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Possible scenarios for soft and semihard component structure in central hadron-hadron collisions
in the TeV region
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Three possible scenarios lirh collisions in the TeV region are discussed in full phase space in the frame-
work of a two-component model. In the first scenario we assume that KNO scaling is achieved independently
in the soft and semihard components. In the second one it is proposed that the semihard component violates
heavily KNO scaling. The third scenario is a QCD inspired scenario, whose predictions turn out to be inter-
mediate between the previous two. Recent data by E735 experiment favor strong KNO scaling violation and
logy/s increase of the average charged multiplicity of the semihard component, resulting in huge minijet
production.[S0556-282(99)04707-4

PACS numbgs): 13.85.Hd, 13.87.Fh

[. INTRODUCTION e"e” annihilation and deep inelastic scattering, where the
simplicity of the projectile and/or of the reaction itself al-
The study of final particle multiplicity distributions ready allowed us to isolate very interesting properties of the
(MDs) and related correlation structures in the new foreseemost elementary substructur@ets of given flavof1,2]) at
energy domain in the TeV region in hadron-hadrdrhY ~ Work in the interaction region.
collisions is a challenging problem for multiparticle dynam-  The aim of this paper is to explore charged particle mul-
ics. Here the production of events with a huge number 0fiplicity distributions anql corr_esponding corr_elat_ion structure
final particles is indeed the most spectacular and fascinatiny hadron-hadron collisions in the TeV region in full phase
although not yet fully understood phenomenon. The new facf}pace within the just sketched general phenomenological
is the occurrence of high parton density islands in region . . :
where QCD parton evc?luti?)n equationsycannot be ap%lieaables' Accordingly, we propose to describe MDs in full

and long range correlations among produced particles ar%hase space In the new region in terms of the wel_ghted su-
. perposition of the MDs of soft eventgevents without
expected to be quite large.

minijets’) and semihard eventgvents with minijets with

A sound theory of strong interactions cannot avoid de'each component assumed to be of Pagmahegative bino-

scribing such a complex high-energy many-body system; gfia)y multiplicity distribution, P&NB)MD,? type [3]. With
the same time to approach this problem is ancillary to thenese two simplifications the full problem is reduced to de-

understanding of even more complex strongly interactingermine the energy dependence of thdNBIMD param-
systems such as proton-nucleus and heavy ions collisions. i

should be recalled and stressed again and again that it is st (r?r:z’tel.rElly‘o?ft:]r:aesz\;te;%esg:r?iﬁ;z ?;g'ggg‘;ﬁg%g;@;
a problem for QCD(in hh collisions more than in other

L _ ; ' that the parametd is linked to the dispersioD by
collisions due to the mentioned complexity of the readtion

how to extend the theory from the perturbative to the non- D2—n
perturbative sector. Hadronization mechanism and more spe- k1= = (h)
cifically how to calculate from first QCD principles multi- n

plicity distributions and correlation structure of final particles o ) S
states(the true observablgsire here unanswered questions. We also notice in passing that, when the distribution is not a
In this region where standard QCD has shy predictions for £&NB)MD, Eq. (1) can be taken as a definition for the pa-
complex system such as hadron-hadron scattering at vef@meterk in terms of dispersion and average multiplicity.
high c.m. energies one can rely only on models based on It appears that in this essen'qal framework at least three
empirical observations on multiplicity distributions behavior Scenarios are possiblet) Koba-Nielsen-Olese(KNO) scal-
and related normalized factorial and cumulant moments both

in full phase space, and in limited sectors of rapidity and

transverse variables. Thus the first step of our program is to'Here we rest with the standard definition of minijets as proposed
examine critically what one learns drh collisions in full by the UA1 Collaboration: groups of particles having total trans-
phase space from previous experimental and theoretical workerse energy larger than 5 GeV.

starting from accelerator region resufts a subsequent pa-  2From now on the abbreviation “REB)MD” will be used to

per we will extend our study to rapidity intervaldmportant  mean the Pascalalso known as negative binomjiamultiplicity
hints are also expected to come from other reactions such aistribution.
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ing limit is achieved in the TeV region for both components; o1 gy 4-'""""""""'},3"- 01 T
(2) KNO scaling is valid for the soft component, but it is » [ 3 0'_1"\//\ 14, ]
heavily violated for the semihard component in the TeV re- 1 /\\/ | %%
gion; (3) a QCD-inspired scenario can be obtained by assum- il

ing that the form of perturbative QCD predictions for the 1 4 rerrrrerrer— 0
width of the MD can be used also in the nonperturbative 1 .. 9 ]
sector. IKENATAYE R
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treme possibilities. They determine in a certain sense reasor

able bounds to the variation of the (R@)MD parameters.

The third one turns out to give R4B)MD parameters be- FIG. 1. (@ Multiplicity distribution at c.m. energy 546 GeV
havior intermediate between the first two. (UA5 datg, with the two components of Ed2), corresponding

We are aware of the fact that the assumptions of the proresidual analysis ofo) a fit with one single P&B)MD and of (c)
posed description are not unique. They are dictated to us bie fit with Eq.(2); (d) ratio of momentsH,, calculated from Eq.
our experience in the field and by our personal taste. Thié2) after truncation.
consideration notwithstanding we believe that this research
line should be pursued in order to give some hints to futurd?aNB)MD due to the flexibility of its 1k parameter is de-
experimental and theoretical work, and to explore whethescribing quite well all the abovementioned experimental
new phenomena are predicted by the present approach faicts, which are apparently dominated by soft events. A
higher energies. Our findings should be confronted with reshoulder structure in the tail starts then to appear at higher
sults of other possible phenomenological approachsich  energies as shown by the UA5 Collaboratid; a single
we are demandindeaving to experiments, when available, PANB)MD cannot describe the new effdane talks of Pas-
to decide among different realistic alternatives. cal (negative binomial regularity violatior, which can be

Our aim is to illustrate the RBIB)MD composition tech- interpreted as the onset of semihard evef@gents with
nigue and to apply it to a simple problem. Of course, oneminijets). Notice thatPyTHIA Monte Carlo calculations give
relevant fraction of events is expected to come also fromat present unsatisfactory results in this aféh although a
diffraction which affects both the soft and semi-hard compo-careful optimization of the parameters can of course improve
nents. Accordingly, one can study in this context substructhis trend.
tures generated by diffraction in the two previous compo- Accordingly, as reminded in the Introduction, it has been
nents by using again the composition in terms of weightecproposed to describe the observed shoulder structure as the
PaNB)MDs of diffractive and non-diffractive events. The weighted superposition of soft eversvents without mini-
use of a PANB)MD for describing diffractive events leads jets) and semihard eventgvents with minijets the weight
indeed to results not far from those of a modified gammeébeing the fraction of soft events and the MD of each com-
distribution[4]. We do not intend to explore for the moment ponent being of R&IB)MD type. The resulting master equa-
this new perspective, which we postpone to future work, bution for P, turns out to be the following:
which we are ready to use when a correct residual analysis
on MDs will show indications of new substructures. What is
studied in this paper is indeed the structure of non-single: n(“soft'“soft'ksoft’”semlhardksemlhara
diffractive events only.

= @orl VS) PTNB Ngort(VS) , Ksorl VS)]
Il. P, VS n BEHAVIOR AND Hq VS q OSCILLATIONS

IN FULL PHASE SPACE IN THE GEV AND +[ 1= sl VS) TP B Neeminark v/S) . Kseminard v'S)]
IN THE TEV ENERGY DOMAINS 2

It has been shown in the accelerator region that final
charged multiplicity distributions in full phase spag are  whose physical content is self-explanatory. Notice that we do
initially narrower than a Poisson distributigril/k P&aN- not consider interference terms because the classification of
B)MD parameter is negatitend the distribution is indeed a events as soft or semihard is based on the final hadronic
binomial distribution, produced particles are very few andstate, not on the underlying partonic event.
like to stay far apart one from the other, particles anticorre- Excellent fits have been obtained By, [7], an example
lations seem here to be favored. Then at approximately 38f which is shown in Fig. (a): the plot of residual$(b) and
GeV c.m. energy the observed MD becomes Poissoniar(t) in the same figureshows how the fit gets better when
PaNB)MD parameter ¥ is zero in this region, particles are using two P&\B)MDs [although, it should be mentioned,
produced independently one from the otk&s predicted by the fit is not completely satisfactory, which can indicate the
the naive multiperipheral modelAbove 30 GeV c.m. ener- presence of further substructures. The use of residuals should
gies up to ISR energies the distribution is a tru¢NEBMD: also be takercum grano salisn this case, because a mini-
1/k parameter becomes positive, the number of producechum chi-square test has been used to find th&NBgMDs
particles is larger, two particle correlation are dominant agparameters: although the run test might still be asymptoti-
requested by hierarchical correlations structure. A singlecally independent of the chi-square test, which does not use
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information on the sign and sequence of the deviations, its 100 L 1 s S B o R B R R A Y
distribution is in fact not known, thus the pattern of the re- n
sidual is only indicativg®

In the fits, the soft component fraction decreases from 80
93% at 200 GeV to 72% at 900 GeW,.y is taken constant
as the energy increaséas requested by an early KNO scal-
ing behavioy and its best fit numerical value is 7, whereas 60
Kseminargdecreases from 79 at 200 GéN describes a nearly
Poissonian behaviprto 13 at 900 GeV, indicating strong
KNO scaling violation. The average charged particle multi- 40
plicity is approximately two times larger for the semihard
component than for the soft componéas observed by UA1
Collaboration[8]). It is interesting(and remarkablethatH,, 20
Vs ( obtained by data on multiplicity distributions oscillates
in this region and that the oscillations are quite well de- anst
scribed by theK, overF ratio calculated by using Eq2), 0 RN I A T S B W W R AT 1
as shown in Fig. @). 100 1000 10000

That is, in summary, all we know in the GeV region on c.m. energy (GeV)
our variables behavior. Coming to the TeV region which we
want to explore we will proceed by extrapolating Eg) in
the new energy _domaln. AItho_ugh highly simplified our ap_t n synchrotron(SPS colliders, the UA5 analysis with two Fs-
proach still requires to determine the energy dependence )MDs of SPS datdcircles: soft component; squares: semi-hard

PaNB)MD parametersn andk for the soft and semi-hard componeny, together with our extrapolatiorfines: dotted: total
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FIG. 2. Average multiplicityﬁ vs c.m. energy. The figures
shows experimental datéilled triangles from ISR and super pro-

components, as well as of soft component fractiof,  distribution; dashed: soft component; short-dashed: semi-hard com-
which we propose to do in the following. ponent, Eq(4a); dot-dashed: semihard component, E4h)].
A. Ngort AN Ngermingrq €NeTgY dependence Neoai= 3.01— 0.474Ir( /) + 0.7541( /). ()

For Fsoﬂ it is assumed that its fitted values in the multi-
plicity distributions in the GeV region can be extrapolated to Being now in this approach
higher energy domains, i.e.,

Fsoft( \/g) =—5.54+4.721n( \/g) 3 Ftotal= asoftﬁsoﬁ"' (1- asoﬁ)ﬁsemihard (6)

(dashed line in Fig. 2 with /s in GeV. the energy dependence af.; can easily be determined. It
Assuming UAL analysis on minijets to be approximatelyturns out to be in the two cases described by E4a). and

valid also at higher energies one has fofmiharg (Short-  (4b)

dashed line in Figure)2

— _ =2~ Nyotar/ N 7
Nseminark V)~ 2Neor( /S) . (43) ool otal o 73
Alternatively one can postulate th;Eemihar& Js) is in- and
creasing more rapidly with energy and correct E¢p) by o o
adding on its right side a f//s) term, accordingly one ob- sor= 1+ [ Nor— Neotall /[ Nsore €' IN?(V5)],  (7b)

tains

— = "2 respectively.
Nseminar \'S) ~ 2Nsor(V'S) + ' In?(V/s) (4b) In Fig. 3 the soft events fraction is shown to be quickly
decreasing with energy; the general trend is to invert the

t(dlilsf;r;tt:iotted I|r:1<ta 'E Flr?/ )dzc-irh\f t?mr:plf? (r:;’r!;gt't?nh r?/'ig?t situation observed in the GeV region where soft events frac-
ake Into account observed deviations 1ro Ehavior  tion was dominant: semihard events fraction is here increas-

at 900 GeV and estimate from the fit at the same time pafng from 11% (0.2 TeV) to 75% (20 TeV). Significant

ram('aterc n Eq. (4b), wh|ch.turns OL_H t'o' beb_o'lf o changes are introduced by the presence of tﬁe/i—z) termin
Finally n of the resulting multiplicity distribution in £¢ (4p) at higher energies: the fraction of semihard events is
agreement with the common wisdom is given by a quadrati¢, this case 10% at 0.2 TeV but increases only to 62% at 20
fit (dotted line in Fig. 2 TeV. In the previous case, the semihard component becomes
larger than the soft one at 3—4 TeV, but now th&({fs)
term induces this change at approximately 7 TeV. This dif-
3We thank S. Krasznovszky for discussion on this point. ference will be visible especially in scenarios 1 and 3.
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Ll Fermilab TEVATRON and the expected c.m. energy of the
CERN Large Hadron CollidefLHC). It is interesting to re-
mark that the shapes of the multiplicity distributions of the
two components are similar at all energies, but the heights of
the corresponding maxima are reversed in going from the
lowest to the top energy. In addition oscillations seem to be
stretched in shape as the energy increases, indicating their
tendency to be highly reduced at higher enerfjiegice that
we show heréd, moments calculated without truncating the
MD, because the truncation depends solely on the size of the
experimental sample; thus we only show the moments com-
puted for the total MD, as the two components are each of
PaENB)MD type and therefore, individually considered,
100 1000 10000 100000  Show no oscillationk _ .
c.m. energy (GeV) A rather large change in the shape of the MD is intro-
- duced when we consider the quadratic termrfQinare EQ-

FIG. 3. Energy dependence of the superposition paramelgr (4 even at 20 TeV the maximum of the semihard compo-
g;?:nn dOqua(.)C];trai\i/(Ee dnz;e?ﬁr:\ém;;(ijg)s] gfea;'n“;e@:gé'%f“?ﬁé E\(/]ér- nent has not yet become larger than that of the soft compo-
age multiglicity of the semi-ha’rd cbmpon:nt on c.m. energy. Thenem' On the other ha_nd, the shoulder has_ bt_a(_tome more evi-
triangles are the result of the UA5 analy§H. Qent, due to the hlg_her average multiplicity that was

introduced for the semihard component and the smaller re-
sulting value ofag.,; at a c.m. energy of 14 TeV the area of
the maximum of the total MD is rather flat and shows a small

Ksot Was found to be constant in the GeV region by thedip [see Fig. §a)]. Correspondingly the oscillations of the
UAS collaboration; since in additiomgy is growing with ~ Hy moments become approximately four times larger in am-
energy, see Eq3), to assumek,; constant in the new en- plitude, but do not vary much in period, and the first mini-
ergy domain implies mum is not shifted.

Usoft

B. Kgoit and Kgeminarg €N€rgy dependence

D2,/ Ngore~ cONSt=0.143 (8) B. Scenario 2

The main assumption is that the general trend observed in

which corresponds to say that KNO scaling behavior is validhe Gev region for the total distribution continues to be valid
for the soft component in the TeV region. We stay with thls.n the TeV region, i.e.D2. /2. is logarithmically grow-
assumption otkg.. It should be pointed out thad, is not : gion, i.€.Digraf Migra 1S logarithmically grow

affected by the introduction of thegls term in Eq.(4b). As Ing, suggesting strong KNO scaling behavior violation:

anticipated in the Introduction, the discussion on the behav- “1_ _0.082+0.0512Inys 9)
ior of KseminarqOP€ENS at least three possible scenarios which total '
are discussed in the following.

see Figs. &),4(d).
lll. THE THREE SCENARIOS The effect of a quadratic growth Of,einare EQ-. (4b), in
this scenario is to decrease the value dJfinarq(Curves
] ] _ labeled B in the figure This fact is again consistent with
KNO scaling holds in the TeV region also for the semi- 1/ growing with energy. In Fig. 6 are shown the multi-

hard component, i.e., we assume th@dinaaiS decreasing  piicity distributions and the correspondirgy, vs g oscilla-
until 900 GeV(its value is 13 at this c.m. energgnd then it tions of this scenario.

A. Scenario 1

remains constant_in the new region. Being thal inarqiS The first remark is that the shapes of the two components
even larger thamsofnDzsemiharclﬁgemihar? 0.09 throughout are totally different, a wide queue in the semihard compo-
all the explored energy range, see Fig&)4nd 4b). nent is visible in the high multiplicity channels. The heights

at the maxima favor initially the soft component and then the
heights of the two components are almost equal. It is striking
that H, vs g oscillations disappear as the c.m. energy in-

(7b). This fact is consistent with our assumption of the sy-Creases, mdmatm_g thf"‘t single (NB)M.D behavior is the
perposition mechanism. dominant feature in this energy domain.

Expected multiplicity distributions at 1.8 and 14 TeV c.m.  In this case the effect of a quadratic growthngfminardis
energies and correspondirtdy, vs. q oscillations fitted by much less noticeable than in scenario 1 in the shape of the
using the composition of the soft and semihard substructure¥D: the shoulder is only slightly more visible and the am-
are shown in Fig. 5. The energies of 1.8 and 14 TeV havlitude of theH, oscillations is moderately larger than in the
been chosen because they are respectively the c.m. energyaafse of lineangeminarg

The effect of a quadratic growth miemihardwith energy,
Eq. (4b), in this scenario is to increase the value dfd4
[curves B in Figs. @),4(b)], via the change inxgy, EQ.
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FIG. 4. The parameter &/(a),(c),(e)] and the KNO scaling parametBr?/n? [(b),(d),(f)] are plotted for the scenarios described in the
text [from top to bottom:(a),(b): scenario 1;c),(d): scenario 2§e),(f): scenario 3 The figures shows experimental défilled triangles
from ISR and SPS colliders, the UA5 analysis with twgNPB)MDs of SPS datdcircles: soft component; squares: semihard compgnent
together with our extrapolationdines: dotted: total distribution; dashed: soft component; short-dashed: semihard component

C. Scenario 3 Since the constants can be determined by a least square fit

This is the QCD inspired scenario. QCD predicts, at thel® the values found fok at c.m. energies 200, 500, and 900
leading ordef, for the parametek of the multipicity distri- GV One obtains, assuming EQ0) to controlKseminargcOM-

bution[10] ponent behavior,
k™ *=a+byasyong (10 Kook inarg= 0-38— 0.42/\In(\/s/10). (12)
where The result is presented in Figs(.eﬂ,él(f). Notice how 1Ko
is indeed lower than in scenario 2 b% higher that in scenario
strong= 1/IN(Q/ Q) (11) 1. The effect of a quadratic growth of.mihare EQ- (4b), in

this scenario is once again to increase the value kf;}/
similarly to what happens in scenario 1.

The new situation foP,, vsn andH,, vs q is summarized
in Fig. 7. It is interesting to remark that this scenario gives
predictions on both variables which are intermediate between
the two previous extreme ones of scenarios 1 and 2. In Fig.
7(a) one sees in fact that the tail Bf, vsn is increasing with
c.m. energy but high multiplicity channels are not populated
as in Fig. 6, although they are larger than those in Fig. 5.

“In view of the approximations involved, more sofisticated calcu-Minijets production is intermediate between the two sce-

lations[9] are not useful in this framework. narios. Accordingly, in Fig. (b) Hq vs q oscillations are

and Q, Qg are the initial virtuality and the cutoff of the
parton shower. QCD predictéfor e" e~ annihilation a
~0.33 andb=~—0.9, but in order to apply the above equa-
tion to our problem we leave thae, b, and Q, parameters
free.
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FIG. 5. (a) Multiplicity distributions for scenario 1 at c.m. energies of {T&vatron energyand 14(LHC expected energyleV; the first
row refers to solution A for the average multiplicity in semihard events, the second row to solutsmiidline: total distribution; dashed
line: soft component; short-dashed line: semihard compgnénjt filled circles: H, vs g oscillations (without truncation of the MD
corresponding to the total distribution of p&a; the line is drawn to guide the eye; again the first row refers to solution A for the average
multiplicity in semi-hard events, the second row to solution B.

decreasing with c.m. energies but not as much as in scenariscenario 1 or strong KNO scaling violatior{scenario 2

2, indicating that the absence of oscillations is here arThese too extreme choices were done of course on purpose

asymptotic prediction and coincides with expectationsigf  in order to fix the boundary conditions to our exploration: the

oscillations description in terms of a single(R&8)MD. It is real world might very well beas illustrated by scenario) 3

in fact quite clear that in the limit,— 0 minijets produc- petween the above two.

tion is dominant with respect to soft events and the corre- |n conclusion the reaction is controlled by the ratio of soft

sponding multiplicity distribution is described almost fully to semi-hard events. This ratio favors soft events production

by a single PENB)MD. _ up to CERN Intersecting Storage Rin@SR) energies and a
The effect of a quadratic growth @fseminaqiS quite no-  single P4NB)MD describes here quite well all experimental

ticeable here, as the shﬂjlder structure, almost disappearggtts, above such energies semihard events start to play a

above 10 TeV with lineangminarqis Now well visible up to  more important role and are revealed by two effettse

20 TeV, because the semihard component has not yet benset of shoulder structure in the multiplicity distributions

come dominant. Correspondingl{i, oscillations are ap- andHgq vsq oscillations in related correlatiopsoth effects

proximately 3 times as large as in the linear case. can be cured by using the weighted composition of two
It appears that probably it is a too “black and white” P&NB)MDs, one for the soft part of the reaction, and the

attitude to assume fdtseninargStrong KNO scaling behavior second for its semihard part. In the TeV region semihard
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FIG. 6. Same content as Fig. 5 but for scenario 2.

events become dominant, they obscure soft events produsee Fig. 8. The above definition is valid for a singldNra
tion and following our assumptions asymptoticallg.(z  B)MD only. Notice that for the total multiplicity distribution,
—0) a single PANB)MD is describing again quite well mul- clans cannot be defined: the fact, as shown in Figs. 5-7, that
tiplicity distributions and corresponding correlation struc- the total MD presents oscillations in the ratio of mometits
ture. A quite natural question after these remarks is how soffmplies, via the theorems proven in RéL3], that the total
and semihard events, being both described in terms of MD IS not an |nf|n|t6|y divisible dlStrlbUthF(lDD): indeed

P&NB) multiplicity distribution, can be distinguished in the ©nly for IDDs it is possible to generalize the definition of
framework of clan structure analysis. clans from that of Eq(13) to that of intermediate sources

produced according to a Poisson distribution. This is the rea-
son why we will discuss the behavior of clan parameters
IV. CLAN ANALYSIS OF THE SOFT AND SEMIHARD only for each component separately.
COMPONENT SUBSTRUCTURES The soft component substructure is the same in all three
_ scenarios. The average number of clans is here a slowly in-
For a single PA&B) MD of standardn andk parameters, creasing variable with c.m. energy and the average number
clan structure analysigl1,12 is performed in terms of the of particles per clan goes from 2.6 at 1.8 TeV to 3.1 at 20
average number of cland and of the average number of TeV, indicating that phase space is homogeneously filled by
particle per clam, which are defined as follows: independent almost equal size clans as requested by a KNO
scaling regime. One can talk in this context pictorially of
. . o independent equally populated sources whose number is a
N=kIn(1+n/k), n.=n/N, (13 slowly increasing function of available c.m. energy.
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FIG. 7. Same content as Fig. 5 but for scenario 3.

In scenario 1, which assumes KNO scaling behavior alsmumber of independent intermediate sources and this is strik-
for the semihard component, the average number of particldag. The two scenarios are indeed—as already mentioned—
per clan is approximately the same as that seen in the sofjuite extreme. The highly ordered and homogeneous struc-
component substructure, whereas the average number @fre of phase space in scenario 1 becomes here highly
clans is two times larger in the semihard component than imhomogeneous favoring huge branching production in each
the soft one. This finding is consistent with the assumption okource to be compared with the fully independent production
equation@a). It is quite difficult in this scenario to see any of the source<clany. Available c.m. energy goes more in
sizeable difference between soft and semihard clans. Appafarticle production within a clan than in clan production,
ently clans have indeed the same size in both classes @pntrary to what was found in scenario 1. Here equal size,
events; the difference lies only in the average number ofore numerous soft clan production in soft events, should be
clans which is two times larger in the semihard componentcontrasted with less numerous semi-hard clans of quickly

Scenario 2 shows a dramatic increasing with energy of thgrowing size in semihard events. One can guess that it is the
Dgemiha,éﬁgemihardratio as requested by strong KNO scaling high internal branching within each semihard clan which is
violation. Accordingly the average number of clans is aresponsible of the huge minijet production and favors even
quickly decreasing function of energy and then it becomes a&lustering of minijets.
very slowly decreasing quantity. This behavior should be Finally scenario 3 which, it should be remembered, is a
confronted with that of the average number of particles peQCD inspired scenario. KNO scaling violation for the semi-
clan which at 5 TeV is almost two times larger than at 900hard component although effective is not as strong as in
GeV and becomes three times larger at 20 TeV. Notice thatcenario 2. The average number of clans is 18.2 at 5 TeV
this huge cascading phenomenon is associated with a limite@bout the same size seen at 900 Gea¥d 17.5 at 20 TeV,
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FIG. 8. Clan parametei [(a),(c),(e)] andn, [(b),(d),(f)] are plotted for the scenarios described in the f&wm top to bottomi(a),(b):
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suggesting an almost energy independent production of theisible only in scenario 2, being negligible in scenarios 1 and
average number of clans over a large fraction of the Te\3; obviously the effect appears only in the semihard compo-
region; in addition the average number of particles per clament, and not in the soft one. These facts are a consequence
is growing with energy but not as much as in scenario 2pf how we constructed our scenarios: indeed in scenarios 1

suggesting a moderate average branching consistent Wiihd 3 the term [%(\/s) appears only im inside the logarithm
particle production in minijets. [see Eq.(13)], whereas in scenario 2 it appears also in

In Fig. 8N andn, are plotted for the individual substruc- Keeminarg The average number of clans is increased by about
tures of the collision in the three scenarios as functions of th€0%, while the average number of particles per clan is de-
c.m. energy. It is interesting to remark here on a linearcreased by approximately 10%.

growth of N with the maximum allowed rapidity for the soft

component and for the semihard component of scenario 1 to
be contrasted with an almost parabolic decrease of the aver- V. NEW EXPERIMENTAL DATA
age number of clans for the semihard component in scenarios

2 and 3 with respect to the same variabl_e. It is also remark\'/\/alker[14] appeared, providing data from the E735 experi-
able that the average number of clans is more rapidly der'nent atFERMILAB. The Authors of that paper find that MD
creasing in scenario 2 than in scenario 3, indicating the OCHata in f p.s. up to 1800 GeV c.m. energy can be described in
currence of more .branchmg in each clan. In. addm.on Nterms of events belonging to two independent classes, only
scenario 3 the starting of a very slowly decreasing region foBne of which obeys KNO scaling. The threshold for the ap-
N is already clearly visible at 10 TeV and expected to depearance of the second class of events is estimated approxi-
velop over a large sector of the TeV region. mately between 100 and 200 GeV. These results agree with
The effect of a quadratic growth of,eminare EQ- (4b), is  the starting point of the present analysis. The authors of Ref.

After we finished our work, the paper by Matinyan and
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FIG. 9. Comparison of our predictions on MDs at 1.8 TeV c.m. endsgjid lineg with the recent data published by the E735
Collaboration(triangles [14] for each scenario and each option.

[14] interpret the two classes as events generated by one afsl Fig. 9 will be confirmed, they imply that oUKseminard
by more than one parton-parton collision, respectively. Al-narameter decreases more rapidly than in our scenario. This
ternatively, we prefer to interpret the two classes as soft anghct has important consequences since the mentioned devia-
semihard events. It should be remarked that in the data pregons occur mainly in the tail region of the distribution,
;?Séictihg% :Es cii?eiggr?o?iwgnigte;hoef mgua'&% é%sntaeg:)";‘ggg'r%here the multiplicity is higher. Accordingly, the integrated
This consideration notwithstanding, we decided to comparéwgzpartICIe correlation,  JCzsemiarb 7. 72)d 71072
the new data at 1.8 TeV c.m. energy to our predictions, pre= NseminardKseminars aré much larger. Therefore one should
sented in the previous sections. As can be seen in Fig. 9, ju§XPect here a production of more densely populated minijets
by inspection, scenario 2 with option A seems to be fav8red.characterized by a higher internal two-particle correlation
We conclude that according to our description one shouldtructure. This fact can be best understood in terms of clan
expect strong KNO scaling violation in the MD and logarith- structure analysis: as discussed in Sec. 1V, clans are few and
mic growth with energy of the average charged multiplicity very large under the conditions just described, indicating that
of the semihard component. It is interesting to remark thavery productive branching processes are at work.
what we considered an extreme situation turns out to be less Whether this is the onset of a new component to be added
extreme from an experimental point of view: it is clear in- to the previous ones and to be interpreted as the correspond-
deed that a huge minijet production will be the main characing phenomenon to the occurrence of three independent and
teristic of the new energy domain. Assuming that observedimultaneous parton-parton collisions as implicitly suggested
deviations of E735 results from our predictions of scenario 2y the authors of Ref(14], or simply a discrepancy which
should be cured by modifying the energy dependence of
PaNB)MD parameters in our scenaridand especially in
A more detailed discussion on the experimental results of th&cenario 2 with option Ais an open question. A clarification
E735 Collaboration and their relevance for the study of MDs in thecan come by a comparison of E735 results with CDF data
TeV region is postponed to a forthcoming paper. and a better understanding of the phenomenon itself by the
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analysis of data areEvVATRON in rapidity intervals which  Scenario 1 is apparently excluded by E735 data at 1.8 TeV
probably are affected by less systematic errors than in fult.m. energy and scenario 2, when compared with the same
phase space. Accordingly, we prefer to be more cautious argkt of data, turns out to be less extreme than previously
to wait for new data before drawing any ultimate conclusion.thought suggesting that the main feature in the new region, in

our framework, is huge minijet production together with a

VI. SUMMARY possible production of a new species of minijets. The QCD

inspired scenario interestingly gives predictions which are

Possible scenarios of multiparticle production in hadron+ntermediate between the other two.

hadron collisions in the TeV region have been discussed. It c|an structure analysis when applied to the identified sub-
has been shown that the most spectacular facts are here th@yctures of the reaction in full phase space in the TeV re-
occurrence of two classes of events and in this frameworlion reveals unexpected and interesting properties which

the dominance of semihard events with respect to the sofearly differentiate the three scenarios and offer strong sup-
ones; this last result should be confronted with the behavioport to mentioned interpretation of scenario 2 in terms of
of the two components in the GeV region where just theminjjets. Finally, we would like to stress once more the im-
opposite occurs, i.e., the soft component is dominant. Asportance of the awaited data in rapidity intervals frovA-
suming that soft component events multiplicity distributionstron, which, not suffering from the systematic limitations of
behave according to KNO scaling expectations, two extrem@xirapolations to full phase spaéas done by UA5 and by

situations for the semihard component structure of the mulg73g will help clarify the situation while waiting for the
tiplicity distributions, i.e., an effective KNO scaling regime | yc.

and a strong KNO scaling violation regime, have been com-
pared to a QCD inspired set of predictions. Essential ingre-
dient of the analysis have been to think to the final charged
particle multiplicity distributions at various energies in terms  Both authors would like to thank W. D. Walker for useful
of the weighted superposition of the two abovementionedliscussions on his work. R. U. gratefully acknowledges the
components, the weight being the fraction of soft events. Ifinancial support of the Fundaz Ciencia e Tecnologia via
addition following the success of the fits in the GeV regionthe “Sub-Programa Cieia e Tecnologia do2Quadro Co-
each component has been assumed to be @& D type.  munitaio de Apoio.”
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