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:Space-Time Aspects of Hadronic Cascading in Lepton Nucleus Scattering• 

Abstract: 

Miklos Gyulassy ~d Michael Plumer** 
Nuclear Science Division 

LawreiJ.c~ Berkeley Labora,tory 
Berk~ley, CA 94 720 USA 

A Monte Carlo moqel of hadronic casca,ding in inelastic lepton nucleus 
scatt~ring is coi).structed to investigate space-time scenario!;) con,sistent 
with the momentum space description of string models of multiparticle 
production. The pro~p~~ts for resolving ~he ambiguity inherent in the 
definition of a formatipn length for co~posite hadl:ons are emph~ized. 

1 Introduction 

It was realised [1] a long time ago that, as ~ result of tim~ dilation, the formation 
length£ of a high energy part~cle should grow linearly with its energy, 

E XV 
£(x) rv- rv-

1\, 1\, 
(1) 

where x = ( E / v), and v is the total energy available. The constant K, has 
dimension:;; of an effective string tension parameter, and should be on the order of a 
GeV /fm. More generally, the fluctuations and coq:·elatio11s of x and£ are described 
in terms of a distribution V(x,£), the shape of which depends sensitively on the 
specific particle produGtion mechanism considered (e.g., string fragmenta~ion). 

Ideally, what we would like to learn from eA data may be expressed in terms 
of questions such as: What is the size of K,? What information can be obtained 
concerning the phase space distribution V(x,£), and how does this help do decide· 
between competing dynamical models? Furthermore, as h~drons are composite 
particles, an ambiguity arises as far as the definiti0n of£ is concerned: should it refer 
to the formation of the final state hadron, or of its constituents (partons)? Finally, 
what impact do the answers to the above questions have on ou;r understandin,g of 
the evolution of the energy density in high energy nuclear collision experiments at 
BNL and CERN? 
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Physics of th~ Office of High Energy a11d N4-clear Physics of the U.S. Departmeqt o( Energy under 
Contract No. DE-ACQ3-76SF00098. 
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In the following, we investigate secondary hadronic cascading in inelastic lep
ton nucleus scattering experiments. Renewed interest in this topic stems from new 
experimental proposals (PEGASYS [2]) that may provide answers to the above 
questions. As will be discussed in detail below, previous studies [3,4,5] of the ex
perimentally observed [6,7] nuclear attenuation effect in the forward region either 
neglected the contribution of rescattered secondaries, or else are unable to describe 
the recently observed energy dependence [7]. 

In section 2, we briefly review some basic properties of the Lund string model 
[8] related to the formation length; concerning the ambiguity in defining £ for a 
composite hadron, we introduce the concepts of the yoyo formation length and 
the constituent formation length. [9] as two extreme alternatives for assigning a 
formation point to a hadron. The consequences of adopting either one of these 
two scenarios for the study of inelastic eA interactions; as well as the differences 
between them, are discussed in terms of a schematic analytic model. · Section 3 
contains a description of the Monte Carlo model PERSEUS [10], and numerical 
results obtained for a 14.5GeV /c electron beam scattering' on 'noble gas targets. 
Finally, conclusions as well an outlook for further theoretical studies are presented 
in section 4. 

2 The Formation Length in String Models 

A successful description of a wide range of observables and phase space distributions 
for hadronic multiparticle production in e+e-, pp, pA and (to an accuracy of about 
20% ) also in AA collisions, has been provided by the string models developed by 
the Lund group [8]. Below, we shall apply the basic concepts of these models 
(concerning string excitation, scattering and fragmentation) as well as the available 
Monte Carlo routines [11,12] as an input for our analysis of nuclear effects on the 
fragmentation function. 

A Lund string is specified by its light cone momenta E± = E ±Pz, its transverse 
momentum P .l and the quark flavors at the ends; excitation and fragmentation 
of strings into secondary hadrons are represented graphically in momentum space 
diagrams such. as Fig.l. While the Lund model by itself does not contain any 
configuration space description of either string motion or string fragmentation, it is 
suggestive to think of a string as a system of two relativistic point particlesin 1+1 
dimensions that are bound by a linear (confining) potential V = K-r, where "' is the 
string tension (~~: ~ 1 GeV /fm). The corresponding equations qf motion describe 
"relativistic yoyos", and a momentum space diagram such as Fig.1 can be mapped 
onto coordinate space by rescaling all distances with a factor 1/ ~~:; in particular, the 
length scale characteristic of the yoyo motion of a string of energy E is then given 
by L = E/~~:. 

In order to test experimentally such a space-time scenario, it. is important to 
consider both pA and eA scattering data, as these two types of processes yield quite 
different phase space constraints. Specifically, apart from any cascading effects, for 
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reasonable values of the projectile energy, the injt\al pN interaction is always non
perturbative, with momentum transfe1.1s Q2 

I".J 1\.bcv, whereas the initfal eN vertex 
is pertur~ative for Q2 > 1 9eV2 • Furthermore, a ~ingle pN collision already <;reates 
at least two strin~s with variabk mp,sses, while an eN collision prod~ces exactly one 
string, the ~-momentum of which can be determined from the kinematic variables 
of the scattered lepton. Fi:r;1ally, in t.he absence ·of rescattering of secondaries, eA 
collisions can be expeGte<;l to behave ro~ghly like the corresponding eN processes; by 
contrast, pA produces on the ~verage about 1 +A 113 mv.ltistring excitations, which 
implies characteristic differences-in the rapidity distributions of secondaries between 
eA and pA (cf.Fig.2). As the purpose of our investiga~ion is to us~ rescattering 
effects as a prob~ of the un~erlyin~ spaae tiwe-:Ricture, -vve see t~at eA data is 
much cleaner becaul'!e of t:P.e abse~ce qf multistring effects anq. can serve to :ijx the 
theoretical "ipput" for a stuqy of the more complex :pA and AA reactions .. 

One of the relevant questi~)Il,S one hope~ to fl.llSWel,' py anc;tlysing the A-dependence 
of the data conperns th(:( ambiguity inherent in the ~efin~tion of"" formation length 
for a compo~ite hadron. In the conte;>ct of a Lund type stdng mod~l, the problem is 
illustrated in Fig.3. Consider a h~dron (:a2 in Fig.3) which is formed out of a quark q 

. and an antiqual,'k ij and carries a fraction:,; of the string energ;y. One possibility is to 
assume that it can ],"escatter beyond its "yoyo point", z ::=: fy; wpere the trajectories 
of q and ij intersect for the first time. Alternatively, one could hypothesize that its 
constituent aRtiq\lark ij may interact with the nudear ;medium immediately after 

. it i~ created at z ::;::;: fc, which would correspond to a smaller effective formation 
length for the hadron. Subsequently, fy and fc will be veferred to as yoyo length . . 

and constjtuent lengtp, respectively. In teFms of x, one finqs fy .,- fc = xL ; clearly 
'the djfferences between fy and fc are largest for x -+ 1 ( cf.Fig.4; where we plot 
the mean values of fc(x) and fy(x), and of the naive inside-outside cascade formula 
eq(1 ), for the Lund model). Ultimately, the question whether attenuq.tion due to 
rescattering in the nuclear medium starts at fy or at ec, or at some different point, 
can only be answered by the experiment. The answer is of consiqerable importance 
for t~e ongoing discussion abo11t the possibility of creating a quark-gluon-plasma 
in the relativistic nucleus.,.nucleus collision experiments at CERN and at BNL. For 
a 200 AGeV oxygen beam interacting with· Au target nuclei, Fig.5 shows that the 
evolution of the energy density (as calculated with the ATTILA code [13] extending 
the ~und mode~ to cqordinfi~e spaFe ;:tlong the lines discussed here) is extremely 
sensitive to the formation length used as an input for c,:ascade ~alcul<~.tions. 

To get a q,ualit(l.tive u:ndevstanding of the expected A-dependence of particle 
production in the forward region in eA collisions, let us briefly ~onsider the following 
schematic J.tlOdel illustr~ted in, Fig.6, wh<:;re the :z;-axis is chosen in the direction of the 
3-moment1llJl, of the virtual photo~'!-, [l de1,1otes the diJ;Tiension of the nucleus in this 
direction, anQ ~o (0 ~ z0 ~ R) denote~ the position of the hadronic vertex. A hadron 
that initially carries ap energy fraction Xo will be formed at the point Zo + e( Xo) 

and thus can be scatter~d on its way out of the nucleus if z' = R.,... z0 ,_ £( x0 ) ;:::: 0. 
The details d~pend (a) pn· the nuclear geometry, a1,1q (b) on the P,ynamics of the 
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rescattering process. Concerning (a), ifthe nuclear density p0 is taken to be uniform, 
the probability for a hadron to rescatter n times may be parametrized as a Poisson 
distribution, 

0(zo + f(xo)- R) 8no (2) 

1 (R-zo-f(xo))n · (-R-zo-f(xo)) + 0(R- z0 - £(x0 )) n! ,\ exp . ,\ 

where ,\ = (p0a) -l is the inelastic hadronic mean free path inth~ target nucleus. 
As for point (b), the dynamics are described in terms of a scattering kernel 

Kn(x, x0 ), which is defined as the probability for a hadron of an initial energy 
fraction x 0 to be left with a fraction x after being scattered n times on target 
nucleons. 

The fragmentation function neA(x) may then be written in a multiple collision 
expansiOn, 

00 

neA (X) = L: D~A (X) (3) 
n=O 

where 

DneA(x) -- {R dzo {l d DeN( ) }~ ( ) P, ( ) . lo R lx Xo Xo inX,Xo nXo,zo (4) 

Note that the n = 0 contribution depends only on nuclear geometry, 

(5) 

The higher order terms depend on Kn. For the sake of illustration, consider 
the case of a fixed inelasticity (1 - a) associated with every single collision, i.e. 
Kn(x,xo) = 8(x- an), which implies, for n ~ 1, 

(6) 

where 

(n ~ 1) (7) 

The resulting ratio of fragmentation functions, RA(x) = neA(x )/ neN (x ), is 
sketched in Fig. 7, where the simple parametrizations fy "" xL and f!.c ""' x( 1 - x )L 
have been used for the yoyo and for the constituent formationJength, respectively. 
In the kinematic region of interest for the PEGASYS e.xperiment [2], Elab ~ 15GeV, 
in the high and intermediate x region RA(x) will be dominated by the survival 
probability Po( x ), while hadrons that suffer n ~ 1 collisions will typically contribute 
in the region below x ""' an. See the Appendix for an analytic model employing the 
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ansatz D(x) = ~(1- ~2 ) for the fragmentation function as well as more rea~onabk 
parametrizations for the scat~ering kernel. That model yields results consistent with 
numerical results from the PERSEUS Monte Carlo routine that will be discussed 

1, ' < • I 

in the f0llowing section. Here, we would like to emphasize that 

• DgA(x) depends on the dimensionless ratios (>../R), (R/L) = (KR/v) which 
can be studied experimentally by varying A and Elab, and on g( x) . £( x) / L 
which is ~model dependent input function . 

• Fqr n 2:: ;t, D~A(x) depends in aqditi(l)n on the inelasticity distribution (on the 
p~rarn.eter a in 0 ur schematic mode\ calculation). . 

3 J:ladronic Cascading in eA Collisions 

In this ;section, we introduce a Monte Carl<:> model (PERSEUS) of hadronic cas
cading in eA collisioi).S that incl1.1des effects of multistring excitatiqn, rescat~ering 
and fr~gment;:ttion in a way consistent with the womentum space description of 
tl:le L~~d/Fritiof models [8,14). We, investigate the consequences of three. different 
assumptions concel!ning which f9rma:tion length is relevant fo:~; the onse~ of hadronic 
cascad1hg: (a) the yoyo form~tion length, (b) the constituent formation length and 
(c) zero formation length ( £( ;z:) = 0). Our model contains the following basic steps: 

1. The initial ( q-qq) string configurp.tion formed in an inelastic lepton nucleon 
scattering process is set up by calling. the ap. propriate Lund routine, LEPT04.3 [12], . ' 

and the space coordinate of the target nucleon involved in the initial eN collision is 
ran<;lomly selected accordin,g to a three parameter Wood Saxon distribution. 

2. The first generation ( =priwary) hadrons produced in the frag~entation of tf!e 
initial string are all<;>wed to rescatter within the nucleus: for each p;rimary hadron 

a) the fo~ation point Zp is determined depending on the model for £( x) 
b) the mean num'h>er of inelastic colli.sions < nc > is calcu\ated assuming straight 

line prop~gation, 

(8) 

where u is the inelastic cross section (taken to be 20mb for mesons, and 30mb for 
baryons) and f> is the unit vector i.n the direction of the hadron's three momentum. 
The actual number of inelastic collisions that hadron suffered is then chosen fl'om 
a Poisson distribution, 

(9) 

c) nc subsequent collisions are processed according .to the Fritiof string-string 
scattering algo11ithm [14], where each of the colliding hadrons (=strings) can be 
excited to a higher mass. M according to a Jvf- 1 law. 

3) Finally the fq1gmentation of all excited strings in the final state is executed 
according to the Lund JETSET6.3 routine (11]. 



Below, we show results obtained for 14.5 GeV electrons scattering on neon and 
on xenon targets. All distributions and observables relate to the rest frame of the 
target nucleus. Unless explicitly stated otherwise, calculations were done for the 
canonical parameter value of the string tension, K = 1 GeV /fm. The limit of large 
string tension corresponds to the case of vanishing formation length. Thus, the 
curves labeled K = 10 GeV /fm refer to that limit,£:::::: 0. 

Figs.8 to 10 illustrate the effects of nuclear geometry, in conjunction with a 
string length L = ( v / K) "' 10fm (a value to be compared with nuclear rms radii of 5 
to 6 fm) .. In Fig.8, the distribution of the position z of the hadronic formation point 
relative to the center of the nucleus (z=O) is plotted for hadrons of inverse ranks i = 
0, ... , 4 (where inverse rank 0 corresponds to the hadron produced from the diquark of 
the initial qq-q jet, rank 1 corresponds to the next hadron produced, etc.). Clearly, 
there are considerable differences between the yoyo and the constituent formation 
cases, while the effects of going from Ne to Xe targets are small by comparison. 
Fig.9 shows the average number of collisions, < nc >, as a function of inverse rank 
for aXe target. Since the hadronic 'mean free path, .A :::::: 3fm for a meson, is close 
to the radius of the target nucleus, RA, the average number of collisions varies only 
between one and two. This puts severe limits on the information to be gained from 
such events. By contrast, a factor 2-3 in < nc > may be gained if one triggers on 
high multiplicity events, by selecting events where the initial eN interaction occurred 
in the backward hemisphere of the nucleus (z:::::: -RA in Fig.8). The corresponding 
distributions in the number of recoil nucleons, for the "no bias" events as well as 
for our "high multiplicity trigger" events, are presented in Fig.10. 

Having seen the limits imposed by nuclear geometry, we now come to the dis
tributions DeA( X), i.e. to the dependence of the fragmentation functions on the 
nuclear medium. In Fig.ll, the function D'lr+(x) is plotted for different assumptions 
concerning the formation length relevant for the onset of hadronic cascading. We 
have also included data [15] obtained in neutrino-proton scattering experiments. 
Clearly, on an absolute scale the difference between the constituent case and the 
yoyo case (the latter is approximately the same as the case of eN) is very hard to 
determine; in fact, in the region x ~ 0.5 it is comparable to the size of the error 
bars in the vp-data. Again, the situation greatly improves if one triggers on high 
multiplicities. 

In Fig.12, the ratio of fragmentation functions, RA(x) = neA(x )/ neN (x ), is 
plotted rather than absolute values (which emphasizes the effect of nuclear atten
uation in the forward region). As noted above, for the yoyo formation length with 
K = 1GeV /fm no effect is observed. In the constituent case, the value at x = 1 is 
determined by nuclear geometry alone ( ec( X = 1) = 0, cf. Fig.4). As can be seen 
explicitly in Fig.13, in the region of low and intermediate x the rescattered hadrons 
( nc ~ 1) contribute significantly and actually give rise to an "anti-attenuation" ef
fect (RA(x) > 1) for x ~ 0.2. The data, taken from [7] (experimental errors are of 
the size of the symbols), are from an earlier SLAC experiment [6] performed with an 
electron beam of 20 GeV /c and a Sn target. In the region of large and intermediate 

6 

• 



• 

• 

• 

x, the data are not well des~ribed by any of the curves that correspond to a finite 
forpJ.ation length, but seem to l?e consistent with the ~ssumption f ~ 0. In .the low 
x region dominated .. by the contributiorr from secondary cascadi:t;J.g, t~ey disagree 
with all the model calculations; in fact, as can be seen from Fig.13, the data points. 
would seem t<? agree with the zero rescattering component for the constituent for
mation case and "' = lGeV /fm. At this point one might be tempted to speculate 
that the assumptio~_of zero formation lengt'h together with. very high im~lasticiti~s 
(which ,)Vould shift the nc ~ 1 contribution to x:-values bel9w 0,05) could indeed 
offer: ,a consistent explanation of the experimental data. However, .apart from prob~ 
lems with understanding such large inelasticities, a model with f( x) = 0 disagrees 
"~ith the recent exper.imental observatipn [7] that the effect of ruclear attenl:lation 
di,~appears at higher.-en,ergies (Le., at higher v ) . 

. Previous studies that managed to ~t the data di~so at the cost of.either ne-
.· glecting the secondary cascading ( 'nc ~ 1} contributio"n [4, 7] or of adopting scenarios 
[~,5] that do _nqt yield the recently observed energy-dependence. Thus, the ,model 
ofref.[5] des~rib_es a simple. inside-outside casc~de. scenario (cf.eq.(l)),. with. an ex" 
treme K(JJ .~ 7 GeV /fm, and ref.[3] corresponds to a Glauber model (f ~ 0) for 
intranuclear scattering of the leading quark of the intial ( q-qq) string con~g11ratic;m, 
witl?. an energy-independent ansatz for the inelasticity distribution: 

.: . Unfortunately, the results of the ol~ SLAy expet:iment represent the only data 
pr~~e11 tly a vailaple in the .regime o~ v "' 10 Ge V. If t hoseo bservations were confirmed 
they could point to a significant lack in our understanding of the underlying space
tim~ .,picture. 9learly, at this point ,it is highly desirable to get new ~nd more 
sensitive experimental data. 

'4 Conclusions and Outlook . ' 

We have investigated the sensitivity of hadronic cascading effects in eA scattering 
on the underlying space-time scenario of hadronization. The necessary theoretical 
input consists of 

• the momentum space dynamics, specified by the inelastic hadron nucleon cross 
sections, O'in ( hN), as well as a sc.attering kernel Kn ( x, x0) to describe. ;nuclear 
stopping power, and · · 

• additional model assumptions concerning the mapping of momentum space 
information onto coordinate space, as specified by the string tension "' (to 
fix the length scale) and by the x-dependence of the formation length (the 
unknown function g(x) = f(x)/L) 

Here, we used the parametrization of phase space distributions provided by 
the Fritiof/Lund string models [8,14,11,12] as an input, and we considered the two 
extreme cases where either the yoyo or the constituent formation length are taken to 
determine the onset of intranuclear cascading. For the kinematic range of interest, 
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< v >......, 10GeV, it turns out that, unless one chooses to trigger on special classes 
of events, very precise measurements are required in order to decide between the 
two different scenarios. The reason for this is that in the average event hadrons 
formed within the nucleus traverse a distance d ......, A 113fm on their way out, which 
means that on the average they will suffer not more than 1-2 collisions with target 
nucleons. In addition to the constraints that can be obtained by varying the energy 
transfer v and the nuclear targets used, one may get considerably more sensitive 
information by triggering on high multiplicities; thus effectively increasing the range 
of intranuclear distances d probed (up to 2A113fm, which would correspond to an 
Aeff "'8A !). 

For the canonical string tension parameter value K =1 GeV /fm, our calculations 
with the yoyo formation model show virtually no nuclear attenuation (as measured 
by the ratio n A (X) = neA (X) I neN (X)). For the constituent formation model, a 
clear effect is found: for large and intermediate values of X, 'RA(x) is determined 
by the survival (no scattering) probability P0 ( x ), while the low x region ( x ~ 0.3) 
is dominated by the rescattered ( nc 2: 1) component. It is precisely in that low 
x region where we find the strongest-discrepancy between our results and data [7] 
from a SLAC experiment [6]. These data seem to be well described by the nc ----: 0 
component alone, which would suggest, as pointed out in [7], that virtually all the 
rescattered hadrons would have to be shifted to values x ~ 0.05! However, the 
Fritiof/Lund description, as well as competing models for inelastic hN scattering, 
cannot account for such extreme inelasticities. 

At this point, we stress again that previous studies that succeeded in fitting the 
SLAC-data either have done so by ignoring the secondary cascade compon~nt (and 
thus their fits only test ifthe zero rescattering component can account for the data), 
or else fail to describe the experimental observation [7] that the attenuation effect 
goes away in the limit of large v. The latter fact clearly rules out the case of zero 
formation length. 

_ At present, no experimental information other than the old SLAC data is avail
able for the kinematic region of v "' 10 GeV. In this situation, the need for new 
much higher precision data is obvious. If these should indeed confirm the surpris~ 
ing·behavior of 'RA in the low X regime, one may be forced to abandon hadronic 
rescattering scenarios altogether and consider alternatives, such as scattering of the 
initial ( q-qq) string, or of the leading quark, within the nuclear medium. \Vork 
along these lines is in progress; the results will be presented elsewhere. 
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Appendix 

Consider the case D(x) ;:: ~(1 ~ x2 ), for which it has bettn shown [9] that the 
constituent length fc(x) and the yoyo length fy(x) are given by · 

fc( X). xL 
ln(1/x2

) ~ 1 + x~ 
~ 

1 ...,. x 2 

fy(x) xL 
ln(1/x2

) 
-

1 - x 2 

where L ~ v / K is the length qf the string. 
\:Ve can rewrite the.scatteripg kernel as 

J{~(x,x0 ) 
1 ' . . 

fo du fn(u) b(x- [xmin +u(xo ,_ Xmin]) 

1 fn( X- Xmin ) 
Xo - Xmin Xo - Xmin 

(10) 

(11) 

(12) 

where X min ;:= ( mr /lV)2 is a lQwer cutoff for x, x 0 due to the finiteness of th~ mass 
. of, the stripg, lV, and of the transverse mass m:(of the scattered hadrons. 

)Ve shall pa.rametrize the distributions fn( u) in the canoniGal form 

(13) 

\Vhey;e < u >n =an/( an+ 1); we choose a 1 = 3 and an:::;: 1 for n 2:: 2 to compare 
with the Monte Carlo results obtained with the Fritiof string s<;attering algorithm. 

As in section 2, the integration over z0 may be carried out ill!rpediately and 
replaces the Pn(x, z0 ) by the Pn(x) in eq( 4). For the case of the constituent formation 

.length with "' 2:: 1 GeV /fm (i.e., also for the limiti:p.g case :e = 0), in the kinematic 
regime under investigation (v ~ 10 GeV) we have P0 (x') < 1 for all 0 ~ x' ~ 1, 
andthe Pn(x') vary slowly with x', such that the integrands are domi~ated by the 
(x 0 - Xminta" factors. One may then take the Pn out of the integral and evaluate 
them at the lower limit of integration, x. For the relevant cases of parameter values 
an, the remaining integrals can be evaluated analytically, and one finds 

with 

s1(x) 
1 ' 

- --[(1 - X~in) ln X- X min - ln(x) - XminX] 
Xmin · 

(15) 

-+- [ln(x) - (1 + x~in)ln(x- Xmin) -
X min 

~31 [ln.(~.- Xmin) + (1 + 2 ) Xmin (1 2 ) X~in ] · X min · . - - Xmin. 
2
( · )2 

Xmin X X- Xmm X- Xmin 
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Figure Captions 

Fig. 1 String excitation and fragmentation in the Fritiof/Lund model. 

Fig. 2 Rapidity distributions in eA and in pA 

Fig. 3 Constituent formation length and yoyo formation length of the hadron H2 

Fig. 4 The x-dependence of the mean values for the constituent formation length, 
the yoyo formation length and the formation length of a naive inside-outside 
cascade scenario as in eq(1) 

Fig. 5 Time evolution of the energy density in high energy nuclear collisions, 
for various formation zone models. The calculations were done with the 
ATTILA/Fritiof code [13]. 

Fig. 6 Secondary cascading in eA 

Fig. 7 x-dependence of the ratio of the eA and the eN fragmentation function in 
the schematic model of eqs(3-7), for the constituent and for the yoyo formation 
model. For the constituent case, the separate contributions due to hadrons 
that suffered n inelastic collisions are shown as well. 

Fig. 8 Formation point distribution:s for hadrons of inverse rank 0, ... ,4 

Fig. 9 Average number of inelastic collisions plotted against the inverse rank of 
the hadron 

Fig.lq Distribution of the multiplicity of recoil nucleons for various formation 
length models and aXe target; included are curves for the "high multiplicity 
trigger" (top). For the constituent formation model, the effects of varying the 
nuclear targets are shown (bottom). 

Fig.ll 7r+- yields per event, as a function of the energy fraction carried by the 7r+. 
Data points are from [15]. 

Fig.12 Ratio of the 7r+ yields per event of Xe and D, for various formation models. 
The data are from [7]. 

Fig.13 As Fig.12, but with the contributions due to hadrons that suffered a specific 
number Nc of inelastic collisions made explicit (for the constituent model, with 
K =lGeV /fm). · 
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