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Characteristics of Compound Multiplicity in Mg with Emulsion at 4.5 A GeV/c
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Abstract: Problem statement: The interactions of*Mg at 4.5A GeV/c with an emulsion can reveal
some compound multiplicity characteristiégpproach: Furthermore, the number of grey and shower
particles taken together a termed the compoundipficity. Results: The results revealed that the
compound multiplicity distributions become widerthvincreasing the size of the struck nucleus and
the value of the <& increases with increasing mass of the projeatilé target. Moreover, the average
compound multiplicity is found to vary linearly \wishower, grey, black and heavily ionized particles
On the other hand, the mean multiplicities of showeey, black and heavily ionized particles inaea
with an increase in the number of compound muttipli Meanwhile, the dependence of shower, grey
and black particles emitted in the forward and baokli hemispheres on the number of compound
particles emitted in the forward and backward hetméses is also investigatedonclusion: Finally,

the n distributions obey the KNO scaling (i.e., the nplitity distribution has a universal behavior
when it is rescaled to thens>.

Key words: Compound multiplicity, forward and backward henhispes

INTRODUCTION production of particles, in the backward directiorhigh
energy hadrons-nucleus and nucleus-nucleus coliisio
In recent years most of the experiments on highEl-Nadi et al., 2001) became a subject of considerable
energy hadrons-nucleus and nucleus-nucleus calfisio interest. This interest may be attributed to thet the
have been carried out to investigate the charatiesi backward emission of particles, produced in higbrgn
of shower particles. The study of characteristicgrey  hadrons-nucleon collisions is restricted due tekhiatics
particles produced in such collisions has alsoeiased such emission of particles allows the possibilitf o
recently (Andersoet al., 1978; Stenland and Otterland, considering some of the theoretical cluster models.
1982; Jainet al., 1991; EL-Nadiet al., 1995). As
already explained the grey particles are emittaxtsh MATERIALSAND METHODS
after the passage of the leading hadrons. Thereioee
may expect that it is worthy to use the compoundExperiment details. A stack of nikfi-BR-2 nuclear
multiplicity of grey and shower particles. Let usfide  emulsion was exposed to 4.5 A GeV¥fdg beam at
the variable pwhich equal the sum of@and , i.e., n  Dubna Synchrophastron. The stacks have dimensions
(= netng) was introduced by the authors (Ghashal.,  of 20x10x0.06 cri. The intensity of irradiation was
2009) in the case of hadrons-nucleus interactions a 10* particle cm®. Each of the stacks particle was
then some interesting characteristics of compoungcanned by the along the track method, in the fast
particles produced in hadrons-nucleus and nucleugoerward direction and slow in the backward diregtio
nucleus collisions were investigated by severah@st The scanned beam tracks were further, examined by
(Ghash et al., 1987; Basovaet al., 1978; Nasr and measurings-ray density on each of them to exclude the
Khushnood, 1994; Khaet al., 1997; Abdelsalarat al.,  tracks having charge less than the beam particegeh
2002; Ahmed and Irfan, 1991). The production ofAlong the track scanning was performed to seleet th
particles emitted in the backward hemispheres & thdata samples, consisting of 2300 ineladfidg with
laboratory system, was extensively studied in hagho emulation interactions. In the measured events, the
nucleus collisions at high energies. The targefeusc  secondary particles are classified as follows:
being an extended object gives a unique opportdoity
studying the space time development of the mutidar «  Shower particles (s-particles) having I*(= )/l
production process. It has been shown that the <1.4(tracks of such type with an emission angle of
internuclear cascade plays a significant role the 0<3° were further subjected to rigorous multiple
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scattering measurement for momentum Furthermore, to study the dependence of the
determination and consequently, for separating théehavior of the compound multiplicity distributions
produced pions and singly charged projectilethe projectile mass at the same incident momeniuem,
fragments (protons, deuterons, tritons) have plotted the compound multiplicity distributsom
Grey particles (g-particles) relative ionizatio Fig- 2 for the “Mg, ~Si and S with emulsion
I* (= I/l 9> 1.4 and L>3 mm which correspond to intéractions at 4.5 A GeV/c. It can be seen that th
a proton kinetic energy of 26-400 MeV, where | is distributions become wider and the peak of the
the particle track ionization ang ik the ionization distributions shifts toward higher values of with
of shower track in the narrow forward cone of an'ncréasing projectile mass, which fqrther confirthe
opening angle oi<3° results of (Kharet al., 1995; 1997). Figure 3 §hpws the
. . . dependence of the average compound multiplicity<n
Black pqrtlcle (p—partlcle) having a range L<3_ MM 51 the mass number of the beam nucleygs IAmay
in emulsion which corresponds to a proton kinetiche opserved from the Fig. 3 thatzrincrease rapidly
energy of <26 MeV, (the g and b particle are calledyjth increasing mass of the beam. The points age th
heavy ionizing particle tracks (h) experimental data while the continuous line is the
result of fitting by the relation <p = K A%. The
RESULTSAND DISCUSSION result of fitting gave that k = 4.40+0.43 and =
0.44+0.03. This result agreement with the results i

Compound multiplicity: Figure 1 presents the reportedin Ref. (Khaetal., 1997).

compound multiplicity distributions for 4.5 A GeV/m
case Mg with emulsion interactions for different
ensembles of ;n It can be seen that the multiplicity
distributions become wider with increasing targees
The average value of the compound multiplicity>sn
its dispersion D ( = V<n>-< n>? and the ratio
<n>/D (n,) are presented in Table 1.
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1: Compound multiplicity distributions for
different groups of pin **My with emulsion
collisions at 4.5 A GeV/c

dispersion D (§ and the ratio <@/D(ng) in My with 0 ‘ . .

emulsion interactions at 4.5 A GeV/c 0 10 20 30
Target <p> D(no) <n>/D(ng) A
H 4.23+0.17 3.40£0.26 1.650.16 .
CNO 10.00+0.24 6.65+0.16 1s0:008  19-3 Depen_(ljer_lce Ofl & onl the m”"?‘S_S of thfS
Emulsion  19.00+0.34 16.00+0.34 1.1640.70 projectile in nucleus-nucleus collisions at 4.
AgBr 29.72+0.47 15.89+0.18 1.80+0.50 A GeVl/c
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Table 2: A compilation of the compound multiplicifgr different Table 3:Values of inclination coefficients for cpound multiplicity

projectile induced emulsion reactions at 4.5 A GeV/ correlation in nucleus emulsion interactions atA GeV/c
Projectile  <p> D(ny) Reference Projectile n <n> Reference
H 4.44+0.66 Aabddkimtu (1981) H Ny 0.32+0.04 Ghaskt al. (1989)
H 5.42+0.09 Basovet al. (1978) zc 2.49+0.10 Khaet al. (1997)
“He 8.60+0.22 Kharet al. (1997) %0 1.73+0.05 Cai and Zang (2006)
2c 12.08+0.24 7.50+0.24 Ghastrel. (1989) Mg 1.51+0.05 Present study
%0 14.87+0.30 13.72+0.23 Cai and Zang (2006) *2C ny 1.51+0.07 Kharet al. (1997)
Mg 19.00+0.34 16.00+0.24 Present study %0 2.19+0.03 Cai and Zang (2006)
% 18.64+0.54 16.71+0.28 Present study Mg 1.43+0.04 Present study
%25 18.91+1.33 16.65+0.33 Present study H " 0.32+0.03 Ghas# al. (1989)
c 0.94+0.04 Khaet al. (1997)
%0 1.05+0.02 Cai and Zang (2006)
M 1.16x0.03 Present study
zc n 1.70+0.07 Kharet al. (1997)
%0 1.45+0.10 Cai and Zang (2006)
Mg 1.43+0.05 Present study

—— T
0 10 20 30 40 30 60

nj{i=htb, g s og
Fig. 4: Dependence of €a on n, n, n, and i for ~ Fig. 5: Dependence of sA <n>, <n> and <p>on n
Mg with emulsion at 4.5 A GeVic for M4 with emulsion at 4.5 A GeV/c
The study of the compound multiplicity correlation Figure 5 present the dependence of the average

high energy heavy ion collisions has been carrigidio  particles <, <n>, <n,> and <p> on the number
some experiment (Ghaﬂ] al., 1987; 1989; K_ham al., of compound particles.nWe find that < g, <n>,
1997), but it was limited to a few projectiles. 8® .~ and <p> increase linearly with ¢ The

d_etailed results from different projectiles are dex _In. __experimental points are fitting by the above refatnd
Fig. 4 we present the average compound multlpI|C|ty,[he relations representing these fits are:

<n.> versus shower, grey, and black and heavy ion
particles g ny, n, and, i for *Mg with emulsion at 4.5

A GeV/c. It can be seen that gnincrease linearly with
increasing g n, n, and, R. The experimental point are
fitted by the relation <g» = a+bn, where i indicate to s,

g, b and h respectively. The best fit parametex Isied

in Table 3 for comparison the corresponding results ) )
from the'H. 2C and®0O with emulsion interactions at Forward-backward correlations in nucleus-nucleus

the same energy are also listed in the Table 35 It coIIisions:_ The correlations betwe_en the multiplicities
observed that the value of the inclination coedfits in ~ Of the difference types of particles emitted in the
the case of then, and p correlation are almost of the forward particles and backward particles are onthef
same order for heavy ion proton -nucleus collisikn. Most sensitive sources of information about the
can be seen from Table 3 that the inclinationmechanism of particles production in both forwand a

coefficients for the dependence ofi> on y and R~ backward hemisphere. It has been mentioned in Ref.
increases with increasing projectile mass, buttfer ~ (Abdelsalamet al., 2002; EL-Nadiet al., 1994; 1996;
dependence ofn> on ns, the inclination coefficients 1998a; 1998b) that the numbers of shower and grey
decreases with increasing projectile mass, whichbea particles emitted in the backward hemisphere are
explained by the impact geometry. mainly dependent on the projectile size. Therefitris,
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<n> = (5.21+1.10)+(0.27+0.03)n
<ng> = (-2.92+0.69)+(0.55+0.02)n
<ny> = (0.7921.08)+(0.32+0.03)n
<ny> = (0.1520.67)+(0.7020.02)n
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also reliable to use the sum of the numbers of show In Fig. 8 and 9 shows the dependence of the
and grey particles emitted per event in the bac#waraverage multiplicities of shower, grey, black paes
hemisphere (compound particles emitted in backwareémitted in the forward and backward hemispherehen t
hemisphere), f, as a sensitive experimental parametemumbs of forward compound particlés n
for the production mechanism. A linear correlation is observed and the linear
In Fig. 6 and 7 we present the averagefitting parameters are presented in Table 4. Ibals
multiplicities of shower, grey and black particles should be pointed out that the value ofyx=rincreases
emitted in the forward and backward hemisphere as with the increasing of ‘nup to 40 and then becomes
function of the number of compound particles pratlic constant, because of limit target.
in the backward hemispherebc.n Found that, the S o
average multiplicity of shower, grey and black et M uIt_|p_I|<_:|ty charact_enstlcs The average values_ of the
emitted in the forward and backward hemisphergnultiplicity of the different charged secondary fzes
increases with the number of compound particleem'tte,d from the interactions of heavy I.OI’IS.WIthE th
produced in the backward hemisphere. The experimerfimulsion ata few GeVic per nucleon are giverabld S.

of points is also fitted by a linear relation ahée fitting 40+
parameters are presented in Table 4.
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Table 4:The fitting parameters for the dependeocéhe average
multiplicities of shower, grey and black particlmitted in
the forward and backward hemisphere on the number o
compound particles produced in the forward and Wwacd
hemisphere. FroffM,with emulsion at 4.5 A GeV/c

104

Correlations Stop Intercept

<n >’ 0.55£0.03 -0.88+0.33

<n > 4.55£0.03 0.880.33

<np>-n’; 0.11+0.07 1.67+0.69

<rPs>-rP, 0.50+0.28 7.39+2.76

<nPy>-r, 0.73+0.10 4.21+1.04

<n’>-n"c 0.13+0.10 2.29+0.92

<ni>-n; 0.03+0.01 0.40£0.25

<nfp>-nle 0.13+0.01 -0.52+0.23

<nf>-n', 0.07+0.01 0.71+0.24

<o, 0.40+0.03 1.90+1.04

f .
<n’e>-nc 0.56+0.03 -243t1.02  Fig. 8: The depend &fn’s>, <n’> and<n’> on rl; for
b f . .
<Me>-N 0.83:0.01 1.030.30 M, with emulsion at 4.5 A GeV/c
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Table 5: Experimental values of the average mititpgs of the different projectiles

Projectiles <> <ng> <n,> Reference
H 1.6+0.2 2.840.1 3.840.1 Aabddkimtu (1981)
H 2.5:0.1 3.9+0.1 4.620.2 Bogdanetzal. (1983)
*H, 3.8+0.1 4.4+0.2 4.3+0.3 Admovigtal. (1977)
c 77.020.2 6.120.3 4.4+0.2 EL-Naghy and Toneev (198
%0 10.5+0.6 7.610.6 4.9+0.3 Antonchekal. (1984)
2N, 10.5+0.1 6.320.4 4.2+0.3 Andreegtal. (1987)
Mg 09.6+0.2 8.1+0.2 6.740.1 Present study
g 11.9+0.5 7.320.3 5.240.2 Present study
° 10+
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Fig. 9: The depend ofr; >, <n'g> and<n'y>on i, for Fig. 10: Multiplicity distributions (a) of shower
2401 with emulsion at 4.5 A GeV/c particles; (b) of grey particles and (c) of black
¢ particles emitted from 4.5 A GeV/é°S and

. _ o M with emulsion
It can be seen that gnincrease with the projectile

mass number while gh shows a tendency to increase ol l i
with the projectiles mass number. 3 o

This result is agreement with that previously °35;
obtained (EI-Naghyet al., 1982) in which it has been 5
found that the ratio between ggmand the number of the 154
projectiles nucleons participating directly in the
interaction is approximately equal to the average
multiplicity for the harden nucleon interaction. 3
Moreover, <g> has been found to be measure of the to Y
number of interanuclear collisions (Andersen al., ) {‘\
1978; Hegab and Hufner, 1981). The value of><is i 2\,\ {E
almost independent of the projectile mass numb#éren T \} {
given energy range which shows that the excitatafns | oo
the target nucleus together with the subsequent ll "‘-\_\
evaporation of the particles and the fragments seem "‘;\! i SR 2]
be independent of the first stage of the collision. 118 S —

Figure 10 shows the-distributions for thé*M, with 0 ' e B = a
emulsion interactions at 4.5 A GeV/c. It can bensee S

that the gdistributions change with mass number of Fig. 11: Dependence of (NJMN,) <n> on n/ <n> for

[N (g N <ng

the projectiles. For further investigation, the- n 4.5 A GeVic,”®s and*M,, interactions with
distributions have been plotted according to theCKN emulsion. The curve is the result of fitting of
scaling (Kobeet al., 1972). experiment data by the KNO scaling formula
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Figure 11 shows the relation between N[h)
<ns> and r/<ngs>.The experimental values obey the
KNO scaling and may be fitted by the formula:

¥ (Z) = (2.52Z+3.092-0.92°+1.047) e*%%2

where, Z = g<ns>. In the present study we use the
following formula two times:

¥ (Z) = (al+a2#-a32+adZ) e**

Where the fit parameters are given by:

al =3.2005

a2=0.67782
a3 =-0.10856
a4 = 0.00034
a5=0.91931

In case of "M (the triangles and solid curve), while:
al = 3.03668,

a2 = 0.05573,
a3 =-0.01045,
a4 = 0.00034

a5 =0.6208

In case of®S (the triangles and solid curve).
CONCLUSION
From the present study, it may concluded that:

The compound multiplicity distribution depends
strongly not only on the impact parameter> but
also on the projectile mass

Generally, the average multiplicities of shower,

grey, beak and heavy particles increases linearly

with the number of compound particles, but for
<n,> and the average a saturation gt=n50 is

observed and the average compound multiplicity
also increases with the increasing of shower, grey,

black and heavily charged particles

black particles emitted in the forward and
backward hemispheres depend linearly on th

size a saturation in the correlation
<n',>and 1. is also observed

The n-distribution change with the projectiles
mass number while the,mnd n distributions are
independent of the projectile mass number

The n distributions obey the KNO scaling (i.e., the
multiplicity distribution has a universal behavior
when it is rescaled to thens>

b> on ﬁ)Ci
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The average multiplicities of shower, grey and

EL-

compound particles produced in the backward
hemispheres, but because of the limitation of targe

REFERENCES

Basova, E.S., G.M. Gernov, K.G.Gulamov,
U.G. Gulyamov and B.G. Rakhimbaev, 1978. A
study of inelastic interactions of deuterons and
alphas in an emulsion at ~3.6 GeV/nucleon. Z.
Phys., A 287: 393-405. DOI: 10.1007/BF0148/722

Bogdanov, V.G., N.A. Perfilov, V.A. Plyushchev and
Z.l. Soloveva, 1983. On mechanism of complete
destruction of Ag Br nuclei by relativistic light
nuclei. Yad. Fiz., 38: 1493-1504.

Cai, R.M. and D.H. Zang, 2006. Nuclear frag. of 8.7
GeV *o-emulsion Int. Chinese. J. Phys., 44.

Ei-Naghy, A., 1982. Central Heavy-ion collisionsthwi
emulsion at 4.5GeV/c per incident nucleaon.
Nuovo Cimento, 71: 245-260. DOl:
10.1007/BF02816732

EL-Nadi, M., M.M. Sherif, A. Hussien, A.A. Fakeha
and V. Uzhinskii, 1995. On slow-particle
production in  200A GeV 'O-Emulsion
interactions. Nuovo Cimento, A 108: 87-96. DOI:
10.1007/BF02814859

El-Nadi, M., A. Abdelsalam, M.S. EI-Nagdy, E.A.
Shaat and N. Ali Mosset al., 2001. Forward-
backward particle characteristics in the interattio
of *He and’He with emulsion nuclei at 3.7 A
GeV/c. Proceedings of the 27th International
Cosmic Ray Conference, Aug. 07-15, Hamburg,
Germany, pp: 1366.
http://adsabs.harvard.edu/abs/2001ICRC....4.1366E

EL-Nadi, M., A. Abdelsalam, N. Ali-Mossa, Z. Abou-

Moussa and S. Kamet al., 1998a. Backward slow

protons production in the inelastic interactions of

eLi and -Li nuclei with emulsion at Dubna energy.

Eur. Phys. J. Hardrons Nuclei, 3:183-195. DOI:

10.1007/S100500050165

EL-Nadi, M., A. Abdelsalam, N. Ali-Mossa, Z. Abou-

Moussa and K. Abdel-Wagedl al., 1998b.

Comparative analysis of fast forward-backward

hadrons production in the inelastic interactions of

®Li and ‘Li nuclei with Emulsion nuclei at Dubna

energy. Nuovo Cimento, 111: 1243.

http://adsabs.harvard.edu/abs/1998NCimA.111.1243E

Nadi, M., A. Abdelsalam and N. Ali Mossa, 1994.

Study of backward shower particle production

from the interactions of?Ne and ?Si with

emulsion nuciei at Dubna energy. Int. J. Mod.

Phys., E3: 811-820. DOl:

10.1142/S0218301394000243

EL-Nadi, M., A. Abdelsalam and Ali Mossa, 1996.
Momentum characteristics of backward emitted
shower particles in the interactions of 4.5 Gé¥//c
with emulsion. Phys. Chem., 47: 681-684. DOI:
10.1016/0969-806X(95)00336-V



Phy. Intl. 1 (1): 31-37, 2010

EL-Naghy, A. and V.D.Toneev, 1980. Interactionaf  Khan, M.S., H. Khushnood, A.R. Ansari and Q.N.
ions with emulsion nuclei at momentum 4.2 GeV/c Usmani, 1995. Study of disintegrations caused by
per nucleon and the cascading-evaporation model. 4.5 GeV carbon nuclei in nuclear emulsion. Nuovo

Zeitschrift fur Physik A Atoms and Nuclei, A298: Cimento, A108: 147-154. DOl:
55-59. DOI: 10.1007/BF01416028 10.1007/BF02816735

Ghash, D., A. Mukhopadhya, A. Ghosh, R. Sengupth anKhan, M.S., S.S. Ali, P. Singh, H. Khushnood an& A.
J. Roy, 1989. Multiplicity characteristics of hedan Ansari et al., 1997. Some interesting results on
interactions at 4.5 GeV/c per nucleon. Nuclear Phys compound multiplicity in*’C-nucleus reactions at
A499: 850-860. DOI: 10.1016/0375- 45 A GeV/c. Can. J. Phys., 75: 549. DOI:
9474(89)90067-5 10.1139/cjp-75-8-549

Ghash, D., J. Roy and R. Sengupta, 1987. Study dfoba, Z., H.B. Nielsen and P. Olesen, 1972. Scaling
multiparticle production in the interaction dfc multiplicity distributions in high-energy hadron

with photo emulsion nuclei at 4.5 GeVic per collisions. Nuclear Phys., B40: 317-334. DOI:
nucleon. Nuclear Phys., A468: 719-738. DOI: 10.1016/0550-3213(72)90551-2
10.1016/0375-9474(87)90190-4 Nasr, M.A. and H. Khushnood, 1994. Interesting
Hegab, M.K. and J. Hufner, 1981. How often does a  features of particles produced in 4.5 a Ge¥4i-
high-energy hadrons collide inside a nucleus? emulsion interactions. Int. J. Mod. Phys., A9:
Phys. Lett., 105B: 103-106. DOI: 10.1016/0370- 5145-5154. DOI: 10.1142/S0217751X94002089

2693(81)90999-0 Stenland, E. and I. Otterland, 1982. On slow plartic
Jain, P.L., K. Sengupta and G. Singh, 1991. Prioluct production in hadron-nucleus interactions. Nuclear
of fast and slow particles in n-n collisions atralt Phys., B198: 407-426.

relativistic energies. Phys. Rev., C44: 844-853.
DOI: 10.1103/phys ReVC.44.844

Ghosh, D., A. Deb, M.B. Lahiri, S. Biswas and P.
Mandal, 2009. Multiplicity fluctuations of pions
and protons at SPS energy-An in-depth analysis
with factorial correlator. Indian Acad. Sci
73: 685-697.
http://www.ias.ac.in/pramana/v73/p685/fulltext.pdf

37



