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Chaotic behavior of multiparticle production in pp collisions at 400 GeV¢t
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The entropy indices are calculated from the data of 400 GgMs collisions. The entropy indices are
increased with decreasing average multiplicities of the final states. The multiparticle producipncoili-
sions is chaotic[ S0556-282(198)00705-X]

PACS numbes): 13.85.Hd, 05.45tb, 12.40.Ee

I. INTRODUCTION FS(M):fg(M)/[f‘i(M)]q (1)

How to measure the chaoticity of multiparticle production and
in high energy collisions is a complicated problem. For clas-
sical nonlinear dynamics, the Lyapunov exponkrtan be M
defined to characterize divergent distances between trajecto- fS(M)=M"1> nj(nj—1)---(nj—q+1), 2
ries; no such conventional description of chaotic behavior of =4

SCD pranc:thlngt:] gr(t)t::esses %>I<|sts: Retcently, fCar(]) a{‘qt Hwﬁherenj is the number of particles in thjeh bin for evente.
ave investigate € possibie sighatures ot Chaolicily Op, - yiterent events, the fluctuation Gﬁ(M) may be very

multiparticle pr_oductlon in- high energy coII|_5|0r[§.—3]. large. In order to measure the degree of this fluctuation, a
They have defined a new entropy indgy which can be : .
new normalized moment was defined[i4,

used as an adequate parameter to measure chaotic behavio

in branching processes. The entropy indices also provide an _/EP 1

efficient way to distinguish whether the initial parton in QCD Cp.a(M)=(Fa(M))/(Fq(M))® @

branching processes is a quark or a gli8h In order to

extract the entropy indices, one should study the phase space

(for example, the pseudorapidity space and the event 1 N

space simultaneously. For each event one can calculate the (FR(M))= > [Fg(M)TP, (4)

factorial moments iy space, event by event; the values of N =1

factorial moments fluctuate greatly. The entropy index ) . .

describes the degree of such a fluctuation from event t¥/nereN is the number of events arul is a positive real

event; i.e., the entropy index is a simple quantity that caflumber. IfC; o(M) has a power law behavior i, i.e.,

characterize the degree of fluctuations of both the parton

multiplicity and the spatial pattern of the final states. It is a vaq(M)NMd)q(p)’ ®)

guantity that can be measured experimentally with ease.
According to Monte Carlo simulations, the authorq bf

were able to show that perturbative QCD branching exhibits d

chaotic behavior, whereas a model lacking the characteristics He= g5 bq(P)|p=1 (6)

of QCD does not. It is found that the entropy index is very P

large when the parton which initiates the branching process . . .

is a quark, especially in the case of a lower average multifrjmd a new entropy in the event space is defined as

plicity of the final state$3]. N
In t_his paper the entrop_y indices are ca!culated fro_m the Sy= 2 Pg In(Pg), @)

experimental data of multiparticle production pp colli- é=1

sions at 400 Ge\W in order to learn the chaoticity of multi-

particle production irpp collisions and to see how the en- Where

tropy index looks in reactions not dominated by QCD parton

then a new entropy index is defined [

N
showering.
9 PS=FS(M) / X FS(M). ®
e=1
Il. ENTROPY AND ENTROPY INDEX . . . .
IN THE EVENT SPACE The relationship between the entropy and entropy index is
The details of the method can be found[&l; here, we Sq=IN(NM~*#a), 9

describe it briefly. The pseudorapidity space is divided into
M bins and calculated the normalized factorial moments foit can be seen from the above formula that a smglicor-
each event according to the following formula: responds to a large entropy, which means no chaotic behav-
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FIG. 1. InC,4(M) versus InM for anN., =4 event sample. The error bars are drawn only for one curve; others are dropped.

ior of particle production in branching processes. In order to
decrease the entropy, the, must be large, and so a largg
means chaotic behavior.

X(77)=f:p(77’)d77’/ j:zp(n’)dn’, (10

where n; and 7, are the extreme points in the distribution
p(7). In X(7) space the single-particle density is uniformly
] o o distributed from 0 to 1. Then we divided the regidil] into

In the present investigation, the angular distributions for pins and calculated the momer@, ,(M) for =2,3,4,
charged particles produced pp collisions at 400 GeW p=0.5,0.7,0.9,1.0,1.1,1.5,2.0, an¥ ;quz,._”40, respec-
were measured by using the Lexan Bubble ChanibEBC) tjyely. The InC,4(M) versus InM are plotted in Fig. 1. The
films offered by the CERN NA27 Collaboration. The details |jhear fits to the experimental data in the region Mif
of the NA27 experiment, which was performed using the_5_ o5 have been performed fqe=2,3,4 andp=0.9,1.1
rapid cycling hydrogen bubble chamber LEBC in associationggpectively. The fit parameters are given in Table 1. From
with the European Hybrid spectrometer at the CERN Supefese parameters we can extract the entropy indices which
Proton SynchrotrotSPS, was described elsewhelé]. The  5p6 higtted in Fig. @). It can be seen from Fig.(8 that the
diameter of the ?_r‘]{bble was 1gm. The density of the gnopy indices are quite large. Comparing with the theoret-
bubbles was 80 cnt. Without a magnetic field, the tracks c4| predication i3], the experimental data are very close to
were linear and the pictures were clear, which helped to megne Monte Carlo—simulated values of a quark jet at a fixed
sure the angular distributions of the tracks accurately. Thes@oupling constantr,=0.05 [see Fig. 2b)]. However, it is
films were measured on a semiautomatic scanning table V}"tgigniﬁcantly greater than the simulated values of a gluon jet
magnification 17. In order to get the angular distribution ing¢'the same coupling constant. It looks like the original par-
the c.m. systenic.m.s), a visual ionization scan was per- o that initiates the parton shower in 400 Ge\#p colli-
formed. Details of the measurement are givefiSh A total  gjons is a quark.
of 3730 nonsingle-diffractive eventsf,=4) were mea- As indicated in[3], for the QCD parton shower, the par-
sured. The accuracy in pseudorapidity in the region of interyon mytiplicities are low, when the fixed coupling constant
est (—2=#=2) is of the order of 0.1 pseudorapidity units. , js small and especially so for tf@ jet. The fluctuation is
very large when the average multiplicity is lower. It causes a
largeruq . This is coincident with the experimental results of
multiplicity production inpp collisions at 400 Ge\W. Be-

The single-particle density distribution in pseudorapidity
space is nonflat. In order to reduce the effect of a nonflat

IIl. EXPERIMENTAL DATA

IV. RESULTS

particle density distributiop(7), one can use a new variable z - - 2 o
X(7n), which was defined b{s5,7] J :
| © N0 5] o Gkt
TABLE |. The fit parameters obtained by linear fiy=ax © Nt
+b) to the experimental datdN. >4 event sample Bg 1f 1
q P a b 05 05
2 0.9 —0.0197-0.0009 0.02840.0018 @) ®)
2 1.1 0.020-0.0009 —0.0289-0.0018 R
3 0.9 —0.08970.0022 0.110%0.0046 q g
3 1.1 0.0923%0.0020 —0.1064£0.0042
4 0.9 —0.1743:0.0049 0.17880.0104 FIG. 2. uq versusq for different average multiplicity event
4 1.1 0.1766:0.0059 —0.1659+0.0127 samples.(a) The experimental resultstb) The Monte Carlo—

simulated results obtained by Cao and H8&
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FIG. 3. InC,4(M) versus InM for different event samples.

cause the average multiplicity is lower, the average multithe cases gp=0.9 andp=1.1 are shown in Fig. 3. It can be
plicity n=10.27 for anN,>4 event sample. It is reasonable seen from Fig. 3 that the mome@, (M) becomes smaller

to expect that the values @f, will be decreased when the when the average multiplicities become larger. The entropy
average multiplicity is increased. This is because the gluonindices obtained from above results and other relative param-
initiated shower should be included and become importangters are listed in Table II. In Fig.(® only a part of the
when the average multiplicity is increased. In order to con-entropy indices was plotted. It can be found from Fi¢g)2
firm this, we have performed the same calculations for theand Table Il that the entropy indices indeed become smaller
following four multiplicity distributions: (1) Ng,=10, (2)  when the average multiplicity becomes larger. These results
Nev=8, (3) Ngy=18, (4) No,=16. The event sampléd) and  are in agreement with the theoretical prediction3h How-

(2) correspond to the multiplicity distributions that are trun- ever, the experimental values are still significantly greater
cated at a lower tail; the event sampl& and (4) corre-  than the simulated values of the gluon jet. This means that
spond to the multiplicity distributions that are truncated at athe dominated original parton that initiates the parton shower
higher tail. The InC,4(M) versus InM for different event in 400 GeVk pp collisions may be a quark or the reactions
samples are shown in Fig. 3. In order to make it clear, onlymay not be dominated by QCD parton showering.

TABLE Il. Entropy indices and relative parameters.

Event samples Event numbers n o 3 Ha

Neg =16 3478 9.61 0.21#40.009 0.9510.022 1.8180.052
N, =18 3612 9.92 0.2060.009 0.934-0.023 1.7870.060
Neg =4 3730 10.27 0.2030.009 0.909-0.021 1.752-0.054
Ne =8 2864 11.74 0.1190.007 0.75%0.030 1.6270.050

Ne=10 2145 12.99 0.0840.005 0.676:0.029 1.5710.052
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V. CONCLUSION energy. The entropy indices are increased with decreasing

In this paper, the entropy indices were calculated from n&verage multiplicities of the final states. In the sense of the

experimental data of 400 GeW¥/pp collisions. Comparing gg‘;ngt 'QSSXG“:\ZC:;t?ﬁargtl;'é“pamc'e productionpip colli-
with the theoretical prediction if3], the experimental data '

are very close to the Monte Carlo—simulated values of a
quark jet at a very small fixed coupling constant. How-
ever, it is significantly greater than the simulated values of a
gluon jet at the same coupling constant. It looks like the We are grateful to the CERN NA27 Collaboration for
results show that the dominant original parton of the QCDoffering the LEBC films. We are also grateful to the National
branching process may be a quark g collisions at lower  Natural Science Foundation of China for financial support.
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