that such data ere pot crucial to the in-
trinsic dynamics of hA-collision and can be easily reproduced
by many of models, including even those beged on quite diffe-
rent theoretical cunceptﬂ1 .

Moreover, any discrepancy arising between the models and
date in question is not too large and, probably, can always be
explained eitlier by crudness of theoretical models, or by in-

1) Compare, for instance, the hydrodynamical [13,9] and
parion [3,5] modela,



fluence of (rather unknown) background pracaaaaaz, €s8e« DIro=-
jectile and nucleus fragmentations,absorption end rescattering
of secondaries by the rest of nucleus, etfc. Let us stress,
that such coniributions are maximal in spectra of pioms, being
the main component of secondaries.

From this point of view the most promising tool is expec~
ted to be the low-mags nonresonsnt dilepton production, Their
spectre obtained in hN-collisons are quite gimilar to those
of secondary hedrons, but in hA-collision they mey leave the
collision region without extra interactions. Moreover, one has
the dilepton mass as an additional parameter. Changing it, ome
can study transition from soft hadronic processes to the hard
ones.,

Unfortunately, there no data on dilepton production in the
both central and nuclear fragmentation regions, and correspon-
ding theoretical considerations seem to be too early.

Very interesting information cen be obtained from specira
of massive secondary hadrons (K,P, etc.). Let us stress, that
they are more informative, than those of pions, Firstly, the
corresponding predictions are more model-dependent (at least,
they are more sensitive to the kinematics of model). Secondly,
the contributions of fragmentation processes are expected %o
be suppresed; moreover, any multiplication of heavy particles
in low-energy cescading is negligible. So, one can gimplify
the whole problem, dividing it into two: the first one on the
particle production in the "main" process of hA=-collision, and
the second one on the subsequent interactions of secondaries
with the rest of nucleus,

Existing models of the "main" proceas in hA=collision
fall naturally into two groups: those of cascade and collec-
tive models.

The former contains the models, reducing the process of
hA-collision to & set of hN=subcollisions, in each of those

2) See, for instance, discussgion [}9]. Note, that estimates
for background processes are rather unreliable and require
additional assumptions.

secondaries are produced independently. Altermetive possibili-
ty is pre ented by the latter of collective models, agsuming
either the collision process is collective from the very be-
ginning, or it results in formation of collective system,
which contribute in production of secondaries., In cascade mo-
dels an increase of A results in more branching cascade, while
in collective modela it results in the growth of mass and gize
of collective system.

In this paper we resirict ourselves by the enalysis of cas-
cade models, Our analysis of collective models will be given
in the next paper [20].

Let us briefly summarize developments of cescade approach.
Its parent representatives are the cascade evaporafion model
[21} and Glauber optical model [22] + Their relativistic ge-
neralisations on the basis of both parion and reggeon phenome-
nology give rise to the parton-hadron cascade model (HFCH) [23]
and also to the eikonal [11] and quasieikonal [12] models. The
idea [24] , thet hadron is the system of spatielly separated
.uarks lay the foundatiom for the additive quark model (AQM)
3—5,10]. There are known at least two versions of AQM: the
quark-parton cescade model (QPCM) [5,10], being the generaliza-

_tion of HPOM, and the model [ 3], assuming (quesi)eikonal dy-

namics for the quark-nucleus interaction.

The aim of this work is the verification of basic concepis,
underlying the cascade approach. The mein hypothesis, that
high energy hadron-pucleus interaction is reducible to h~-in-
teractiona, is tested in the framework of (quasi)eikonal model.
Besides this, we verify the hypothesis on quark addiftivity in
both projectile fragmentation and central regions. At last, we
egtimate the influence of intramuclear intersctions for secon-

&m K,ﬁ-

The main characteristic under our study is the A-dependence
0f spectra, So, we often use the data parametrization

' o olysps)
piS eI Y. day TR (141
; a p!h&1 a’p|bA, v 2




where Yy,p; 8are repidity and trensverse momentum of final par-

ticle. Besides this, we use &lso cz’u(y,pt):
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Tn section 2 predictions of the simplest, parameter=-free
version of eikonal and quasieikonal models [}1,12] are shown
to be inconsistent with data.

The extrs hypothesis on the quark structure of projectile
(sects3), the additive quark mndel[g-S] improves considerably
agreement with data (sects.4~5). However, our study shows also,
that this model has serious problems even in the projectile
fregmentation region, where its applicability mey be expected
to be the best. Some crucial experiments being needed sre also
discussed.

At last, let us some comments on the intranuclear interac—
tions of secondaries, conasidered in gect.6. In meny works
(e.ge [3,11,12]} guch interactions are completely ignored, or
secondaries are supposed to be produced behind the nucleus.
However, at present accelerator energies the formation lengjh;)

Lf i pme 5 2'Rcleus
for most of particles, produced in ceniral region, as well as
for those produced in the nucleus fragmentation region.

Since the momenta of secondary pions are not high,their in-
teractions with intranuclear nucleons may have rather complex
regonange behaviour, and corresponding estimates of low-energy
cascading are difficult.

Estimates can be essentially simplified for heavy particles
K,p, etc. Our numerical Monte~Carlo simulation of cascade
shows that their intranuclear interaciions may lead to congi~
derable distortion of their specira. In particular, consider=-

3)Even the most "optimistic" estimates [3] ghows that mz-u

~ Q.2 G'E"irz.
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able broadening of their pt-distrihutian in nucleus fragmen=
tation region provides a good test, whether these particlea are
produced inaide the nucleus, or behind it.

Tn summary and conclusions we stress the main results, as
well as some questions, which require additional study.

2, SIMPLEST CASCADE MODELS

In simplest models of relativistic intranuclesr cascade
one of two main mechanisms is usually conaidered:

(a) multiple intrenuclear interactions of projectile (leading
particle cascade model), or

(b) intranuclesar hedron-parton cascade of goft secondaries.
In eikonal mndels[‘_l*:,‘iz]tluma.in role is ascribed to the casca-
ding by the projectile, while in the parton-~hadron cascade
model [23] one considers mainly the ceccading of secondaries,
In fact, one can see from refa.[ﬁ1,12,23,25ﬂ that at present
accelerator energies Eﬂﬂ*‘m2 Gavl contributions of both pro=-
cesses to the pion production are comparable.

A gquite different situation is for production of heavy par-
ticles (e.g. K,B, etc.). Since the emergy of secondaries (main~-
1y, pions) is not too righ, the heavy particle production ép=
pears %o be kinematically suppressed, and the main contribution
should be expected frum;ife regcatterings of projectile, 5o,
we restrict ourselves by “onsideration of gikonal models.

2.1 The mein assumptions of eikonal models can be swmarized:
in the following form [8,11,12]: :

{i} the process of high energy hedron-nucleus collision
consists of a set of independent subcollisions of projectile
with nucleons of mucleus;

(ii) the spectra of secodaries produced in eech of subcole
1igions are the same as that produced in collisions of projec-
tile with free nucleon;

(iii) psrticléa are formed outside the nucleus their inter-
actions with nucleus should be neglected.

The latter assumpiion warranted only for very fast partic-
les. It may be inco~rect for slow particles, produced in the



nucleus fragmentation region and, probably, in the centrael re-
gion, Below we consider both of the extreme possibilities:
Lf = 0 H.n:i I.I = 00,

Tt follows from (i)-(1iii) [5,11,12]:

E iﬂr = gPA(V) Z: wv[En; E‘i!"‘!EY}x

a”p
E1illEy

x5 g a8
> 1
i=1 2P

' (2.1)
hN; E.;',=Ei

where P,(V) is the probability of V intranuclesr subcolli-
sions, which can be estimated [12] by the optic formulae, using
the realistic intranuclear density distribution. The function
WylEs; E1,...,Ey) being & "free parameter" of model ia the con=-
ditional probability, that subcollisions occur at energies
E‘lll'tilEvl

In the gikonal model itsell [11] all of the subcollisiomns
are ordered by their effective energy“:

E1 = on E.E = E.; (1"'k}] LN (2.2}

where Xk ~ 1/2 is the inelasticiiy coefficient of subceollisi-
ons.

In the guasieikonal model [121 equipartition of energy is
assumed:

Wy(Eo; Eqs see +Ey) ﬂf&Ea - ?‘1 Ey) (2.3)

Paking in eq.(2.1) for (E l;%_LJH} the parametrizaetion of
P

data [27-32] one obtains predictions having no free parameters.
liote,that using this parametrization one overestimates
the comtribution of projectile fragmentgtion by the factor of
(V). Therefore such estimates are valid,in the region, where
fragmentation contributions are negligible, otherwize fthe

eq.(2.1) gives the upper 1limit,

4) Subcollisions cannot be ordered in usual temporal senae. be=
caugse of uncertainties relation (see, €.8. [EE ) I

——7

2,2 _The A-dependence of SpecEIS. Let us consider its quali~
tative bek wiour. In eikonel model the first subcollision pro=
vides the same multiplicity a8 in common hE-colligion at the
game projectile energy E,» So, one should expect ci-(y.pt} 20
in the whole E:inama‘bicai re ion (excepting the region, where
the producta of prajec-!t'I.'L_"e g%ﬂte}. In fast part of specira
cﬂntributr%nn of next less energetic subcolligions is negligi~
ble and « —+0.

" In contrast, in quasieikonel models the cha_racteriﬂtic
energy of any gubcollision is Ei~ E,/<W, therefore the fest
part of specira ig dominated by contribution of peripheral
hadron-nucleus collisions with {V>~1. Their probability decre=
ase a8 L'”f’ and one has e =1/30

In slow part of specira any of subcollisions contributes
by the seme order of magnitude, so for crude estimate we have
vere d~1/3 in both of the models. In order to obtein MO¥e
accurate estimates one should take into account dependence of
eupcollicion specira on gubcollision energy in the alow region
too. In particular, p&ra.matrizing E-"']—'Hi- oC (E,) {F’Pt},

d-p |hN,E,
in quasieikonal model one has an catimate o ~1/3 (1=P).
Por kasons in the target fragmentation region @ ~0 (scaling
beheviour), hence o(K ~ 1/3 here, For antiﬁrotons p~0.5-1
even in the nucleona fra.gmintatin;t“ regiun5 scaling is violated)
therefore one may expect o 3 ’('d]{‘

2,3, Comparison with data, The quantitative estimaies (see
Appendix for details) are preseated in Figs.1,2. '.I!h%_g Tepro=
duce qualitetively the main trend din dependence of ol on the
kind of final particle, but in central region they are congi-
derebly below the data [33,34] (let us remind, that our esti-
maies provide the UPPEr 1imit 1)«

Tt should be,however, noted the following poink, The both
of models may be applied to the goft processes only. The ques-
tion arlses: are really soft the processes, which correspond
to the plotted 11 Pigs.1,2 points [33,34] for p,=0,5=1Cev/c ?

5) In particular, this fact can be treated a8 an evidence,
that contributions of mucleon fregmnentation in antiproton
gpectra are small.



One may expect [}6], thet in p, -distribution the transi-
tion from soft io hard hadronic processea take place at Dy~
Oe7-1 Gev/c. DMNoreover, the data [33,34]show that in the re-
gion of p, = 0.5-1 Gev/c & is esgentially independent of
Py and it grows rapidly at pﬁf? 1 Gev/c. Thus, one may hope
that the data [33,34] are relevent to the soft processes too,
but more detalled end accurate data at lower p, are very
degireble.

Let us discuss briefly the intranuclear interactions of
' secondary K,p. The rescattering of secondaries deccelerate
them and increase the portion of slow ones, while the absorp-
tion decrease their number. For X ,p absorption dominates,
and we have the damping of whole apectra, while for K* there
is no abgorption and decceleration decrease the number of fast
particles and increase the number of slow onea(for further de-
tails, see sect.b). Note, that intranuclear interactions make
disagreement between the models and data to be more drematic.

Thus, we c¢onclude, that both of the models are unable io
reproduce the data [33,34] in central region,

For fast secondaries the predictions of eikonal and quasgi-
eikonal models are above and below the data [ET], reapectively.
In principle, one can describe the data, choosing in eq.(2.1)
corresponding distribution on subcollision energy Ei' but such
attempts require more careful treatment for projectile frag-
mentation processes, which are the next topic of our cornside=-
ration.

3, THE QUARK STRUCTURE OF PROJECTILE

In the previous section we ignore completely the inner
quark structure of projectile h, First of all, the projecti=-
le structure should be taken into account in the region of
its fragmentation. Besides this, we consider below the influ-
ence of projectile structure on the spectra of secondaries
in both central and nucleus fragmentation regions.

The simplest nontrivial assumption is known as the addi-
tive quark model (AQH) [3—5,10]. It suggests the hadron to be

i0

IlIIIIIIIIIIIlI.I.I.I.lllllllllllllll....lllllllllIIIIIIlllllll.........................-----_____r____________________________

& system of loosely bounded "constituent" wvalence qua?hs--dhch
a quark is esssumed to be"dressed". From the parton po.m uf
view these asgsumptions mean, that in the reference frame, vihi=
re the hadron is relativistic, each of (constituent) qua?k'
has his own parton ladder. At present accelerator ener%l?s
these ladders are spatially separated - accordingly to Ljfj

4
their mixing may occure af B, = 10" Gev, ' ﬂ
By other words, the projectile is a jet of independent

hadronlike objects (comstituent quarks); moreover, the brea-
king of any constituent quark into partons as & result of its
inelsstic interaction with target does not break the parton
ladders of others.

In the framework of AQM the whole process of multiparticle
production may be divided into three subsequent stages[}-ﬁ,ﬂﬂ
(i) the pair inelastic interactions of ‘constituent quarks,.beu
longing to each of the colliding primary hadrons (or nuclel?,
The "wounded" quarks break into partons, the others fly, being

ngpectatoxra”. .
(ii) the dressing of partons, leading to formation of newly

produced constituent quarks; _
(iii) Formation of secondary hadrons. The mutual recombina-

tion of newly produced quarks gives rise to the hadron produc-
tion in central region, while the recombination of spectaiors

with newly produced quarks &s well as the spectators fragmen=
tation contributes to the products of fragmentation of prima=

ry hadrons (or nuclei).

The cross section of quark=quark interaction is not large:
g ~ 3-4 mb, Therefore the typicel inelastic hadron-hadron
collision involves only one quark from each of primary had?ons
The mutual screening of quarks is estimated [24] to b? small,
and for the integrated inelastic cross gections additivity re-

lations are valid [38]:
111 n o n
- I8 =Z]-6 ﬂZth (3.1)
6111112 ; Zi: e T o S 193 |
where DB, o are the numbers of quarks ine each of primary
¥

hadrons h, 5. For (u,d,i,3)-quarks cross sections are appro=
ximately e&ual, and for nonstrange hadrons we have:

11



hh, © n1“:r6qq i “1th,, = “2(‘_?;qhi (3.2)

in hadron-nucleus collision the length of free path can be
comparable to the size of nucleus, In this case the additi-
vity in eqgs.(3.1=2) is violated:

v iy S
h = ——IG-—--H‘-H'-u = 1 ¥ '[.3-3}
hi
where Hfh is the mean number of quarks, which are broken into
parion= ee result of hadron-nucleus collision, Obviously, for
heavy nucledi Fh-*-nh, being the total valence quark number.
Let us consider also

A-©
vﬂ = _"‘"T_gl{" ::’ 5 e (3-4)
6*14’1

which characterizes the mean number of nuelenne, which inter=-
act with "wounded" quark s

The greater atomic weight A is, the greater both the nume-
bUT"VhIJf 'wounded" quarks and the number V of intranucle=-
ar interactions of each of them are, hence the higher multi-
plicity is in central and nucleus fragmeniation regions; cor-
responding decrease of speciators number regults in decresase
of multiplicity in projectile fragmentation region,

Such a picture haz been proposed in ref. [39], its conge-
quences are considered in refs. [3-5,16,40]. Let us below ana-
lyae the most important ones,

4, TPROJECTILE FRAGMENTATION

The main assumpiion is here that the process of projectile
fragmentation may be divided into two subsequent independent

3
) Let us remind, thet in quasieikenal model [72] an analogous
quantity V -I&G;hmfﬁﬂhﬁ characterizes the mean number of

projectile intranuclear interactions.

12
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atages |_J-5. TD]

(i) the .essing of projectile through nucleus {=eme of
quarks are absorbed at this atege), and

(ii) frngmentetien cf spectators sct {q } into the finsl
hadron h s

6, (a-n)= 2. 6, ={al)ifu}-10" (4D
{as}

The cross section €3A}h-4-{q }) to heve a set of specta-
tors {qi} can he caleulated [3 4ﬂ] uzing the standerd for-
nulee for passing the pertielee through matter, The probabili-
ty factor E{{ql}-- n') characterizes the tranasition process
{ei}svh and can be estimated using eq.{4.1] from datae on
fragmentation croas sections 6; (h-*-h )« On the other hand,
if one knows this factor from independent estimates, one has
predictions for G;A('h -""h'}.

A lot of predictions [3 4] arises, if one fakes an agdditi-
onel assumpticn, that F, {{q }-h. } is idependent of A
Under this assumption +he A-dependence for any item in eq.(4.1)
is given by known factor Eﬂaul"*ﬁhpt while Eﬁ({qi}—rh'j de-

pends only on X =p /p, where p, p , are the momenta,
h > H

carried by projectile and final hadrons,respectively. Therefore
]

one may estimate Fﬁ({qj} ~»h ) at any fixed A, in order to

predict G}L{h*h'jl for arbitrary A.

It is obvious a priori, that the wvalidity of such a model
ig violated at smell X, where one should expect a consider-
able ccantribution from A-dependent density of newly produced
quarks, One of the criteria for this contribution to be small
mey be the validity of scaling for spectra of fragmentation hi,
becauss the density of newly prcduced quarks depends not only
on A, but the energy of projectile.

In many practicel cases eq.(4.1) takes a very simple

7) This assumptior 73 also used in [41] . Jome attempts to
egtimate such A-dependence can be found in refs. [5,10,¢D].

13
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4.1 The simplest examples, Let us assume for simplicity,
thal emong the quarks (antiquarks) of projectile h there no
strange ones, and therefore Ggﬁ{h-*{qi}] is independent of the
kinds of "final" quarks (antiquarks). It is very convenient
to introduce cross sections to have any one, LtWa, ex-"Tinal"

(anti)quarks:

GA{H-q} = 2 GA(!E-'q1} - Eéhtﬂ*ﬁz)
where q, and EE are respectively quark and antiquark of pro-
jectile meson M, For baryon B one has:

G,(B=q) = 36 ,(B+>q,) = ...
S, (B=qq) = 3G 4(B=q.qp) = ..
Let us consider the following ceses:

(2) h is meson (i) and ht is any hadron, both M end h
have one common (anti)quark q,. From eq.(4.1) it fﬂllﬂﬂﬁ[ﬂﬁg

G;A(M--h') - 1;2-6A(m-rq)-F{q1-h'} (4.2)

¥

In this case one has the A-dependence to be universal for any
X and kind of h'.

(b) h is barion (B) and n' is meson (Hﬁ}, B and M have one
common quark qqe One haas:

J!L{B-M.} e 1‘;36‘{..[3*[1)-}‘_(@[1-]]5') +

+1/36,(B=qa) 2. Flaq=i) (4.3)
i=2,3
gince both the characteristic time of spectators mutual inter-
getion and the time of their fragmentation (or recombination)
into hadrong are the same order of magnitude, the presence of
exira spectator q {in the second term) may influence
the process q1-ﬂ-M', Tf this influence is neglected, one

hasg [4];

GJ._:{E"'MI} = 1}’3{6 h{B""q}+26ﬂ(B+qq4'F(q1*ﬂ ) (413‘]

ie well in previous case of eq.(4.2) one has the A-dependence
L]
to be vniversal for any X and M,

{c) h anc n' are both baryons (B.B'J, having only one common
quark gq,. Thi? case is identical to ?he previous one,

{(d) h and h are both baryons (B,B ), having & common pair
of quarks q1q2[3.4]= -

" T
A(B=B ) = 1;3{63{13-:1} Z. P(q;—B ) +
i=1,2 )
I r
+6, (B=qq) [F(q.lqz-ﬂ ) + 2 Playq;~B :El} (4.4)
i=,2
The simplest way to teat the above assumptions is the veri-
fication of eq.(4.2). In this way one should check up the fac-
torization of dependences on 4 - and X. This way is most di-

]
rect one to clarify the question, whctler Fcﬂ}{q-4-h ) is in-
dependent of A,

Unfortunetely, such a factorization is absent for sums in

eqe,(4,3=4), and their verification requires some knowledge on
. |
#{{gy =h ). BSo, let us take an gdditional assumtion, that

function F{B)(q,—-hl),which enters in eqs,(4.3-4), coincides

with that F{M)(Q'-Fhi), entering in eq.(4.2) after a resca=-
ling of PFeynman varieble X (= Ph,fPh}:

P (q=n'; 2) = P (q=n'; 20) (4.5)

The rescaling reflects the fact, that both the functions should
be taken at the same X' = Ideq‘), where -!:J[q} is the portion f
of projectile momentum, carried by each of spectator quarksBJ
Taking this input, one can estimate by the eqs.(4.2-5)
both the quark and diquark fragmentation functions at some

8) phis relation seems to be quite reasonable in the region

K*;i 1, while at ,K*Et 2 it fails completely. If one estimates
both the left and right hand sides of eq.(4.5), using the quark
counting rulea[hfl. one can see, that iE is valid within the ac-
curagy 40-50 pe:s cent in the region X £ 1.5:

%{T-I*fs}j & (IeBe£3)

15
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fixed A, using a sufficiently complete set of data on GA{h-rh)i
In particular, ai A=1 one has from the sdditivity relations

(see eqs.{3.1=2)):
Gy (M=) = Oy
Gﬁ_:.l':.B-l-qq} ] Gms 6.&‘1(3'—' Q} '=’ Qs

Therefore cne can estimate the quark fragmentation function di~-
rectly from the meson-nucleon reactions, as well as the diguark
one from the baricm=-nucleon reactions, Further,sssuning these
i‘unn:'l;ionﬁ to be jindependent of A and substitut them into
El:j_ﬂ.(4.3:"4} one obtaines predictions for any A i, Below we
perfom such an analysis for the processes I’A-—*:“h . e
using the data E&j—-%]. ._ '

4,2 N produciion,  From eqs.(4.2=4) one has:
M+ N) = 3B, Hark) (48

6 (p =) = ©,(p>0) p(a>N) +
+ } 6, (a0 [Faish) + zrtua+n‘fﬂ (41
where symeiry Flu=A") = F{ﬂ.—rﬁo} is used.

The probabilities of querk and diquark fragmentation into
A° are estimated from data [43,44] (WBe >A°+X, B, =

200 Gev/c and pBe-r-ﬁo-t- X, p,= 300 Gev/c), assuming Equnamb "

(correspodding values of GA(h'*{q:}} are given in Table 1).
The results are plotted in Fig._‘).ﬂ

The predictions for © #{p—i-.-"'i ), A=64,206 are shown in
Fig.4. Let us note, that in the regiom X 50.5—0.6 they are
systematically below the data [44], and corresponding values
for &beBa are below the data too. The main point is here,
that the discrepancy is also large in the region X £ 0.3,

9) Let ue add, that in this way one can teke into account any
influence of resonance contributions on the specira of f£inal

particles.
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where the eq.(4.5) is expected to be valid,

Anoth~r disagreement, may be, the most drametic one, arises,
if one compares with dats the predictions for oL o Joue Let
us stress, that it takes place in the whole region of X, in-
cluding the region X 20.5—0.6, where one=-speciator contribu-
tion is negligible, hence 1t independent of the quesation, whe-
ther the assumption on eq.(4.5) is valid, Note, that the expe-
rimental velue of dPh Jou S50 be reproduced, if only the on-
1y parameter of the model & oN has an unacceptable low value
~ b=Tmb.

Aede Ks and Kt production, For Ks one has analogously:

G,(r—=K) = 3 §lw=q) Fld~K) (4.8)

G,(p ~K) = 3 G,(p>q) Fd=Kg) +
-+ % GA{.P""QQJ F(ud*Ks} . {409}

The fragmentation functions, eatimated from the same data
[43,44] (% Be*K + X, y= 200Gev/c and pBe-+K_+X, p=300 Gev/c)
are presented at Fig.3. It eppears to be rather unexpected,
thet et X 2 0.3 the quark fragmentation function drops more
glowly, than the diquark one, Moreover, in the same region
the corresponding predictiona (Fig.5) for & (p*KE), as well
as for o are considerably above the data [44 5

The most likely explanation is that AQM fails just for the
process W —¥ K  in the region X > 1. This guess is*auppcar--
ted by the existence of some break in spectrum at X ~ 1
(see Fig.3), @8 wpll as by the fact, that at x'>1 this spec=
trum is at veriance with the querk counting rules [42]. It is
commonly accepted,(see, e.g, [42,4‘?]), that triple reggeon con-
tribution dominetes here.

For the process 77 -» K* the break arises at J{*N 1.5[45].
The corresponding quark fragmentation function (Fig.3), avera-
ged over the projectile proton

Flq BTy & %F(d*lﬁ) + %F(u-—ri‘:"']
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is estimated from deta [45) on the processes W —> K°, assum-
ming F(d-ﬁ-K+] = P(d =K ). The corresponding diquark func-
tion F(qq-*-E+) ig estimated from the data [46].

The main observation is that the quark and diquark functi-
ons coincide within errors in the whole regiom 0-5{11:51.5.
It excludes completely the hypothesis [4 ], that each of sur=
viving spectators fragments into final hadrons 1ndenendentl;,
because in this case one should expect F(qq=h ) = 2F(g-~h ).
The recombination picture [ 3], aupears to be more realistic
one, since it predicts F(qg=h') = 5/4-FP(q=h').

However, such a proportionality of the gquark and diquark
fragmentation functions leads to A-dependence of K¥wmeson
spectra to be universal at sny X. It corresponds %o L op/Be

0.61, while the data [27-29] agree with this value only &t

G - < 0.3 and for higher X they tend to a lower values ~ 0.5

OQur predictions for Eiﬂ{p K*), plotted in Fig.6 agree with

data [ET-EQ]at X~ 0,2=0,3 and overestimate (at least, by the

factor of 1.5-2 ) those for heavy nucleus (Pb,Cu) in the regi=-
on X ~0.,4-0.5.

Hcﬁever, the situation is not yet clear to come to final
conclusions becsuse of %wo problem. The first one is that the
data [27-29] are taken et too low energies (E,=19,24 and 70
Gev), while the fragmetation functions correspond to E, =
200=300 Gev. The second problem being the most serious one is
thet our additional assumption, expressed by the eq.{4.5) can
fail at X > 0.3 (er I"? 1)y if so, the whole procedure be-
comes meaningless in this region.

4,4, Possible developments. The main problem to verify AQM
for baryon-induced reactions (eqs.4.3-4) is the mecessity to
to have an independent estimates for querk fragmentation func~
tion., A very attractive way to estimate this function is the

2
gtudy of electroproduction processes at low Q°, Concretely,
one should extract both the quark distribution ipaide the pro-
jectile baryon and the gquark fragmentation function and convo-
lute them, Unfortunately, the distribution of constituent quark
is not yet a sclved problem, &3 well as there no data on the

2
quark fragmentation functions at low Q.
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Nevertheless, let us illustrate this idea by the analogous

convolution for guark-parton functions, extracted from.high_ﬂg
electroproduction and e'e ~annihilation processes:

H{q "-"‘K+; XI) = Zq: i az - CP-‘PQ{Z)-DQ'—"K-‘-(%J

where cp-q is the gquark-parton distribution [45] inside the
proton and Il.,_1 -kt is the corresponding fragmentation func~
tinn[}ﬂ]. There is surprising similarity in shape between

the considered above function F(gq—K') and H(g+K"} (see,
Fig.3), although the former describes the soft fragmentation
processes for conatituent quarks, while the latter describes
the hard fragmentation processes for quark-partons, The dif-
ference in normalization reflects the fact, that the constitu-
ent quarks carry the whole momentun of projectile, while the
quark-partons cerry only the half of ii. There is no doubts,
that this question deserves more careful study.

Finally, let us summerize this section. The most important
and direct test of AQM is the verification of eq.(4.2) for
meaon-nucleus reactions, Firstly, one should clesr up, whether
the A-dependence of final particles spectra is universal at
any X. Secondly, one should check, that this A-dependence is
the game for any final hedron h', containing one spectator
quark, In this way one can verify the main hypothesis, that
the production process consists of two Independent subsequent

stages, as well as the sssumption, that the quark fragmenta-
tion function 4is independent of A.

Because of lack of data for meson=-induced reactions we
have perfomed the less transparent but independent test of the
model for baryon-induced reactions, using the eqs.(4.3=5).

We have found that there are some problems for ﬂa-productiﬂn;
for meson production some problems can arise because of triple
reggeon contribution, being important at I ~ 1., Besides that,
we have also found, thet in the region, where AQN works well,

the recombination picture [3,5,19] for final hadron formation
processes is more preferable, than the fragmentation ome [/4]

At last, we conclu e that more detailed date are very desirab-
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le in order to clear up the accuracy and applicability limits
of additive quark model for fregmentation processes.

5, PARTICLE PRODUCTION IN THE CENTRAL REGIOR

Accordingly to AQM, in the central region secondaries are
produced as & result of decays of Vy "wounded" quarks. If
the dynamics of quark-nucleus interactions is guasieikonal
(the multiladder processes dominate, as it is assumed, €.g.
in raf.[j]}]ﬂeaeh of the "wounded" quarks has Ph intranucle-
ar interactions, The total number of "production center" is in
AQM the same, as the numhefELf those in the "structureless"

quesieikonal model (QEM) [12], considered in the sect.2 :

li -V, = EE. G;QE;A{;QE = fjégﬂ = 1? (5.1)
h "A Gahm. Esq& q;hA

Let us stress the most important specific features:

(i) In the structureless QEM an effective subecollision ener=

gy E; decrease with A as E?!‘F, while in AQM E, ~ Eo/ Ve
It means that AQM predicts both the parrowing of specira and
their shift in rapidity toward the nucleus fragmentation re-
giagv%&ﬂller, than those predicted by QEM. Note, that these
ePPects should be more noticeable mainly in spectra of heavy
particles (K ,B,@,ess ), since at present energies the pion
spectra are conciderably comtributed by products of nucleus

fragmentation.
(ii) In the structureless QEM in each of production centers

hadrons are produced, while in AQM we have gquarks, which recom-

bine into hadrons later on.

&

10) Another veriant of AQM, the model of quark-parton cascade
[5,10] requires a set of additionsl assumptions and therefore

i+ is not considered here,
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Tet us discuses the latter feature in more details., There
are two possible ways for quarks to recombine into hadrons,
either ea h of recombining quarks belongs only io the smame
production center oxr the quarks, produced in different pro-
duction centers can recombine too. :

If the Tormer possibility takes place, the AQHM predictions
cen be expressed through the spectra of secondaries produced
in hN-collisions, exectly in the same way, as it is done in
QEM (see sect.2)'1): :

V
E -‘i—% = Yy Zv Pqﬁ{v} Z W{EQ;E“..E‘,)ZF%; A {5.2)
ET"‘EU i=1 '

Eﬂl:Ei
where Pqﬂ(k’} ig the probability for V=-repeated guark-nucleus
interaction

For the letter possibility smy gquantitetive prediction is
essentially model-dependent (such a model is considered,e.g.
in ref, [10])s It depends on unknown fusion probabilities, spa-
co-time picture of processes, elc, Qualitatively, gsuch a "col=-
lectivization" of quarks from different production centers
"moves mway" the kinematical bounds and results in increase of
the yields of (heavy) pariicles in comparison Yo those predic-
ted by eq.{5.2). Moreover, the collectivization of quark, pro-
duced by the different comstltuent quarks of projectile must
violaete the Anisovich relstions [39]|for the spectra of partic-
les produced in the both central and nucleus fragmentation re~

glaons:
- e dC an - > -
Eﬁ-;;[g@ B+X) ;Eﬁ(m h+X) 3/2 (5.3)

here B end M are the projectile baryon and meson regpectively,
h stands for the final particle. The main point is that in
eq.(5,3) all effects of intranuclear low energy cageading

1 It is assumed, that E‘dﬂfd3p|hn = Efﬂﬁfﬂaplqn. This rela-
tion is valid only in the region,where the contribution of h
and q fregmentation is negligible, In particular, one may ex-
pect that in pN-collisions this relation is velid for K,P .
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ghould cancel, Let us siress, that eq.(5.3) should be verified
in the region, where the gquantum numbers of quarks, contained
by B and M are anessential; besides that both of the s%ectra
should be taken at the same guerk energy, 1.8 EDB}=%§HM]

The current data [171 on the spectra of unidentified charged
gecondaries (mainly, pions) are compartible within their sccu=
racy with the absence of such offcollectivization”, However,
the most crucial is the verification of eq.(5.3) for the. spec=
tra of heavy seccndaries, since they are expected 1o be more

sensitive to the kinematical regtrictions.
4

In this work we suppecse thet any collectivity is absent.
The corresponding predictions, following from the eqs(5.2) are
given in Fig.T.

1f one neglects completely the interactions of secondaries
with the rest of nucleus, the predictions (curve 1) is in feir
agreement with data [??,33-35] , especially in the region of
~ 2=4, where the gtructureless QEM underestimates the data.
1 one taskes into account the intranuclear interactions of
secondaries, the disagreement is drastically destroyed (curve
2), The model fails even if one assumes the formation length
L, to be [3,5,10]

~ mez,

Y1ab

>
where P is the momentum of final particle end n? tekes the
lowest generally accepted value D.25 Gevz [3].

So, the most importent question arises, whether the secon-
daries are formed inside the nucleus or behind it. If they are
formed inside the nucleus, the ebove agreement should be con=-
gidered as an accidental one.

To answer this gquestion ai 1east for slow particles ome
ghould study the pt-slope parame ter B: E-dﬂfﬂsptr exp{-Bpi}.
If there are no intranuclear interactions for gecondaries,
both B,,(y) and Bypy(y) must coincide. In contrast, if the-
ge interactions does really take place the slope parameter

(y) differs drastically from qu-(l‘l"] in the region Fla‘bﬁ;1

{,EEE FiE-B} &
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6, TNTRANUCLEAR INTERACTIONS OF SECONDARIES

6,1, Pions, The main contribution into the multipliecity of
gecondaries comes from the light perticles production, nemely,
the pions production. The momenta of pions, produced in the
central region {Flah'“ 1=3) are rather small (plﬂhﬂ-ﬂ.z-jﬁevic
and fall into the region of wWN-resonance intersction, Corres-
ponding processes are Very complicated and their quantitative
deacr;ption cen hardly be reliable. Let us summarize the most
importent ones.

Elastic scattering processes (including the charge exchan~
ge) in the region of resonances ( A(1236) ,H(1470) 30ee 3 P™
0.2-0.7 Gev/c) ere nearly isotropic. They shift the particles
toward the nucleus fragmentation region in the both rapidity
and pseudorapidity scales. Typical cross sections [ﬁﬂ] are:

G (ry~=A) = 60~70 mb, (W= N(1470)) 4 30 mb and corres-
pond to the free path length 12),

I, = 0G,y)" ~ 1-2 (6.1)

where n = 017 #m~> is the nucleer density. For the fast pi-

one (p 3 2-3 Gev/c) the elastic scattering is dominated by
the forward cone and its influence becomes unimportant.,

The inelestic multiplication of pions arises at p=0.6Gev,
The main processes ( ¥N -~ wA -= mUN, etc.) have cross sec-
tions & ~15=20 mb, which correspond to the free path L~
3""2 :Em.

The competing process is the pion absorption by the nucle=-
ons conglomerates; W + (NN)-=N + N, No reliable quantitati-
ve eatimates for such processes are known. The data (see com=
pilation [ED]} on the deutron desintegration ﬂ*d-+-p + P

show that at p = 0,25 Gev/c &~ 12 mb and drops rapiclly

12) 411 of the estimates, presented below are based on the
cross sections, measured for interactions of particles with
Pree nucleons, It is unknown, whether this cross sections are
renormalized inside the nucleus,
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for higher p (e.g. atl pﬁﬁ.j& Gev/c one has 6~ 3 mb)s

A1l the facts listed above show that if the secondary pi-~
ans are formed inside the nucleus, their intranuclear inter-
actions must be essential. Since any reliable estimate or
these processes ia & very complicated unsolved problem, the
pion spectre are not e good tool to study the main mechanism
of multiparticle production in high energy hadron-nucleus col-
lisions,.

6.2, Heavy particles. More reliable information on the
"main" process in higheenergy hadron-nucleus collision can be
obtained from the spectra of heavy particles (K,p, etc.).

Firstly, they are produced with higher momentum {p ~
1=10 Gev/c). Therefore, their interactions inside the nucleus
are mainly nonresonant and can be easily estimated,

Secondly, the threahoulds of their production are conailde-
rably higher than those for pions, hence the probability of
their production ih the.intranuclear interactions of seconda-
rieg is very small and can be neglected.

Tet ug congider the moat important processes:

(a) Elastic scattering, In the region of p ~ 1=10 Gev/c
one has 4G /dt oc exp(Bt), where B ~ 12-15 and 6-8 Gev 2
for antiprotons and kaons respectively{cnrrespunding referen~
ces can be found in ref.50). After the elastic scattering ihe
(1ongitudinal )rapidity remains practically unchanged, while
tke trensverse momentum grows 3, ptg - ptE + 1/B.

(b) Inelastic ndecceleration” {inelastic scattering without
annihiletion of incoming particle). This process has a fthesho-
uld at p~0.9 and 1,7 Gev/c for K and D respectively. It re-
sults in both the growth of transverse momentum ptgvpt2+1fb,
{(where b1 A 0,15-0.3 Gev™%) end shift of particle in the lo-
ngitudinal repidity y — ¥ = Ay. The data [51] show, that
within the accuracy, being quite scceptable for us one can ta~
ke the particle with the quantum numbers of the incoming one

13) Let us note, that at E,nuiﬂzﬁev the secondaries in ques-
tion are initially distributed in a narrow cone beam with
{pyd>~5 Gev/c and (pt‘,‘aNﬂ.S Gev/c,
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to be distributed uniformly over the interval (0,1) of X =

Pen’ Pom’max’

(¢) Absorbtion, For kT it is absent at all, for K™ and p~
its croas section grows rapidly at low momenta, While the in-
eagtic "decceleration" increages the number of slow particles,
the ebsorbtion decreases it.

We esptimate the influence by the Monte=Carlo cascade simu-
lation, Fig.9 demonstrates the evolution of typical K,p spec-
tyre versus the path in nuclear maiter (1L = 0, - 6 fm).

Since for K¥ there no abgorption, the main effect is their
decceleration, which results in specific distortion of their
spectra. This distortion is quite similer to the kinematical
shift of spectra, considered in many models of hadron-nucleus
collision (see, e.g. [9-12,ﬁ$]), but in contrast to the latter
it is always accompanied by the considerable growth of <p.>
in the slow particles region.

For K- the whole influence of both decceleration and &b~
sorption results inm the dauping of whole spectra with the sha-
pe being practically unchange. It is not the case for D, which
spectrum is at first reformed to gome universal shape and then
it demps without any further changes in shape.

0f course, the Pig.9 has only an illustrative use, becaus
(i) the spectra of particles, produced in hA-interactions dif=-
fer from those in pp-collisions; (ii) the intranuclear path
depends on the impact paremeter of primary particle, as well
as the production point and direc¥ion of secondary ome; (iii)
there iz some formation time being different for slow and fast
perticles, therefors the slow end fast parts of spectira must
be deformed in different ways.

Revertheless, one should stress the moat general predicted
feature, nemely, the considerable growth of {py> for slow
particles. 1t has an obvious origin: {pta} A-é;i‘r ¥ pgeaﬂ\? ’

where, {n;> is the mean pumber of particle intranuclear inter=
soticns eud - CPoaapt 18 Whe charscteristic value of trans-

verse momentum transferred in each of intéractianﬁ. Since the
cross esections are large for slow particles, both <n;> and
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<fpt2>.are also large.

Thus the experimental study of <fpt2>dn the nucleus frag=
mentation region can provide a good answer to gquestion: "Where
are the particles formed, inside the nucleus or behind it 7"

Ts SUNMARY

We have considered the most popular cascade variants of the
apace~time picture for hadror "icleus interactions. We have
tried to restrict ourselves by the analysis of the most impor-
tent hypothesis underlying each of the models considered here,

In the sect.2 assuming the (guasi)eikonal picture [ﬁ1.12]
of hadrone-nucleus interaction we have shown that the proceas of
K,p=production in hA=collision cannot be reduced to & set of
common hN~interactiona, in each of those the particles are
produced independently.

The main hypothesis of additive quark model {aqu} is that
the projectile hadron can be considered as a loosely bounded
gystem of hadronlike constituent quarks., In sect.3 we summari-
ze¢ the whole picture assumed by AQU [j—5,10].

In projectile fragmentation region (sect.4) AQM relates
the specira of projectile fragments to the probabilities
F({q;} »h) describing the transition of srectator set {a;f to
the final hadron h . The crucial question arise, whether the=-
se probabilities are independent of the nucleus atomic weight
A . IZ they sre, a lot of predictions arises (see, e.g.[?-4]}.
In thia way there are two possibilities: either one exiracis
these probabilities from the ﬁvdependence of final particle
spectra, or one uses an additional assumption and exiracts the-
se probability at some fixed A in order to predict the A=-depen-
dence, The former possibility is considered in ref,[#1], the
latter one is considered in our work (it has been alsc conside=-
red in many different waye in refs.[3-4]Je

The only additional assumption to be accepied in our work
is the eq.(4.5), which identifies the one-spectator fragmenta-
tion function for bargon projectile with that for meson projec-
tile.
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With this essumption we verify the model, using the current
date [27-29,43-46]. Por A°-production the model is in very
crude agreement with data [43,4{]. The character of discrepan-
cies shows, that the A~dependent correctiona to the probabili-
ties F({q,}»h) can be important (such corrections ere consi~
dered in refa.[5,10,4q1; all they are quite model-dependent ).
Let us stress, that esny dependence of these probabilities on A
reduces considerably the predictive power of AQHM,

Por K-meson production the model appeara to be in reason-
able agreement with data omnly at X <0.3, while at higher X
the verification becomes difficult, since the eq.(4.5) can be
invalid in this region, Some troubles arise alsc because of
triple reggeon contribution.

In the region, where AQM works satisfactory, we have found
that the fregmentation hadron formation ic the recombination
process [3 ], rether than the querk fragmentation one [4]

(e similar result by the indenendent analysis have been also
obtained in ref.4i).

FPinally, lei us stress, tnat the most important prediction
of AQM, expressed by the eq.(4.2) is not yet tested because of
the lack of data, So, one may conclude that more data are ne-
eded in order to cleer up the applicability region and accuracy
of AQM.,

Central region., The gimplest version of AQM has been con-
pidered, thet assumes the quesieikonsl dymamics [3] for the
quark-nucleus interaction. In this model hadrons are formed via
recombination of newly produced quarks [3,5,10,33}.'In order
to obtain some besic quantitetive predictions we assume in ad=-
dition, that there are mo recombination of quarks, produced in
different oN-interactions (where q is the projectile quark) .
By the other words, we neglect any "collectivization" process.

Let us stress, that any "collectivity" increases ithe por-
tion of heavy particles in comparison with the predicted ome
by our model. Moreover, the collectivization of quarks, produ=-
ced by the different projectile guark must violate the Aniso-
vich relations [39]. Note, that this violation is to be maxi-
mal for heavy particles produciion.

OQur model is found to be in a good agreement with data, if
only one neglects completely the intranucleay interactions of
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secondaries. Any attempt to take into account these imteracti-
ons leads to the fatal disagreement with data.

Up to now it is not clear, whether the secondaries are for-
med inside the nucleus or behind it. In particular, if the pi-
onse are produced inside the nucleus, their spectra are consi-
derably affected by the low=-energy intranuclear interactions.
In sect.6 we summerize the main processes of low-energy intra-
nuclear cascading and estimate quantitatively their influence
on the spectra of heavy particles (X,p), We find also, thai
for g;gglhedvy_particlaa (y- . £1-2) their intranuclear inter=-
actions result in the congiuz.able cerowth of {:p£§ in compari-
son with that for perticles, produced in hli-interactions,
Thus, the data on heavy particle production are very desirable.

8, CONCLUSIONS

Tn this work we restrict ourselves by consideration of the
most popular simplest models, assuming the cascade nafure for
the process of hadron-nucleus interaction.

Firstly, we analyze the ngtructureless" eikonal models
[11,12] snd find thet they are unacceptable in central region.
Secondly, we &dd the hypothesie on querk additivity and
£ind that it improves the agreement in both projectile fragmen-
tation end central regions. However, the remaining discrepen-
cies prove the additive quark model to be & very crude appro-
ximation, In order to clear up its accuracy,as well as its ap-
plicability limits a number of new experiments are required.
Note, that the most of them may be carried out at the present

accelerators in Serpukhov,Batevia and CERN.

A number of interesting and important gquestions like the
energy dependence of spectra,particle correlations, etc., ap-
pear to be out of our consideration., The mein reson is the
lack of necessary data, as well as the poor accuracy of the
available cnes. A very interesting information can bhe alao
obtained from the both experimental and theoretical study of
the low-mess dilepton production, especiﬁlly in the central
and nucleus fragmentation regions, where for hadronic secondfe-

28

lIIlllllllllll................ll.....llllllllllIIIIIIIIIIIIllllllll...--.-.-.-..-.........-.._______________________________

ries there is & problem 0 separate the main mechanism of
multiparticle production from the subsequent interactions of
secondaries with the rest of mucleus.

The euthor is very grateful fo E.V.Shuryak for the nume-
rous congiderations during the whole study and tc L.M.Barkov,
P.K.Lebedev and N, N, Nikolaev for useful discussions of results
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A1l the estimates for EM,QEM and AQM (egs.(2.1),(5.2))
are made by the Monte=Carlo g -ulation for intranucleer ces-
cade, For the nuclear density .axon-Wood distribution is as-
sumed. Our method allows us to include in natural way intra-
nuclear interactions of secondaries.

In order to eastimate particle yields in pA-interactions,
their spectra in pN-interactions are required., We.use the
parametrization

. AN " . - . 2.2
E E = e:xp[ﬂ1+ CoY+(Co+C /B JL+(C4Co/E “)L7+ EEmt-mJ ’

Y = m(smpzj, L = 1n(1=E /B ),
E's (8- w2+ n?)/(2:5"/2),
23172

m, = (ptz + m

where Mﬁ stends for nucleon meass, m,p, and E_  ere the mass,
transverse momentum and energy of produced particle in CM
reference frame for nmucleon of target and incoming proton;
5 = 2M E,, where E, is the lab energy of incoming proton.
All the parameters 01 - CG, Hﬁ. B are determined by the leasat
squares fit to data [2%-32] , where any difference
in pp=- and pBe=spectra is ignored., The results of this fit are
given in table 2. :

The low-energy cascade of secondaries is simulated using
hN-cross sections, parametriezed in the following form:

Kt 6@1 = [13 mb, p < 0.8 Gev/c
23.4/(p+1) mb, 0.8Gev/c £p< 10Gev/c
Gin = 0, p £ 0.8 Gev/ec
15=T+5/{p=0.3) mb, 0.8Gev/c p< 10Gev/c
KW: &, = 15/p mb, 0.25Gev/c { p & 4Gev/c
Ein ° {D . p € 0.8Gev/c
6=1.2/(p=0.6)mb, 0.8Gev/c £pL 10Gev/c
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1

4

131’1’ mb,
{ BJ‘PUE

¥ P

mb,

-1/2 mb,

50/p mb,

6

f

0 ,'g""I

0 mb

mb,

31

p <1 Gev/c
1Gev/c <p <10Gev/.
0.3Gev/c {p< 20Gev/c

0.3Gev/e {p¢ 0.6Gev/c
0.6Gev/c {pg 20 Gew/c

p £1.6 Gev/c
1.6Gev/c £ pL 20Cev/c.
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Table 1. The cross seciioms C;A{h-r{qi}) versus A,

(It is essumed,that & qﬂ-smh}.
A 6,(p+a) | &,(p=aa) &, (m-=q)
= mb His mb

9 33.3 136.5 113.2

12 47.7 163.8 141,0

1 €4 264,0 376.3 426,8

182 564.8 532.9 731.8

200 604.6 549.4 769.3

Table 2.

c, c, 8, {6 |f Ce My |B
Gev geve | Gev | Gev™
x* | =3.23] 0,16 | 5.64| =8,21{0.933| =4.96| 2.30 | =4.41
%~ | =3,96! 0.27 | 9.92| -14,9}0,997| =14.5] 1.75| =4.53
P | =4.94] 0.367| 12.6 -13.21.22- «15.1] 221 | =5.45
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