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Table 1

Values of 7, 7y, and D;y“ obtained from G, moments and D, obtained
from F , moments.

Physics

q T, T:,[ quyn Du

2 0.82940.006 0.8678+0.0006 0.961+0.006 0.975+0.002
3 1.615+0.011 1.7154+0.0012 0.950+0.006 0.964+0.002
4 2.459+0.021 2.5602+0.0026 0.966+0.007 0.953+0.004
5 3.187+0.028 3.4004 +0.0051 0.947+0.010 0.940+£0.010

deviations of ' from g—1 are rather large. Because M is not large enough and the width of
multiplicity distribution is wider than the Poisson distribution, it may lead to long-range correlations.
Therefore, formulas (6) and (7) are only valid approximately.

When g = 1, the information dimension D, is obtained by calculating the variations of the
entropy versus An according to Egs. (4) and (5). Fig. 3 shows the variations of the entropy versus
—In(8n). The calculated results of <S> .. versus —In(dn) using a Monte Carlo events sample are also
shown in Fig. 3. It can be seen from Fig. 3 that the variations of <S> versus —In(dn) are not linear.
Therefore, it is difficult to determine D, from the slope. This is caused by the finite values of
multiplicity. Figure 4 shows the variations of <S§>/<S§> ., versus —In(én). The ratio increases
slowly with decreasing &7. These results are similar to the results of hadron-nuclear collisions obtained
by K. Sengupta et al. (KLM Collaboration) [16].

It should be noted that dependence of G, on M as given by Eqs. (1) and (2) is only valid when
n;— oo, However, n; is a finite value even for high-energy nucleus-nucleus collisions. Because a finite
multiplicity per event appears in the corresponding denominator, the G, cannot take its mathematical
limit. To overcome this difficulty, Fujio Takagi [21] proposed a new method. In analogy to G, he
defined a new quantity:
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The variations of <S> and <S§>_..

versus —In(én).
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The variations of normalized entropy

<8§>/<8> .. versus —In(dn).
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Here KX is the total number of charged particles produced in pseudorapidity window A for all events.
It can be made large enough by increasing the number of events. Other symbols in Eq. (8) are the
same as mentioned previously. For self-similar processes, we have

T,(6n)=4,+B,In (6n), )

and the relationship between the coefficient B, and the generalized dimension is as follows:

B,
=] (10)
When N,, is large enough, we have
VZV i P oS> (1D
i=lm=1 K Kq_|<n"'">

Where the sign < > means averaging over all bins and X = M-N,, <n,,>. According to Egs. (8-11),
one can get the following formula: i

In <nf, >=A4,+[(g—1)D,+ 1] In (5n). (12)

The expérimental results for In<n> as a function of In(én) are shown in Fig. 5. It can be seen
from Fig. 5 that the data points lie fairly well on a straight line for a given ¢ value. From linear fitting
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The variations of In<n2> versus In(dn).
The dark symbols represent the experimental data; the open symbols
represent the Monte Carlo events sample.
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to the experimental data, we obtained the D, values as follows:

D,=0.622%0.005, D,=0.615x0.008,
D,=0.606%0.012, D;=0.597%+0.017.

They are significantly smaller than those obtained from the G, and F, moments. The reason for
this may be that the method as mentioned previously did not separate the fluctuations into statistical
and nonstatistical ones. For this reason, the variations of In<n?> versus In(én) were calculated using
Monte Carlo events. The results are also shown in Fig. 5. It can be seen from Fig. 5 that the values

of In<ng> for Monte Carlo events are smaller than experimental data, but they have similar slopes,
namely, the trivial generalized dimensions D, obtained from Monte Carlo events are as tollows:

Dé# 0.6313£0.0005, D,=0.6253%£0.0008,
D,=0.6173£0.0012, D;=0.6118£0.0018.

Comparing these values with the experimental results, the differences are very small. Similar
results are also obtained in a plot of In<n;> versus In<n,,>, which has been done according to the

im m

method mentioned in Ref. [21]. It may be necessary to separate the dynamical effects from the
statistical background in order to obtain meaningful results by using the preceding method.

4. SUMMARY AND DISCUSSION

The fractal behavior of multiparticle production in pp collisions at 400 GeV/c is analyzed using
the modified multifractal moment. The generalized dimensions D,”" are calculated. Compared with the

q
results obtained by the method of scaled factorial moments, the difference is not large; both are smaller
than 1 and decrease with increasing order g, indicating the possible existence of multifractal behavior
in the multiplicity production. However, because the methods mentioned previously include some
approximation, we cannot reach a satisfactory conclusion. We made a test for the method proposed
by Fujio Takagi and discovered that although the linear relations between In<n?> and In(én) are
existent, we cannot obtain the generalized dimensions D, from the slopes of the lines, because we have
to resolve the problem of how to separate the dynamical effects from the statistical background, which

cannot be obtained by increasing the number of events.
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