-

View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by Radboud Repository

Radboud Repository Radboud University Nijmegen ;@r

S

PDF hosted at the Radboud Repository of the Radboud University
Nijmegen

The following full text is a publisher's version.

For additional information about this publication click this link.
http://hdl.handle.net/2066/26281

Please be advised that this information was generated on 2017-12-05 and may be subject to
change.


https://core.ac.uk/display/16115239?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://hdl.handle.net/2066/26281

8 August 1996

¥

PHYSICS LETTERS B

&1

ELS

IE Physics Letters B 382 (1996) 305-311 -

(4

Self-affine fractality in #"p and K™p collisions at 250 GeV/c

EHS/NA?22 Collaboration

N.M. Agababyan”, M.R. Atayan", M. Charlet?®', J. Czyzewski®?, E.A. De Wolf®?,
K. Dziunikowska®*, A.M.F. Endler®, Z.Sh. Garutchava', H.R. Gulkanyan ",
R.Sh. Hakobyan", J.K. Karamyan", D. Kisielewska ™%, W. Kittel ¢, L.S. Liu§,
S.S. Mehrabyan®, Z.V. Metrevelif, K. Olkiewicz 4, FK. Rizatdinova®, E.K. Shabalina®,
LL.N. Smirnova¢, M.D. Tabidze !, L.A. Tikhonova®, A.V. Tkabladze®, A.G. Tomaradze °,
F. Verbeure?, Y.F. Wud°, S.A. Zotkin®

Y Department of Physics, Universitaire Instelling Antwerpen, B-2610 Wilrijk, Belgium
b Institute of Physics and Nuclear Techniques of Academy of Mining and Metallurgy and Instinute of Nuclear Physics,
PL-30055 Krakow, Poland
¢ Nuclear Physics Institute, Moscow State University, RU-119899 Moscow, Russia
d High Energy Physics Institute Nijmegen (HEFIN), University of Nijmegen/NIKHEF, NL-6525 ED Nijmegen, The Netherlands
“ Centro Brasileiro de Pesquisas Fisicus, BR-22290 Rio de Janeiro, Brazil
" Institute for High Energy Physics of Thilisi State University, GE-380086 Thilisi, Georgia
B Institute of Particle Physics, Hua-Zhong Normal University, Wuhan 430070, China
N Institute of Physics, AM-375036 Yerevan, Armenia

Received 13 May 1996; revised manuscript received 6 June 1996
Editor: L. Montanet

Abstract

Taking into account the anisotropy of phase space in multiparticle production, a self-affine analysis of factorial moments
was carried out on the NA22 data for 777 p and K™p collisions at 250 GeV/c. Within the transverse plane, the Hurst
exponents measuring the anisotropy are consistent with unit value (i.e. no anisotropy). They are, however, only hall that
value when the longitudinal direction is compared to the transverse ones. Fractality, indeed, turns out to be self-affine rather
han self-similar in multiparticle production. In three-dimensional phase space, power-law scaling 1s observed to be better
realized in self-affine than in self-similar analysis.
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1. Introduction

The suggestion that normalized factorial moments
F,(6y) of particle-multiplicity distributions in ever
smaller phase-space intervals 0y, may show power-
law bchavior | 1]

F,(8y) o« (8y)~% (8y — 0) (1)

has spurred a vigorous experimental search for linear
dependence of In F, on —Inody [2]. Analogous to a
similar behavior at the onset of turbulence, such a de-
pendence is referred to as “intermittency”. Power-law
scaling is typical for fractals [3], 1.e., for self-similar
objects of non-integer dimension. The powers ¢, are
related to the anomalous dimensions d, = ¢p,/(g—1)
measuring the fractality of a system {4]. In general,
however, only approximate scaling has been observed
in the experimental data,

When comparing log-log plots for one phase-space
dimension, one notices that the Inf, saturate at small
oyv. This can be explained as a projection eftect
of a three-dimensional phenomenon [5]. In three-
dimensional analysis, however, the power law also
does not hold exactly in all data. In NA22, for exam-
ple, the 3D data are seen to even bend upward [6].

A deviation from exact scaling can be expected {rom
an anisotropy of occupied phase-space. To account for
such an anisotropy, Wu and Liu have suggested [7]
that the scaling property should be different in longitu-
dinal and transverse directions and the local multiplic-
ity fluctuations are self-affine rather than self-similar.
If that is the case, the anomalous scaling of factorial
moments can be observed to be retained exactly, only
under a self-affine analysis, where the shrinking ra-
tio is allowed to be different in different directions. In
a self-similar analysis, in contrast, all directions are
forced to have an identical shrinking ratio. It should be
remembered, however, that the scaling law 1s expected
to be distorted in full phase space due to correlations
imposed by momentum conservation.

The experimental data sample is described in Sec-
tion 2. The method of self-affine analysis is briefly
summarized in Section 3. The results of the sell-
similar analysis are shown 1n Section 4. After reduc-
ing the influence of momentum conservation in the
[ull region, so-called Hurst exponents are obtained by
fitting one-dimensional factorial moments as shown
in Section 5. In Section 6, the results from the self-

affine analysis compared to those from the self-similar
analysis are given. Conclusions are summarized in

Section 7.

2. The data sample

In the CERN experiment NA22, the European
Hybrid Spectrometer (EHS) was equipped with the
Rapid Cycling Bubble Chamber (RCBC) as an active
target and exposed to a 250 GeV/c tagged, positive,
meson enriched beam. In data taking, a minimum
bias interaction trigger was used. The details of spec-
trometer and trigger can be found in [8,9].

Charged particle tracks are reconstructed from hits
in the wire- and drift-chambers of the two-lever-
arm magnetic spectrometer and from measurements
in the bubble chamber. The momentum resolution
varies from 1-2% for tracks reconstructed in RCBC,
to 1-2.5% for tracks reconstructed in the first lever
arm and 1s 1.5% for tracks reconstructed tn the full
spectrometer.

Events are accepted for the analysis when the
measured and reconstructed charge multiplicity are
the same, charge balance is satisfied, no electron is
detected among the secondary tracks and the num-
ber of badly reconstructed (and therefore rejected)
tracks is 0. The loss of events during measurement
and reconstruction i1s corrected for by applying a
multiplicity-dependent event weight normalized to
the topological cross sections given in [9]. Elastic
events are excluded. Furthermore, an event is called
single-diftractive and excluded from the sample if
the total charge mulitiplicity is smaller than 8 and
at least one of the positive tracks has a Feynman
variable |xg| > 0.88. After these cuts, the inelastic,
non-single-diffractive sample consists of 59200 7+p
and K™p events.

For laboratory-momenta ppap < 0.7 GeV/c, the
range in the bubble chamber and/or the change of
track curvature 1s used for proton identification. In
addition, a visual ionization scan is used for ppap <
1.2 GeV/c on the full K*p and on 62% of the 7*p
sample. Positive particles with ppag > 150 GeV/c are
given the identity of the beam particle. Other particles
with momenta prag > 1.2 GeV/c are not identified
In the present analysis and are treated as pions.

In spite of the electron rejection mentioned above,
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residual Dalitz decay and vy conversion near the vertex
still contribute to the two-particle correlations. Their

influence on our results has been investigated in detail
in [ [0].

3. The method

In the language of self-affine analysis in three-
dimensional phase space (here denoted as p,, pp, pc),
only under the self-affine transformation 6p, —
5})‘,/&(,, 5;)1) —> 5p;,/)t/,, 5])(; — 5pc/)ic with non-
identical shrinking ratios A,, A, and A, are the
factorial moments expected to have the well-delined
scaling property

éj”} {f)(b} (z)‘[t’l
Fq(apas 5Pb, 5PC) = A" A;,q A’

X Fq (Aubpy, ApOPp, AcOP:). (2)

The shrinking ratios A,, Ay, A, are characterized by the
so-called roughness or Hurst exponents {11 ]

InA;
H;; = nA (i,j=a,bora,corb,c), (3)
| ln/\,,'
with
Ar <A, 0 Hy £, (4)

describing the anisotropy of the system under study.
For H;; = 0, A; = |, the scaling property does not
exist in direction i, only in direction j. For H;; = 1,
the self-affine transformation reduces to a self-similar
one, meaning that the system is isotropic in these two
directions, For 0 < H;; < 1, non-trivial self-affine
fractality exists in the (i, j) plane, i.e., the fluctuation
IS anisotropic in that plane.

The Hurst exponents can be deduced {rom the
data by fitting three one-dimensional second-order
[actorial-moment saturation curves [ 5]

Fy9 (M) =a; = BiM7"  (i=a,b,c) (5)

{
where M; = Ap;/6p; is the number of sub-divisions
in direction I, Ap; and 6p; are the initial and final
interval size in direction £, respectively, and «;, B; and
v; are three fit parameters. The Hurst exponents are
determined {rom the parameter y; as

- (i,j=a,bora,corb,c). (6)
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Fig. 1. Self-similar analysis of Fy in the set of variables (v, p, ¢)
in one, two, and three dimensions, as indicated.

With these Hurst exponents, a self-affine analysts can
be executed according to (2). If self-affine fluctuations
of multiplicity do exist in multiparticle production,
exact scaling should be observed in three-dimensional
phase space.,

A scaling function similar to (2) for two variables
has also been suggested by Wosiek [ 12] as a require-
ment for hyperscaling from a formal analogy with sta-
tistical physics.

4, Self-similar analysis

The results of a self-similar analysis in 1-, 2- and 3-
dimensional phase space are presented in Fig. 1. The
initial intervals for the three phase-space variables, ra-
pidity y, azimuthal angle ¢ and transverse momentum
i, are defined as

2<y<?2, 0<op<L2n
0.001 < p, < 10 GeV/e.
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To avoid trivial effects due to lack of translational In-
variance, all variables are transformed to the corre-
sponding cumulative variables by the Ochs method
[ 13]. The experimental resolution in y, ¢ and p, has
been studied in detail in [ 10]. The limited available
statistics, rather than the experimental resolution, sets
the limit on the smallest bin size to be used in the
analysis.

In one-dimensional projection, the partitioning M =
1,2,...,40 is used for all three variables. In two-
dimensional projection, the partitioning in each direc-
tion is M = 1,2,...,20, so that for the area 1t is
M, = 12,22, ...,20% In the threce-dimensional case,
M=1,2,...,15 is used for each direction, so that
My =13 23 ...,15% for a three-dimensional box.

In the I-D analysis (first column of Fig. |), F> sat-
urates at three different values when using y, p¢ and
o, respectively. In the case of y, F, increases rapidly
with increasing In M at small M and reaches a satura-
tion value which is the highest of the three. The trend
is followed for the case of py, but at lower values of /.
When using ¢, on the other hand, F> increases with
increasing In M only above an initial decrease.

From the 2-D analysis (second column of Fig. 1)
in the (y, n) plane, we observe an onset for a satura-
tion at medium In M, tollowed by an upward bending
at large In M. An upward bending is observed in the
(v, @) plane. In the (p, ¢) plane, a decrease at low
InM is followed by an upward bending.

In the 3-D analysis, In F,, is bending upward for all
orders of g.

S. Hurst exponents for higher-dimensional phase
space

Momentum conservation by itself causes a correla-
tion and can, thercfore, distort the scaling behavior ex-
pected trom the dynamics of particle production [ 14].
The influence of momentum conservation on the fac-
torial moments is expected to be different in the vari-
ous variables. The variable p, contains only the abso-
lute value of momentum in the transverse plane with-
out any information on the direction. The influence of
momentum conservation, therefore, is small for this
case. For rapidity y, the influence of leading particles
is reduced by the y-cut given above. Therefore, the
influence of momentum conservation in y is not sig-
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Fig. 2. Saturation curves for % in the three one-dimensional
variables indicated. The curves are fits by (5) aftcr omission of
the first point (first 3 points in the case of F(¢)).

nificant, For the variable ¢, however, all directions in
the transverse plane are included for M = 1, so that F>
ts dominated by transverse momentum compensation,
which explains the decrease of F7(¢@) with increasing
in M at low In M as shown in Fig. 1.

After reducing the influence of momentum conser-
vation by excluding low values of M, it is easy to ob-
tain the Hurst exponents from the data by means of
(5) and (6). The fit results obtained according to (5)
are shown 1n Fig. 2 for all phase-space variables con-
sidered. The parameter values are given in Table 1.
Accordingly, the Hurst exponents deduced from (6)

Table |
The parameter values obtained from a fit by (5)

St e oy

Vari- o B ¥ Omitting
ables point(s)
v .336 - 0.005 0.2184£0.042 1.1404-0.245 |

o] 1,534 £ 0.021 0.3400.021 0.021 +0.006 |

@ 1.497+0.019 04204£0.019 0.014 4 0.005 -3

Wi
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are:;
1.021
H,, = ERTES 0.48 £ 0.06;
1.0139
1.014
ho = = 0.99 1 0.01.
Hp o 010 0.9910.0

From these Hurst exponents, we, indeed, observe
anisotropy (H,; ~ 0.5) between longitudinal and
transverse directions of multiparticle production,
while there is an isotropy in the transverse plane
(H;; ~ 1 for i and j both in the (ransverse plane).
This result means that fractality in multiparticle pro-
duction is self-affine rather than self-similar.

In order to show the independence of this conclusion
of the particular set of variables being used, the same
analysis has also been done with the set (y, py, Prz)
instead of (y, py, ¢). The corresponding results for the
Hurst exponents are:

1.0121
H)»ply — 2.14 r— 0.47 1= 006;
1.0041
H,, = , =0.47 £+ 0.06;
Y 2.14 7
1.0041
H, ., = = (.99 £ 0.01.
PP 1.0121

They show that the rule H,; ~ 0.5, H;; & 1 for { and
J denoting variables in the transverse plane also holds
for the variable set (y, piy, pz)-

6. Self-affine analysis

With the Hurst exponents obtained above, we can
perform a self-affine analysis in three- and two-
dimensional phase space. For convenience, we ap-
proximate the Hurst exponent for (y, p;) and (y, ¢)
by

]

Hyj = >

but use

(.} = pts 40)*

Hyp=1.

From (3), it follows that Ay, = A, = A3. For p
and ¢, we use a partitioning M, = [,2,3,...,10

0.8
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-

Fig. 3. Comparison of the three-dimensional self-affine and
self-similar analyses.

and M, =M, =1,4,9,...,100 1n two-dimensional
analysis, but M, = 1,2,3,...,7and M, = M, =
1,4,9,...,49 in three-dimensional analysis. The re-
sults of the three-dimensional self-affine analysis on
I, are given by solid circles in Fig. 3. Those of the cor-
responding self-similar analysis are repeated by open
circles, for comparison. In order to show the quality
of the scaling law, linear fits

InF,=A+ ¢,InM, (7)

are compared to the data in Fig. 3. The fit results are
given in Table 2. To reduce the influence of momentum
conservation, the first point is not used in the fits.
Contributionsto y* as shown in the top part of Table
2 are only from the diagonal terms of the covariance
matrix. In fact, the diagonal terms provide the main

Table 2
The parameter values oblained from a fit by (7)

—— ™ " Ap—p—

Method A D)

-y ™ il

¥*/NDF

v

Without bin-size correlation
weighted self-affine  —0.04 £ 0.03 0.324+0.03 7/4
weighted self-similar  0.11 £ 0.01 0.124+0.01 9/4
Without bin-size correlation
unweighted self-affine —0.08 0.02 0.33 = 0.03 12/4
unweighted self-similar 0.09 £ 0.01 0.104 0.01 20/4
With bin-size correlation
unweighted seif-affine —0.08 & 0.02 0.34 4 0.02 14/4
unweighted self-similar 0.10 £ 0,01 0.10+0.01 32/4

-~ — — iRl
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. (a) | (b)
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Fig. 4. Comparison of the two-dimensional projections of self-affine and sclf-similar analyses.
contribution, and the relative size of y* for self-similar 7. Conclusions
and self-affine analyses should not change dramati-
cally by adding the contribution {rom non-diagonal In this paper we present a sel{-affine analysis of fac-
terms that account for the correlation between points at torial moments in three-, as well as in two-dimensional
different bin size. As is shown by comparing the resulls phase space, on the NA22 data for 77 p and K™ p col-
from fits to the unweighted sample, with and without lisions at 250 GeV/c¢. The results are compared with
considering the non-diagonal terms (two lower parts those from a corresponding self-similar analysis.
of Table 2), the fit results are retained better for the From fitting the factorital moments of the one-
self-affine than for the self-similar analysis. A sim- dimensional projections by the Ochs saturation for-
ilar conclusion can be drawn from an inspection of mula (5), the Hurst exponents H;; are derived for
Fig. 3, itself. While the self-similar analysis leads to all combinations of phase-space variables used. The
an upward bending, this effect is absent in the selt- value of H;; for a combination of rapidity y with a
affine analysis. Of course, higher statistics data would transverse direction 1s approximately equal to 0.5.
be needed to definitively prove this point. We conclude, therefore, that fractality in multiparticle
Even though the errors in the self-affine analysis production is self-affine, rather than self-similar. In
are large, the results shown in Fig. 3 support the ex- he transverse plane, H;; stays approximately equal
pectation [ 7] that a 3-dimensional self-affine analysis to 1.0 and, therefore, shows merely selt-similar fluc-
would lead to the full increase of In F, with increas- tuation within that particular plane. Such a behavior
ing In M right from the beginning. On the other hand, can be understood from the privileged role of the
in a self-similar analysis, the full increase would only longitudinal axis in multihadron production and the
be reached for large M, so that an upward bending symmetry within the plane transverse to this direction.
would be observed. This upward bending 1s indeed This important point has been neglected in fluctuation
present for the self-similar analysis. If future experi- analysis of multiparticle final states, so far.
ments can confirm the linear increase of the self-affinc Furthermore, the three-dimensional self-affine anal-
results with improved statistics, this would mean that ysis shows a better scaling behavior than does the cor-
the scaling law (1) is better observed in self-atfine responding self-similar analysis. The two-dimensional
analysis than in self-similar analysis. self-affine projections with H;; = 0.5, i.e., (y, p;) and
The two-dimensional seif-affine projections are pre- (v, ) turn out to show a behavior more similar to
sented in Fig. 4. It can be seen that In F, increases each other than in the corresponding self-similar pro-
smoothly with increasing In M, and the trends are sim- jections,
tlar for (y, p.) and (y, ¢) (neglecting the first point in It would be interesting to see how the value of Hj;

al

(v, ¢)), meaning that in a self-affine analysis, the in- changes with the type of collision and with incident
fluence of artificial projection effects is reduced with energy.
respect to that observed in self-similar analysis.
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