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Introduction.

It was suggested in {11 to study the factorial moments
of multiplicity distributions in the small sells of phase
space, Factorial moment of the order i can be defined in the
different forms:
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where M is the number of sells initial interval A of some
variable (for example, rapidity ) is divided on, the size of
this sell is =AM, n, is the multiplicity in the sell k and
N is the number of particles within the interval A in the
event. Symbol < Dgy Means average over all events. The
average in expression (1a) is taken over all bins at first
and then over whole events sample (“horizontal”), and vice
versa in expression (1h) ("vertical" average). Vertical
average reflects the particles multiplicity distinctions in
the different sells. One also uses another form of
horizontal average [2]:
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One has showed in (1) that normalized factorial
moments take into account the statistical fluctuations
appearing due to finite particle multiplicity in the event
and coincide with the moments of the density distribution in
the interval 6. Normalized factorial moments of the density
distribution for the case of independent particle production
within the interval with the uriform distribution of any
variable are constant and equal to 1. In the opposite case

moments will vary with decrease of sell size 6. The effect
of "intermittency” is the increase of moments by the power
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The increase of factorial moments with decrease of the
sell size @& for rapidity(dy<i), azimuthal angle(d¢<i),
pseudorapidity was observed in a lot of different
experiments [2,3).

This article presents the results of factorial moments
investigation in pp ,Kp and pp interactions at the energy
32 GeV. Experimental data were obtained with the bubble
chamber “Mirabel” exposed with the beam of RF-separated
particles at Serpukhov accelerator. Data processing is
described in {4, 5). 240 thousands pp events, and 35
thousands pp events and 150 thousands K'p were written on
the summary data tape. Protons with momentum P<i.2 GeV-c in
the laboratory system were identified by means of track
ionization, and other charged particles were considered to
be pions. Two different samples of events were used in the
analysis. The first one is the sample of events with charged
particies multiplicities more or equal 4, for comparison
with the data obtained by TASSO- collaboration (6). 28000
pp. 158000 pp and 89000 K'p remained in this case. The other
one 1S tihe sample with excluding elastic and single
diffractive events. Two-prongs event 1s considered to be
elastic if it has not any associated VPand if the square of
the mass additional to the positive particle is smaller then
1.5 for pp and 0.7 for Kp and also the difference between
the flying angle of negative particle and the same angle
calculated with the measured momentum of the positive
particie (considering this collision to be elastic one) is
less then 0.3 (7). The events with multiplicity less or
equal 8 in which there exists positive particle with x¢-0.88
or(and) negative one with x>0.88 are considered to be
diffraclive and are also excluded from the sample. 97000 K 'p
and 175000 pp are in this sample.

Experimental results.
The dependences of the factorial moments logarithms
calculated with the expression (1a) (horisontal average) for
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the different divisions of rapidity interval -1<y<i in pp
and pp collisions on the logarithm of the sell' size &y and
comparison with the quark-gluon string Monte Carlo model
(MQOGS) [10) are shown on the figure 1(a-d). This model
describes multiplicity distributions and inclusive spectra
in pp and pp at our energies rather well. The number of
generated events is about the same as in the experiment. The
first kind of samples is used in this analysis.

Obtained by means of the expression (1a) Chorizontal
average) moments values increase with the decrease of 4y up
to the experimental resolution. The results of the
experimental data fit by means of expression (2) in the
range 6y<1 are presented with the solid lines on the
figures; the obtained slopes value f‘1 are shown in the table
1. It can be seen that results for pp and pp collisions
conformed rather well and MQGS describes slopes, although
the factorial moments values in MQGS are smaller than in the
experiment., Table 1 also showes slopes of factorial moments
in horisontal average (laJ for K'p collisions at 32 GeVrc.
One can see that slopes values for K p- data differ for
corresponding ones for pp and pp interactions. It should be
also noted that at our energies we have the empty-bin effect
{11) in the F,(6y) for the pp and morely for K p. This
effect is copnected with the limited number of particles in °
each event and with the limited number of events in the

_experiment, which cause the underestimated experimental

values of the high order factorial moments in the small
sells of phase space. In the case of pp- interactions the
number of events in the sample does not allow to calculate
the slope value even for F‘4(6y). Slopes values obtained
in  pp collisions correspond to dependency on the moment
arder [1)

f1=ai(i-1), ()

where a=0.0081:0, 0004 (Z/ND=0.8).

Factorial moments slopes obtained by means of
horizontal average in e*e” annihilation into hadrons at
v§=35 GeV [6] are shown in table 1. It can be seen that in
ete™ collisiens f‘i correspond to the expression (3) and
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their values 1.5 time greater than 1n our experiment
(a=0.012+0.00%).

We can also approximate the dependance f 4 on the order
of moments for sz— data (a=0.007+0.001) but the result is
not very well ( x*/ND & 4).

Factorial moments F; of pp and K'p interactions for the
non- single diffractive sample in the case of normalisations
(ib,¢) for the particles from the interval -1<y<! and
normalized on the value F i (6y=2) are presented on the
figure 2(a-d). One can see that F, for pp- and K'p- data are
not different practically. The third order moment in the
vertical average for pp interactions become constant when
6y<0.2 but at the same time for K pdata the increase of the
third order moment continues till experimental resolution.
This fact can also be seen from the figure 3 which shows the
slope value ficéymmJ (by approximation of the factorial
moments with formula (2)) dependance on the range of fif.
6ymm<6y(1. This dependance for the third and forth moments
orders in the averages 1b,c differ significantly for pp and
K'p collisions at 32 GeVsc. For K p- interactions
f3 4(6ymm) are constant and don’t depend on the range of
fit and for pp data f3 4(6Ypin? decrease with decreasing
6y . On this figure we can also see this dependance for
t.he horisontal average 1a. Slope values in this
normalisation f. (6ymm) both for pp and K p decrease with
increasing the range of fit, however f; for Kp at all dymm
increase faster with increasing the order of moment than for-
pp data.

The discription of moments by expression (2) for all
ranges of fit and all moment orders is rather well. za/ND<1
in K'p for all 6Ymm when one calculates l"b in the averages
1b,c and l='a 3 in the normalisation 1a and xj/ND=1:1.5 for Fy
in the normalisation 1a when 6Ym1n <0.1. As for pp, xy 2 MD=1+
2.5 for all moment orders in the horisontal averages la,¢c
for all ranges of fit and x?/ND(i for the ib in all cases.

Slope values in the case of vertical normalisation (1b)
for the particles from the interval -1<{y<1 resulted from the
approximation of eperimental data of pp and X'p interactions
for the"non single diffractive sample by the formula (2) in
the range 0.2¢6y<1 for pp and in the range 0.1<6y<1 for K'p
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are shown 1n table 2. For comparison with our experiment
data from n*p and K'p experiment at 250 GeV/c [8] and pp
experiment at ¥S=630 GeV (9] are shown in the table 2. Slope
values in pp~ collisisns at the different energies coincide
although one can note that at our ensrgies F‘1 become
constant when 6y<0.1:0.2 and at SPS energies flattening can
not be seen. In meson-nucleon interactions slope values
differ from gp ones and increase more rapidly with increase
of moments order. This distinction in the behavior of the
slope vaiue dependance .on the range of fit fi(ﬁymm) can
point out to the differeace of the intermittency mechanisms
in meson-nucleons and nucleon(antilnucleon interactions.

Dependence of the logarithm of the second order moment
value for particles with |y{<1 on the logarithm of the
azimuthal angle p in pp ,Kp and pp (first sample)
interactions is presented c¢n the figure 4. Moments decrease
in the range 6p>1 with decreasing Sp that can be explained
by the conservation of the transverse momentum. There is no
any increase of moments in the range 6p<1. MQGS predictions
agree with experimental data (n pp and pp rather well.

In pp, K'p and pp interactions at 32 GeV/c one observes
the increase of factorial moments with decreasing rapidity
interval size. There is no any increase of moments with
decreasing azimuthal angle interval size in the range dg<1.
Model of quark-gluon strings describes dependency on de in
pp~and pp well and lie below the experimental momentum
values iIn the rapidity intervals 3y, however, moments
increase with decrease of 4y is in agreement with MQJGS
predictions.

Slopes dependaiice on the range of fit for the third and
forth moment orders in the normalisations 1b,c differ
significantly for pp and K p collisions at 32 GeVsc. For
K pinteractions slope values in those averages do not depend
on the range of fit, in the case of pp collision slope
values decrease wvwith increasing the range of fit. For the
second order moment there is not any difference between K'p
and pp collisions. The moments slope values in the
horisontal average la decrease with increasing the range of
fit.
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Moments increase parameters coincide within errors 1in
Pp 1nteractions at v5=630 GeV and at our energy. In the
meson- nucleon interactions slopes increase faster with
increasing moment order than in pp interactions.

In e*e” interactions at vS§=35 GeV slopes are 1.5 times
greater than in pp collisions. Slope dependence on momsnt
order in these interactions 1s the same.
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Table 1.

Factorial moment &y-dependence slopes in rapidity
interval-1<ys1 Chorizontal) for pp, K'p and pp interactions
at 32 GeVrc and for predictions of quark- gluon string model
for pr collisions, and in rapidity interval -2¢ y <2 for
e*e” interactions at vS=35 GeV.Approximation has been made
in 6y-inerval 0.1<6y<1,

n [ MGS pp | e Kp e'e”
32GeV/c | 32GeV/c | 32GeVsc | 326eV/c |75=356eV
> |oo0i7+ |oo015: {0015 {0.011+ | 0.023¢
0.001" |o.00f |o0.003 |[o0.602 {0003
2 |00t |o0043: | 0063t |o0.057¢ | 0.080¢
; 0,004 }0.004 | 0014 | 0006 1 0.014
4 | o088 | 0080t 0.084+ | 0.134% -
0.012 1 0.010 0.014 | 0.052
Table 2.

Factorial moment Jy-dependance slopes (verticallin
rapidity interval -1<y<l for pp and K p interactions at 32
GeV/c, and in rapidity interval -2<ys2 for a'p, K'p at 250
GeV/c, pp with v8=630 GeV. Aproximation for pp 32 has been
made in the interval 0.256y<1 and for other data in the
interval 0.1%6y<1.

ERS
I op. 32 Kp32 |mTeKP , 75=630
op p Eeo rp
2 0.013¢+ | o0.008t | 0.008t | 0.012%
0. 001 0. 002 0. 001 0. 601
3 0.027t | 0.034* | 0.045: | 0.028+
0. 002 0. 005 0.002 | 0.002
4 0. 0.10* 170+ | 0.040%
. ogos 0,02 8318 ) 332
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Fig 1. Factorial moments of 2" and 3" orders in ppta,b
and pp (c,d) collisions at 32 GeV/c calculated by using
formula (1a) for particles from the interval -1<ysi. Solid
line shows the result of approximation of the experimental
data by means of formula (2). First kind of samples.
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Fig 2. Factorial moments of 2™ and 3™ orders in non-

single diffractive sample of pp an< K'p collisions at 32
GeV/c calculated by using formula (1b) fig.(a,b) and formula
{1¢) fig.(c,d} for particles from the interval -1SyZi,
(Moments rormalised on the value F1(6y=23. J.
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