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ABSTRACT:

A model for hicgh-energy collisions is studied in
which two distinct and independent mechanisms are included:
a) pionization, depicted as an excitation of meson field
induced by a classical source representing the incident par-
ticles in interaction ahd b) fragmentation, deseribed as a
two-stage process consisted of an incident-particle excitation

followed by its subsequent decay. It is shown that the model

doel

exihibits excellent agreement with all the ISR data on at ’

¢’ %inel and Oal and discussed its cpnsistency with
do
w2
dk

» <n> and the fragmentation cross section.




1. INTRODUCTION

Nowadavs, we have a reasonably large variety of experi-
mental data conserning high-energy collisions of hadrons and,
as a consequence, some common features of these interaction
have been put in evidence. The aim of the present article is
to discuss a particular model bhased on the idea of particle
production as a quantized field by a time-dependent classical
source and also fragmentation of the incident particles. A
combination of these two mechanisms, which will be defined
later, shows a possibility to accomodate all the main charac-
teristics of hich-enerqgy reactions into a sincle scheme.

The experimental data sucgest that, in high-eneroay
collisions of hadrons, the finite extension of these particles

plays an important role. This is most clearly seen in the
ao;
el

di ffraction pattermof , although the constancy of <K,>

and the approximately ?Enear increase of <k" > with s, for

the produced particles in these reactions, may also be
interpreted as due to the finite and nearly constant transversal
ranage of the interaction and to its flatter and flatter
longitudinal dimension.

Eikonal models, formulated in terms of impact
parameter, constitute quite appropriate devices to implement
the above idéa, besides presentina another interesting feature
which is the (s-channel) unitarity.

It also becomes clear (1) that, if we are interested
in describina collisions at energies equal or hicher than
those available at ISR, a mechanism which produces increasina

cross-sections must be included. That is, a purely ageometrical

model is not satisfactory for our purpose.
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The idea of making an analogy between the multiparticle
production and hremsstrahlung has bheen proposed a long time aco hy
Heisenbera (2) and, since then, many authors have developred
this idea and studied several aspects of the reactions (3,4,5).
One can conveniently formulate the problem by considerina
some classical extended current, which hecomes effective onlv
during a short time of interaction hetween the incident narticles
and radiatino some quantized field. This tvne of model predicts
a series of qualitatively interestinc results in the asymntotic
limit when the eneray (or equivalently s) coes to infinitv. Ve

could mention, for instance (see sec.2)

a) ()vt, C\-&Q, G‘WONN&,“ (@nd)

/o

b) <Vl I e

Heo f ([u 4) ’ .

c)cmmtmwyof<%f )

d) scalina: k”? ~ \/-/—4_ and
Ao OO

d(Tl
e) shrinkina of €

dt

A1l these properties (except the exact functional
form which is not well established) are really verified at
high-energies, go that this model may be looked at as a
possible explanation of the oricin of the energy dependence
éf the ohservable quantities.

Serious difficulties arise, however, if one tries

to fit the experimental data quantitatively. Althouch several '

approximations are involved in this model, such as neglect of
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spinsg, 1sospins and recoils of the incident particles, we feel
that the discrepancies are too large. We could resume these

difficulties as follows (6).

do
A) If one fixes the parameters bv fitting dtel' the

prediction for mg% becomes extremely low (by a

ak
factor of 10 ~ 20).

B) With the same parameters, the averace multiplicity
predicted by the model is too small and also increases
very slowly (this last behavior is due to a rapid -

more than expected - increase of o, ).

in

Moreover, another important features of high-eneroy
collisions do not appear in this model, namely:

C) The model does not predict reactions of the class
a+b + at+anythinag, with a small missinag mass, which
appear as a narrow peak near x=1 in the inclusive
cross section.

D) The multiplicity distribution, L is always peaked
to n=1, contrary to the existinag data.

At this point, it seems us natural to try a model
which includes explicitly the possibility of the incident-
particle fragmentation, which will give a component with an
approximately constant cross section, as well as the possibility
of producing particles throuch the mechanism mentioned above.

Of course, this kind of model conserves all the attractive
asymptotical properties a) ~ e) mentioned ahove, while at
smaller s values the inclusion of a constant component will

allow o, ,0 and 9ol to increase much more slowly and where

do
dk
is true that in doina so, we are just including as another

inei

fragmentation particles will dominate both w and <n>. It

imput the property mentioned in C), without trying to obtain

it from some principle. However, we can avoid, in this way,




the difficulties 2), B) and D), dgetting also much more
satisfactory agreement of the other results with the data.

A similar attempt has been done by Henyey and
Sukhatme (5), based on the idea of diffractive dissociation
in aclose analogy to the work by Good and Walker (7). 1In this
way, they have been able to achieve considerable improvements
ovef the simple classical source model, but still were unable
to find a particulér parametrization which resembles the
i mportant features of the data.

Here, instead, a two-component model is discussed
in which the incident particles can either he excited with a
subsequent decay (we call this component fragmentation) or
radiate a field in analogy with bremsstrahlung (let us call
this component pionization as usual, although the produced

particles are not necessarily pions) or both of them.

Two-component models have been discussed by several

authors in connection to the multiplicity distribution and

correlation among the produced particles (8). Here, we focuss
do
el av
our attention mostly on O¢r 94ne)%e1’ a;——, 044 £ and wﬁi and,

by choosing a specific (eikonal) formalism satisfyino unitarity,
discuss its implications on these ohservables.

I'n what follows, we first describe, for the sake of
completeness, a simple "classical-source" model as mentioned
above, showing the properties a) throuagh e). This model is
improved in sec. 3, includina also the fraomentation. The
main output of the model which can be immediately derived will
be shown in sec. 4, where a quantitative fit to the experimental
data is tried. A discussion showing possibility of cetting
experimentally measured wﬁ% as well as <n> is also presented
there. Finally, the main cgnclusions of the present work are

summarized in the last section, where some discussions concerning

other observable quantities are also given.
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PIONIZATION: CLASSICAL-SOURCE MOUEL

Let us initially describe a simnle model for particle
nroduction in which the multiply-produced particles are

described as a field satisfying the equation

-~

2
(O+ p )P (x) = J(x.b) (2.1)

where J(k;g) is a classical source, defined appropriately in
terms of the incident particles. Illere, as in all the followina
discussion, the spins, isotopic spins and charges both of the
incident and emitted particles are neqglected for simplicity.
In writing‘the equation above, no-recoil approximation is
implicitly assumed and, as the notation already indicates,
impact-parameter repreéentation is used for the nucleons (let
us consider p-p collisions to fix the ideas). The model
we are describing in this section is essentially the same to
that discussed in Ref. (4), except the way in which it is
formulated.

As is well known (9), eq. (2.1) is readily solved

and the corresponding S matrix is given by

Vﬁ% jlk,b)a,k)

S (8) - e,,,o; 2L jkeb)al, ““]ﬂ«r

X @XP{-—~JCUQ] (kb I ]

(2.2)

where

J(x,b\)= %sz)ﬂ%;(&b)e . (2. 3)




Let us define

X (b) dk /}(k,é)lz, (2.4)

Zu)

Although not explicitly indicated, the source J(x.D)
may depend on the 1hcident enerqgy, as we actually assume,
and so do j(k,g) and x“(g). With this notation, the matrix
element for transition from an incident |pp> state to a final
|pp, kl,....kn> state, where kl""kn refer to momenta of the |

produced pions, reads

“' . ~>
n ‘ . )
(Fp, ki .,k lSlm’> = @ 7 (2.5)
= ZUJO( o
The corresponding cross section (except the elastic N

one) is written
- b -~

Inclusive cross section mé% may be evaluated in a
dk

similar way by squaring Eq. (2.5), intearatinag it over all the
momentum variables except one and summinca the integrals over n
with an appropriate statistical factor. The result is

Ar 0, T2

W — -Lfdé/'(kb'l (2.7)

adp Z VAL '

For elastic channel, we have to subtract 1 from the S

matrix element in Eq. (2.5), which gives the amplitude

] (2.8) '
b,

Fit)="L(dbe [I-c

i




.

in terms of which the differential cross section becomes

oGy 2

[Lt = JU (F(&,t)l . (2.9)
Here, as usual, we wrote t=J:2 and the integration is

on a plane perpendicular to the incident direction.

From Eqs. (2.8) and (2.9), it follows by t-integration

Ou(4) = fdz I | - ¢ X’E(K) I‘Z (2.10)
Optical theorem gives also
T le) = z[dz[l - G-X‘t(r)] (2.11)
and by subtracting Eq. (2.10) from Eq. (2.11), it follows
O, (4) = /d:[ | - e-:z"x',c{[’)] . (2.12)

The last equation can alternatively be derived summing o, agiven
by Eq. (2.6), which shows a consistency with the unitarity
requirements. The average multiplicity of pions may be calcul-

ated by using Eq. (2.6):

it G-

N o = L (ab[2% (k) ,
(n) n%'nmd %f [ - ] (2.13)

Now we come to the question of how to choose the
source function J(x.D) in Eq. (2.1). According to the idea
of bremsstrahlung, who emits the final particles (neglecting
the interaction amona them) are the incident protons, but
during their mutual interaction. One may write a certain

hadronic—éharge distribution pi(x) for each proton, which is
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assumed to be spherically symmetrical in its own system, p(r).
Looked at from an arbitrary system moving along the collision
axis (see Fig. 1), such a distribution will show contracted

and in movement with a velocity 51

Pa(f)"‘%f[ﬂ(g-'ﬂ-:t)-#(a ;L:)] ] (2.14)

However, as far as particle emission is concerned ,
this charge distribution will become effective only during

a short time interval in which the collision takes place and
if the impact parameter b is such that the particles can
actually interact. We try to take this finite-range effect

into account by writing

T(8) = glp-pal peopt) @15

where g is a constant proportional to the intensity of the
interaction. The factor IEI-EZI has been introduced in order
that J(x,g) become a scalar with respect to Lorentz transfor-
mation along z-axis. A similar source has been used by other
authors (4,5).

Introducing the Fourier transform of the hadronic-

charge density p (u2) by

Pl = %/W F(uzm,,{ti-[ﬁ g y,-({-,ej‘t)]j (2.16)

-
and calculating j(k,b) from Eq. (2.3), we have, in the C.M.

system,

R | Lkl -

J(k,b}*:(m[dax e J(x,b)

i.[owl_ f(u)f(u’)w/o[ 6 (uL- & J ,

Var

(2.17)
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where

-~
u —

1
—
N

=< !\
—
X

+

=
) S

f ¢
| N

e (k= F), -tk ]

The ecuation above shows that kJ:dependence of jO:E;)
is more or less independent of the incident eneray, while k"
dependence appears throuagh the variable k||/7. This property
together with Fas. (2.4) and (2.7-2.13) quarantees all the
asymptotic behaviors a) ~ e), mentioned in the introduction.
Let us illustrate this point, by assumina a simple narametri-
zation for the hadronic charge densitv

~ ., ’O(LLL .
.P(“) = € (2.18)

N2
Putting this P(“') into Fa. (2.17), we cet for s+

-1 - 4
. - - 1
a(k,b ) = 2 \/xz xp {.— b oA m kll,' Wk b (2.19)
' 2a ¥ Z A 2 44
and the substitution of this into Eq. (2.7) gives
- g ‘ z 2
wi = 4" @XF{_YJM/(Z_O(E (2.20)
d R L 4 " L )
which shows the constancy cof <glf and the scalinc of mg% .

dk
Eq. (2.19) also implies that %@Z“’Eu A as s>,
!

This can immediately be seen hy notinao that the enerqy dependence

of X, arises from the k" integration of Ta.. (2.4) wvhich is
dky

Ry .

cutoff factor Ij(k,b)l2 which expands proportionally to /s.

roughly -~ , the upper limit being determined by the

Detailed intecration of Eq. (2.4) aives




1

Xo(b) = A[lns-B]e™

, (2.21)
4—>» 0
with
 J
-n:’L T
A< TE o ana - O (2o (2.22)
32«3 By ol /M)’

2 2 2
where My = <PW*K.>
and 7’ in Eq. (2.22) is Euler's constant.

Substituting Eq. (2.21) into Eq. (2.11), we have

- X (b 00 - -
qu)zzfdl,[/-ex“(b)] = -23;, 71/7 /db [-'X'n”’)]

2 [-A(mo-8)]" p - -2

n=f

0 [ s n
PO [-A(tes-8)]

n=l %,’LI

\

v Gile)= 570(7[{7+£u[4(lw3-—8)]-—EJ[—AM‘M*B)]}. (2.23)

The leading term of this equation is

07_(4)4:1’0 oL TC A(AA), (2.23a)

Analogously,the substitution of Eq. (2.21) into Egs.
(2.10) and (2.12) gives

Oep(4) ~ Ll & { (y-4a2)+ M[A{AA-B)]
-4 E([‘A[&A-B)]*f-E}l~24{lu4~8)]j (2.24)

and
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Cpeat(4) Ao(TE{y-f— bJ2A( b 4 —B)] - E([QA (ud - B)] } (2.25)

whose leading terms are

Opel4) — L bul(lud) (2.24a)
A~ v
and
J- E’(A) —_— 40(7T [m{&«c,d) , (2.25a)
=20 |

The average multiplicity <n> is obtained from Eq. (2.13),
by using Eqs. (2.21) and (2.25).

(2.26)

2 LTy o TRdALld-B)  2A Ly
> “o;.d[db x() = Ot 4w 20 bullus) -

dcel
Finally, the shrinkina of

is evident from Eqs.
dt

(2.8) and (2.9), for x“(g) is now an increasing function of s.
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3. TWO COMPONENT MODEL

In the precedinag section, a simple classical source
model has been described, whiéh exihibits several interestina
asymptotic properties. However, as already mentioned in
Introduction (A) - D)), it meets serious difficulties as soon
as a quantitative fit is attempted (6). Here, we present a
nossible improvement to that model, which conserves all its
desireable features, while avoidino the difficulties mentioned
in Introduction.

Suppose the hich~eneray collisions hetween two
particles occur throuch the followinag two mechanisms or a

combination of both (let us consider pp collisionsas in rrecedina

section):

i) Excitation of one or both of the incident particles,
which decay subsequently. We call this process
fragmentation and assume"independent"of the eneray.

ii) Particles (or clusters) may be irradiated in

analoay to bremsstrahluna. We call this component
pionization and which will exihibit an enerqy
dependence.

These two mechanisms are assumed to be independent,
which may be expressed by writino the S-matrix in the product
form
S, 8 (3.1)

where S 82 and 81r commute. Here, Si refers to fraagmentation

1'
of the i-th incident particle, STr to pionization and the
impact parameter of the incident particles is fixed.

Physically, independence of the two mechanisms

means first that pionization causes negliaible changes on the
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incident particles so that fragmentation, which we are assuming
independent of the incident energy in the sense of "limitino
fraomentation hypothesis" (10), occurs as if no narticle has
been emitted. Secondly, it means that during the short time
of interaction, the hadronic-charge distribution remains
constant, even when there is some excitation of the incident
particles and, consequently, the source responsible for the
picnization stays the sare regardless of whether the incident
narticles suffer fragmentation or not. Also, no-recoil
approximation is implicit in using fixed impact parameters for
protons.
The unitarity of the S matrix tocether with the
above assumption require that each factor Sy and S, be unitary.
v This condition leads, for instance, to the followina useful

equality which will be employed later:

(plSIS1pY> = >;_' [<isap>]=1 (i=1.2) | oo

where |p> represents the incident proton state and the sum is
over all the possible final states including the elastic
channei.

The pionization is deseribed in the way already
Arawn in the precedinag section, where the source function
J(x,b) in Eg. (2.1)is now assumed to be independent of the
proton fraamentation, in accordance with the discussion above.
Using the same notation as in sec. 2 , the matrix element
for transition from an incident two-proton séate |pp> to a
final state Ifl,fz;kl,...,kn> » where f,,f, refer to the incident

‘ proton fraamentation and kl,...,kn to momenta of the pionization

particles, reads
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<;.,1z;h.,...,knjsi,,,,yz<f.IS,I;»><fJ&/r>éx‘[iﬁ %—g/ei_uf—) JEERY

The corresponding cross section is written

oo fabe oy GV IS s | oo

If we look at the production of n pionization particles

without worrying about what happens with the incident protons,

we have to sum Eq. (3.4) over fl and f,, recovering, on account

of Eq. (3.2), the familiar expression already given as FEq. (2.6).

In an entirely similar way, contributions to inclusive cross-

section coming from pionization is shown to be given by Ea. (2.7).

The elastic amplitude, Eq. (2.8) is rnodified to

Ff“)~——fdbc K[;-é"?pls,/,o(p/sa[,»] S, (.s)

where an additional factor representing the beam attenuation

due to fragmentation appears now. Analogous change in Eqs. (2.10)

- (2.12) gives

—- ~Xr | 2
Opl4) = [db [ 1= € Gl Ip>cpis,p>|, v

O¢ (4) =2}dl'[/- e’y’t</’ls,//o></»/szl/7>] (3.7)

and

o= [dF [1-€ Icplslpplsips] 1. ao
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It is also easily seen that Eq. (2.13) corresponds now
to the contribution from pionization to the average pion
multiplicity, provided %inel is appropriately reinterpreted as
given by Eq. (3.8).

Let us now consider a (pure) fragmentation, i.e., an
inelastic process in which no pionization particle is emitted.
For single fragmentation, by Fourier-transformina Fq. (3.3)

with n=0 and one of fi equal to p, we have

e -

- ¢ ~> 1bXx - Xz
Gl at)=~=[ab e e “GlSIpXPIS > e

and
L5(f) 2
- W/G({,)’A,t)l (3.10)
do(fz)
with a similar result for ————— . Here, and in the following
dt

equations, we neglect the small shift in t threshold.
In the corresponding way, double-fragmentation amplitude

is written

~ - :

) - b K "’X)t
Gl g t) =~ [dTe” "¢ IS [p><pls[py 3o

and the cross section

AT, {)

ye; W/G({},fz,‘d,t)/?— . (3.12)

The integration of Eqs. (3.10) and (3.12) over t qives

us

(T'({',)z[d;e‘rxn’l<-f,IS,[}>><HSJP>}z (3.13)
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T(f,5.) = [ab EMIhISp><hlS | . s

In actual problems, however, one is often more interested
in a sum over several states in the mass rance from M to M+dM
and not in a transition into a single state specified by fi' As a

matter of fact, what the states £, are is often not clear in real

i

problems. Thus, we assume the matrix element <fi|s p> a function

il
of mass M only (and so are G(fi,s,t) and G(fl,f2;s.t)) and, by in-

troducino a density of states n(M), write

Ao ®
4 =~ 4, 1)] niM, (3.10a)
ot dM; |G, )) ) ;
and
Aéw_ 2z
= WlG(H(/M;/A,{),%(’\"l)%(MZ) . (3.12a)
At dM,dM,
The corresponding formulas to Egs. (3.13) and (3.14)
are
ar _ = -2Ax . .. 2
-m;[dk e fnm,))<M,ls,lp><zolszlp>| (3.13a)
and
AT _ (7 o2 : 2
—— = | db e” (M) [<M| S, [p>]mih)lem (3.14a)
AM,d M, S ) 18,1p>] )}( 2, [p>]  2.245

The total single- and double-fragmentation cross-section

are then, on account of Eq. (3.2)
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[

—» -2%5x . 2
6:}:0—;- = Idb e X ’(P'Sz“o>lzfdM,,n(Nl)(<MIIS/,P>'

o[ PN saps 1= [<plsilpo (] 0

and

7 [l € I-lpls, po T [1=kpls p]

In the following, the parametrization

(3.17)

: 2 2 -5 h )
<plsdp>|'= <pisalps = €4
will be used. A particular choice of Xg for a quantitative
comparison with the experimental data will be considered in the
next section. Here, we argue that X¢ is expected to be approxim-
ately proportional to <F2> , the two-dimensionl Fourier transform
of the square of the proton form factor. This follows if we
accept Chou-Yana model (11) as valid for fragmentation. At
intermediate eneraies (plab ~ 20 Gev/c) such that bremsstrahlung
is still negligible, although high enough to allow a aeometrical
description of collisions, the above assumption may be
approximately satisfied, which can be inferred from the excellent
results obtained in their works.

Introducina the above notation, we summarize here some
of the formulas derived above, which will be employed in the
next section. Namely, Egqs. (3.5) - (3.8) and (3.15) and (3.16)

may be rewritten

_ = bk ~Xp- 2%,
Flot) = - (ob e e T (3.18a)
{ ). ,Zﬁ'f e Z~/ € ] a
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0, (4) = fc(Z' | |- éyﬁ“zxf( ) (3.18b) .

- X~ <Xy i
G%(A):Z[d\/) [/"’ G'XK *] J (3.18c)
O”M(A)=Jd—é+[l ~ e—z(%"*zk’()] ) (3.184)

- 20 -
0;': O_‘rze Idé e XE+X+)D~ @2%] ) (3.18e)

T - - - 2

0’;”2 - Jdb e“’f[/-e)‘*] . (3.18f)

In Egs. (3.18), xg is assumed to be constant (for suf-

ficiently high eneray), whereas x_1is given by E (2.21) and .

q.

increases logarithmically with s.
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4. COMPARISON WITH EXPERIMENTS

The results obtained in the preceding section are
compared, in this section, with experimental data.

First, we notice that there exist certain quantities,
like those agiven by Eqs. (3.18), which depend onlv on xg and
Xy ° These quantites can easily be compared with the data and
this will be done explicitly in the present section.

Besides, there are other quantites, the computation of
which requires more detailed knowledge of fragmentation, such as
the off-diagonal elements of S4+ the state densitv n(M) and the
momentum distribution of the decay products of these states.
a2 d3¢ do d%¢

’ ’ and ——— qgiven by Eqs.
dtdM dtam

sz dam dMlsz

The cross sections
1

do

=+ %, and <n>, are such observa-

dk 32

dMdt
our works (12), though restricted to the small-mass reaion.

(3.10a) ~ (3.14a), as well as w

bles. An attempt to calculate has been done in one of

As expected, absorption effect, which is embodied throuah the
exponential factor e-xf, gives more peripheral impact-parameter
amplitude (profile function) or equivalently shrinking of the
forward peak as compared to the elastic channel. 1In this paver,
however, we are not goina to rediscuss or improve the previously

presented results, but will simply agive a discussion about the

possibility of reconcile the data on wég and <n> with our scheme.
dk

Let us begin by fixing the function Xg. As diécussed
in the previous section, we expect that Xf bg approximately
proportioﬁal to (F*) and ¢onstant with eneray. The purpose of
this paﬁer is not to get the "best-fit" of the experimental
data, but tb vérify whether a simple mechanism as discussed here

allows to reproduce all the essential features of high-enerqgy




21.

collisions. Thus, we are not interested in determining the
exact form of Xg» DOr p(x) for pionization. We prefer, instead,
to parametrize therin a way which allows an easy computational

manipulation. We write

N -Ab*
with C and B two adjustable parameters. A comparison with

<F2> gives an estimate of B8 and in the following calculation

we take

: -2
%; = 13 (Gev/c) . (4.2)

This value of 8 corresponds to an average in the interval

0 < x2 < 0.8 GeV2 and, as a consequence of this parametrization,

do
we don't expect a good agreement of dtel

in the large-t reqgion
(see Fig.2).

The parameter C in Eq. (4.1) could be evadluated hy
- dan

el
dt

-(pL ~ 30 GeV/c), where, according to our description, pionization

at intermediate emergies

using, for instance, data on

is not yet important. A slightly smaller value of C is taken,
however, considering the over-all agreement of the results with
the data, namely

c = 0,5 (4.3)

Once, Xg is fixed, it remains only to determine the
two parameters, for instance g and X , in Egs. (2.21) and (2.22),
in order that a numerical comparison of the quantities given
by Eqs. (3.18) with experiments can be carried out. We do
doel for -t<0.4 (Gev/c)2, at the highest enerqy

dt d(Sé1
where such data are available. As is known,

this by fitting

at these

energies and at such t intervals shows two distinct components

with different slope parameters (see Fig. 2). In oOur description,
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.

the wider component corresponds roughly to fragmentation,

whereés the narrower one is due to pionization. This interpret-
ation is consistent with the experimental evidence that the large-t
part is very little dependent on eneragy, while the small-t

peak shrinks continuously with energy (see Fig.3).

At 3=2809 Gev?, a qood fit is obtained with

a = 8.5 (Gev/c)-2
(4.4)

x = A(lns-B) = 0.290

from which and by using Eq. (2.22) we find

A 2

4.44 x 10
(4.5)

’ B =1.41

Now we are ready to compute Xy at any enerqgy value

and, together with Xgo calculate all the observables listed in
do

Egqs. (3.18). 1In Fig. 3, the so calculated at s=2809CeV?

is shown together with the experimental datg? At other values

of s, we have similar curves and the agreement is excellent

for all the ISR data. Fig. 4 shows the slope parameter at t=0.

The total, inelastic and elastic cross sections as function of

S are plottea in Fig. 5.

In spite of a very simple parametrization of X, and

Xy ? it is seen that the agreement of these results with the

available data is more than satisfactory in all the iSR eneray

range and down to s = 200 GeV2., For s < 200 Gev2, a deviation
U occurs which, in our opinion, is due essentially to the simpli-

fied choice of xf we have adopted. Lookina at Fig.2, we see

that, at -t < 0.2, a considerable deviation of 2 from our curve

occurs. If we have taken Xg - <F2>, this would of course allow
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do

dt
destroying the good agreement seen in Fig.3 for -t > 0.15.

to form a more pronounced peak in

at low energies without

On the other hand, this would evidently cause a flattening of
O¢r %inel and Ogy a8 S decreases below ISR energies. At the

same time, it would force a to become smaller,which is
desireable, since our p(u2) in Eq.(2.18)with a fixed above is
much narrower than F(x2), although there is a priori no reason
why they must coincide each other. In writing the source
density, Eq. (2.15), we intended to consider not only the

finite extension of protons'hadronic charge but also the finite
range of their mutual interaction, which may be different from
the former.

1

As to O¢ and ¢ » very few data are available and

f
moreover these are frequently contradictory. Here we just
mention that these quantities are slowly decreasing with s, due
to the increase of Xq and the prediction for c; at s=2809Gev?

is

1
og = 5,79 mb (4.6)
Later we will return to discuss this result, in connection with

do
w=— and <n>,

dk
Having been shown the most immediate results predicted

by the model, let us now turn to a discussion of the other
observables such as még and <n>. As is stated in Introduction,
our purpose is to congtruct a model which conserves the nice
features of bremsstrahlung analogy and which eliminates the
difficulties A) to D) mentioned there,

Quantities wgg and <n> are now given as a sum
dk
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A AR Ty AE
(4.7)
_ s dg* AT
= Pf(“’zf' —a—wdy )‘f’PnLUZ-
and
{n> = ?f'<71,> + P{z<7’lz7 + Pr {nxD
' (4.8)

= 2R<ny ¥ Pelng>

1 2

where Pf = Pf = Pf and P, are respectively the fraomentation

probability of the proton 1 and 2 and that for pionization.
Here, F#ﬁﬁ'F?L + Px = jZF; +Pe >,
since mixed events are also possible and, in these cases, a
double or triple counting is made.

Our choice of parameters defining X" and Xf, Egs.
(4.2) and (4.4), when considered together with Eas. (3.18),

indicates that even at the highest ISR eneraqy, fragmentation

i
£

do
energy range where data are available, w— and <n>are much

is dominant owver pionization, that is P >P“. Thus, in the
more influenced by fragmentation than pionization and they
won't be given by correctinag simply Eqs. (2.7) and (2.13).
Rather, contrihutions from pionization shall be regarded as
small corrections to the basic results which correspond to
fragmentation. Thus, a complete analysis of the problem
requires detailed description of how fragmentation takes

place. This will, however, be left to another occasion and
here just an argument will be given showing that an appropriate

account of fraagmentation leads probably to experimentally

consistent results.
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Descriptions of fragmentation have been given by
several authors in the past years, but here the version of
Jacob and collaborators (13) will be considered. In those

papers, they succeeded in reproducing both <n> and wgg for

dk
several final particles ni, x* r» Pr N,ee.., by taking a

conveniently defined p(M,Qi}, the differential cross section
for producing a cluster of mass M and transverse momentum
Pyi n(M), the average multiplicity for each kind of particle

as a function of the cluster mass M; and finally gg » the

normalized decay distribution. The aareement witgqexperiments
is excellent, so we feel that with a similar parametrization
we can obtain, also in our model where fraomentation is
dominant below ISR eneray, wé% and <n> which are as good as
in their calculation.CE'courgz, the multiplicity distribution
O will become now much broader.
In Jacob's calculation, the cross section
o = ffp(M,pj_)depJ_
which cives a good fit for other quantities, when compared with
usually reported o4q1 ¢ (14) is too large. However, a care must
be exercised in carrying out such a comparison. According to our
notation
— ~2X
ovg.fdl,[l‘_e f] (4.9)
would be such a cross section, while O9if should be compared
to o% of Eq. (3.18e1é‘or+befter twice this value, where an
additional factor e e appears due to the bheam absorption
correspondina both to the fraagmentation of the other particle
and to pionization. 1In our calculation, o = 12.7 mb, which is

close to the Jacob's value (6 = 15mb), whereas O¢ is agiven by

Eq. (4.6) which is much smaller, favouring our model.




26.
5. CONCLUSIONS

In this paper, a model for high-energy collisions has
been studied, which includes two distinct and independent

particle-production mechanisms: a) pionization, depicted as an

excitation of meson field by a classical source representing

the incident particles in interaction and b) fragmentation,

described as a two-stage process consisted of an incident-
particle excitation followed by a subsequent decay of this.
The use of eikonal approximation allowed us to write S matrix
satisfyina (S-channel) unitarity, which is convenient for

studying absorption effects.

In syite of its simplicity, the model reproduces
do
quite satisfactorily all the ISR data on el' T4r Oirel and
at ne

Oal and predicts o} which is comparable to the exnerimentally

measured Taif" Takina the success of fragmentation models in

reproducing <n> and wg% into consideration, it is concluded

dk
that the present scheme is also able to incornorate such

observables.
As discussed in preceding section, these results may
be improved further both at lower energies and at laraer t values

do
for el

» 1f we take a more realistic parametrization for Xg.
- Also, once fraomentation is well defined it seems

straichtforward thouch laborious the extension of the model
to calculations of other quantities such as correlations and
multiplicity distributions.

As to the large-k, distribution of particles, we think
tﬁat it depends stronaly on the momentum-enerqgy conservation
constraints which we have not appropriately taken into account.

In consequence, we have a constant (enerqgy independent) distri-

bution, which is actually verified only in the small—KL rancqe.
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Finally, we recognize that the work is of course
incomplete to the extent that we simply borrowed some results
on fragmentation, without elaborating it with more detail.

This question is being studied now and will be discussed in

another occasion.
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FIGURE CAPTIONS

Definition of coordinate system.

The square of the eletromagnetic form factor as a
function of r2. The approximate curve used in our
calculation is also shown (broken like). The dotted
line is the exponential extrapolation of Fz(xz)

at small nz.

dcel

calculated at $=2808 Gev2 compared with the
dt

experimental data (15).

The slope parameter B(8) at t=0, predicted by our
model. The experimental data have been taken from

Ref. (15) where references to all the data are given.

% 1%inel and Oo1 aS function of s, together with

experimental data (1).
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