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Features Study on Target Fragmentation in the Collisions
Of Mg and #Si with Emulsion Nuclei at 3.7A GeV

A. Abd EL-Daiem
Department of Physics, Faculty of Science, Sohagddsity, Sohag Egypt

Abstract: Problem statement: The process of nuclear fragmentation in interagtiof 3.7A GeV
Mg and®®Si nuclei with the different target nuclei in a fear emulsion have been investigated.
Approach: The probability of interactions without any prdjée fragment with charge>2 is zero for
hydrogen target, but increases by increasing thesnad the targetResults. The disruption of a
projectile nucleus is more save in interaction$liie heavy target nuclei than with the light ofidse
nuclear fragmentation mechanism was investigatecstiower and slow particles at Dubna energy.
Several correlations between these particles adiest and analyzed. The variation ofpgxns> with

Ny, behaves a straight line up tq, N 14 in the collision of*Mg and?*Si with emulsion nuclei, it
reaches to constant value. These results are datad with that obtained from the light projectile
nuclei such as p, dHe and’Li with emulsion nuclei at the same ener@pnclusion: The behavior of
the scale shower (s¥P (n/<ns>) and compound (sRP (n/<n:>) where (g = n+ng) particles are the
same, also for both the collisions’81g and®*Si with nuclei give the same behavior.

K ey words: *Mg, #Si, nuclear fragmentation, emulsion nuclei, graydoiction

INTRODUCTION 2007; Bogdanov et al., 1983; Abd El-Daiem,
2009).The aim of the present study is to investidhe
The study of projectile and target fragmentationbreakup of relativisti¢’Mg and?®Si nuclei in nuclear
processes for the relativistic heavy ion interatilas emulsion at 3.7A GeV. On the other hand we have
become a subject of great important. It gives arthrough a spotlight on the investigation of the
indication of being a rich source of information on production mechanism of nucleus- nucl€fiélg and
nuclear structure and may reveal new phenomen&Siwith emulsion investigations.
(Buguta, 1982) relate to phase transition of hadjas
to quark glone plasma. These studies can provide MATERIALSAND METHODS
information about the fragmentation mechanism and
liquid gas phase transition process in hot nuctel a Experimental details. NIKFI BR-2 stacks of nuclear
help to trace the reaction mechanism of nucleusemulsions, 1810x2 cm in volume, were exposed to the
Nucleus interactions (Hufner, 1985; Jilany, 200304. 3.7A GeV Mg and %Si beams at the JINR
It is well known from the nucleus- nucleus collisio  Synchrophastion in Dubna. The flux intensity was 10
that, the over lapping region of nuclear volumeaied  particles cri?. Emulsion plates, 60@m in thickness,
participant region where multiple productions ofwne were scanned by the along, the-track method, irfiatsie
particles occur and the nuclear matter breaks tp in forward direction and slow in the backward direatio
nucleons. The remaining parts of nuclei which dé noThe scanned beam tracks were further, examined by
participant in the disintegration process are dallee  measuringd-ray density on each of them to exclude the
spectator regions of the projectiie and target. Theracks having charge less than the beam particlegeh
projectile fragments corresponding to the spectptsit  Along the track scanning was performed to seleet th
are being in narrow forward cone. The angle oftise  data from two sample¥Mg and?®Si. A total of 1000
in  lab< 3°, while the produced particle and rescatteringinteractions of each two samples with the nucleihef
protons have a much broader distribution. EXtenSiV%mlﬂsion were observed by fo”owing, a primary krac
investigation of the target fragmentation throughjength of 5954 and 8712 cm which led to a mean free
nucleon-nucleon or nucleus-nucleus interactionigh h  path ofiA = (10.2+0.6) cnh. = (8.71+0.3) cm froni*Mg
energy has greatly increased for over three decadegg?s;.

(Abdelsalamet al., 2002; Solite and Abd El-Daiem, Interactions which were within 3m from the top
2007; Nour El Din and Solite, 2008; Abdelsalatral.,  or bottom surface of the emulsion were not takea in
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consideration for the final analysis. For each cte®@ in the shape of this histogram, a sharp dip at Z,6=
interaction, the following characteristic featuresre  followed by a gradual rise and then the second peak
recorded: g the number ionizing shower tracks with with Z = 4,6 followed by a gradual drop. Table bwsis
kinetic energy E>400 MeV and very light gty  that the mean multiplicities of the different chedg

B = vic>0.7 (most g tracks aren-mesons); § the projectile fragments in interactions &Mg and *Si
number of grey tracks (recoil protons with projectiles with different components (differenhgas
40<E<400MeV, 0.38<0.7 and range >3 mm) ang,n of Ny, i.e., H,CNO, Em and AgBr nuclei) of emulsion
the number of black tracks due to evaporated targatuclei are in a similar trend with those obtained
fragments with E<40 MeVB<0.3, R<3 mm. (g+n,) is  previously for *°0 and N beam interactions with
the sum of heavily ionizing charged particles,dedot groups of emulsion nuclei at Dubna energy. The
by Ni. The percentages given for each element are théependence of average projectile fragment numhers o
reaction percentage of theifMg and ?Si induced the target mass is clear in the case of char As
reaction. The number \emitted in an interaction is an the target mass increases, the mean multipliciies
important parameter and greatly helps in separatinffagments <p with charges 23 decrease
events due to target types, i.e., all events duédto substantially. The mean number of helium targeteiuc
interactions have N= 0.1. The interactions having (AgBr) is smaller than that stripped in the cobiss
N>8 almost definitely belong to AgBr collisions, whil with hydrogen target nuclei. No target mass depecele
events with N,<7 are due to interactions with CNO is, however, seen in the emission of fast singlgrgad
and peripheral AgBr. It was found that the evenis tb  projectile fragments.

H, CNO and AgBr were estimated to be 37 (7.3%), 147
(29%) and 323 (63.7%) fdfMg and 53 (10.2%), 155 12
(29.8%) and 315 (60%) f3FfSi respectively.

In each event, the charge>Z of individual 104
projectile fragments were determined by the — Mg
combination of several method, which include grain o o 288
and d-ray densities projectile fragments essentially
travel with the same speed as that of the pareamnbe
nucleus, so the energy of the produced projectile
fragments is high enough to distinguish them easily
from the target fragments. 4

Propoality (o)

RESULTSAND DISCUSSION

A-selected correlations:. The complete charge
distributions of projectile fragments with 22 emitted o4
from minimum-bias events if‘Mg and “*Si with 0 2
interactions emulsion shown in Fig. 1. This disitibn z

are characterized by a strong peak with Z = 2 ptidge

fragments constituting almost of the total popuwlati Fig. 1: Charge distribution for doubly (Z = 2) and
One can also observe from Fify.is a distinct structure multiplicity (Z>2) charged projectile fragments

Table 1: The average multiplicity of the differammtarge (Z) PFS stripped 1fO (Meng and Zhang, 2006fN (Andreeveet al., 1988)2Mg and
8sj peams interactions with the various emulsiorugsoof nuclei 3.7A GeV

Fragment charge Z Projectile nucleus H CNO Em. AgBr References

1 e 1.42+0.07 1.47+0.05 1.36+0.03 1.22+0.04 MengZnahg (2006)
2N 1.17+0.02 1.47+0.05 1.36+0.02 1.37+0.03 Andresh\al. (1988)
Mg 1.42+0.09 1.64+0.07 1.50+0.05 1.39+0.06 Present study
Bg;j 1.39+0.14 1.62+0.07 1.63+0.06 1.48+0.08 Present study

2 e} 1.19+0.06 0.88+0.04 0.75+0.02 0.48+0.03 Meng Znahg (2006)
2N 1.02+0.04 0.92+0.03 0.82+0.02 0.63+0.02 Andreghal. (1988)
24Mg 1.14+0.02 1.10+0.13 0.89+0.03 0.73+0.04 Present study
Bg;j 1.37+£0.11 1.23+0.06 1.03+0.03 0.86+0.04 Present study
>3 %0 0.52+0.03 0.36+0.02 0.2940.01 0.14+0.01 Meng and Zhang (2006)

2N 0.79+0.03 0.57+0.02 0.48+0.01 0.21+0.01 Andresh\al. (1988)
24Mg 0.89+0.06 0.66+0.03 0.50+0.02 0.32+0.02 Present study
Bg;j 0.85+0.08 0.68+0.04 0.47+0.02 0.28+0.02 Present study
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35 Table 2: The percentage probability of the intécact for P, d/He
and’Li, #Mg and®Si-with emulsion nuclei with noss 0
30 4 * Mg Projectle  P(g=0) % References
o Hgi 11 P 9.85:0.61  Nour El Din and Solite (2008)
e ] 1 B b L1 d 2604040  Bogdancst al. (1983): Admovich (1977)
! I ﬁgi;%l i e 1 Bogdanov (1972)
% 1 ) l%l 1 l} pos IuE ¢ “He 7.120+0.59  Nour El Din and Solite (2008)
A 201 Ll 1 %x LR L 10.37+1.02  Nour El Din and Solite (2008)
g { ll ll lllliﬁ &}% o1 ;i 1] 1 Mg 6.60+0.27  Present study
"o Dl Iedl3gy : 1 25 7.50£0.23  Present study
l%llil ﬁiﬁiﬁz ! H
10-% lii} Ml T Table 3: The fitting parameters characterizing thependence of
1 <ngs> on N, through the interaction of different projectiles
5 4 with emulsion nuclei
Projectile a b References
0 . . . . . . . . . P -0.01 1.64 Nour El Din and Solite (2008)
0 10 20 30 40 50 D 0.07 2.44 Nour El Din and Solite (2008)
Np “He 0.17 2.38 Nour El Din and Solite (2008)
Mg 0.39 6.40 Present study
g 0.65 3.35 Present study

Fig. 2: Variation of < > with N, from Mg and®®Si

It is well known that the most of the shower paetc
are mainly pions emitted due to the fragmentatibn o
a?e projectile. Therefore, to investigate the targe
ragmentation process, it is nice to choose eveiitts
no relativistic charged particles (shower), (iwith no
, = 0) as an indicator of the target effect in the
ragmentation process in this study. Table 2
summarizes the percentage probability of the
interaction for our experimental data fdMg and®®Si
with emulsion nuclei at 3.7A GeV (with na; B 0)

where, Ap and Zp are the mass and charge numbeq‘ompared with another experimental data for PHé,

- - ; hd’Li with emulsion.
respectively, of the projectile nucleus and Q &s tibtal a .
chaF;ge of t)rqe proje(?tileJ fragments in an ev%ntorkder Except for the percentage of the probability ¢hP

— o . . S o)
to see the dependence of the average number QO) % for P with emulsion antLi with emulsion; the

. . R robability is increased with increasing the maisthe
Interacting projectile nucleus mér on t_h_e degree of projectile at constant energy. We notice also tiwdh P
_d|smtje_?fratlort1 .Of thet target ntUde%ﬁE:O”'s'gggg.m% with emulsion and’Li with emulsion are more high
1.€., | imeren Itmpa(; parameter) Mg ar][ d ! W::. 2Values of pionization than others. This may be tlue
emuision - Interactions — are represented In Fg. Zy,e styycture of the two projectiles where theyeham
Figure 2 indicates that even in collision whereon@ery

. L . odd number of particles which may be played an
little excitation of target occurs (i.e.,, & 0.1). Some of important rule in the value of ionization. From Fg&

the projectile nucleons take part in the intera'c_tio _ we can show the dependence of the average shower
As expected, the average number of interacting,ariicle which represents the projectile  indicator

projectile nucleon_s increases substgr}tially as ”fQNour El Din and Solite, 2008) on,NThe best fit can
increases from peripheral to central collision &ti&ins e followed by the linear relation as:

a more or less constant value for extreme central

To find the degree of centrality of an event, from
the geometrical point of view information about the
impact parameter is necessary. However, one cann
directly measure the impact parameter in individual
collisions. Hence we introduce an alternate paramet
ni; (the number of interacting nucleons), which can b
estimated on an event basis from the followingtieta

Nine = Ap-(Ap/Zp) Q

collisions. The average lightest value of,#nin this <n>=aN+b
experiment are and impaling the participation cdrhe
and of projectile nucleons in the collision proctssse Hence, Table 3 shows the fitting parameters for

events, representing almost and of the total sanpile different projectiles at 3.7A GeV. From Fig. 3 and
extreme central collisions where it is expectedt thaTable 3, we can notice that; the slope parameter
almost all nucleons of projectilie and the majorityincreases as the mass number of the projectile
nucleons of the heavy Ag Br target nuclei take jrart increases, which indicates the strong dependent®eof
the collision (Singh and Tuli, 1996; 1999; Shetifal., shower particles on the projectile mass except for
1995). These events are potentially useful for isgek proton with emulsion collision which is weak and it
evidence for the formation of quark-gluptasma. slope is negative.
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Fig. 3: (a) The experimental points for &ragainst N for the collision 0*Mg (3.7A GeV), the straight line is
obtained by the best fit; (b)) The same &p Ba but for the projectil®Si (3.7A GeV)
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Fig. 4: The dependence of gNand <N> on ns for the collisions 6fMg (a, c) and®Si (b, d) with emulsion at
3.7A GeV
Table 4: The fitting parameters characterizing therrelations To show the dependence of the target

between <p,> and  for the interaction of P (3.7 GeV), fragmentation on the shower particle, we draw a

‘He (2.1A GeV),*Mg (3.7A GeV) and®Si (3.7A GeV) .
with emulsion nuclei relation between the mean number of grey and black

<NS>Versus g <ng> Versus o particle multiplicities with the number of shower
particles as shown in Fig. 4 for the interactioh§™g
Projectle Cg _Dg & Do _ References _ (a, ¢) and®Si (b, d) with emulsion nuclei at 3.7A GeV.
oo iaoa o wwonmaseme Lo 20 e bet i can folow e Ineaen
Mg 057 238 033 174 Presentstudy of the form, <g> = GystDyp. The fitting parameters
*si 056 111 031 190 Presemidy are given in Table 4. From Fig. 4 and the slope.
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Mg-Em (3.7A GeV)
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“My=f<ng

60
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Fig. 5: The relation between gfi<ns> and<g>/<ns> with
emulsion nuclei

Table 5: The best fit parameters for the relatiohstween
<Ng>/<ns>and <p>/<ns> and the target size indicator M
the reactions of protofiHe and’Li-with emulsion nuclei
produced from (Nour El Din and Solite, 2008)

<ny>/<ns>versus N <np>/<ng>versus N

Projectile o4 Bg op Bo References

P 0.10 1.64 0.40 -0.21 Nour El Din and
Solite (2008)

“He 0.04 0.61 0.09 0.56 Nour EIl Din and
Solite (2008)

"Li 0.03 2.38 0.05 0.64 Nour EI Din and

Solite (2008)

Parameters in Table 4, we can say that, the depeade
of <ng and <g> on n incase of P with emulsion
collision is weak, but for the other projectiles,is

<ng <>

200
1.80

= 283i-Em (3.7A GeV)
1.60

1.40
1.20
1.00
0.80
0.60
0.40
0.20

0.00

[1] 30
Np

(d)
N, in the collisions of*Mg (a, c) and?®Si (b, d) with

40 80

fragments(black particles) and the projectile pastam
<ng>, (i.e., <p>/<n> and<p>/<,s>) and (N) at energy
3.7A GeV as shown in Fig. 5a-d. The best fit
parameters are takes the form gg1i<n> = o g, b N+

3y, b for light projectiles obtained by the authofgef
(Nour El Din and Solite, 2008) and summarized in
Table 5.

Figure 5 a-c shows the heavier nuclei as in ota da
for the collision of Mg (a,c) and®®Si (b,d) with
emulsion nuclei at 3.7A GeV we see that:

The behavior of the relation for gxi<n> and
<n,>/<ng> with N, stays straight line up toN=14 and
these relations are:

stronger. The difference for the dependence betweefng>/<ns> = 0.04N+0.14

the interaction of P with emulsion and the collisiof
the other projectiles may be due to the excesdef t
number of particles for the heavier projectiles.neke
the result is excess in the rescattering processcea
the colliding nuclei which may reduce the number of
particles produced in the energy interval of pietian
more sensitive characteristic for
interaction is the correlation between the multitikes

of different types of the emitted particles. Theref it

is convenient to study the ratio between the awerag
multiplicities of the recoil target protons (greargicles)
and the average multiplicity of the evaporated darg

49

<n,>/<ns> = 0.038 N+0.007 for"Mg with emulsion
<ng>/<n> = 0.04 N, +0.11
<ny>/<n> = 0.044 N+0.034 for®Si with emulsion

From the parameters in Table 5 and the
corresponding parameters obtained from our data, we

nucleus-nucleusotice that, the collision of the heavier nucleithwi

emulsion in the interval of the target sizg, N0-14,
behaves as the light one. At>Nl4, the relations
became merely constant. This constancy leads to a
limiting fragmentation in this interval of the taty
sizes.
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Fig. 6: The comparison between>d ( n / <n>); i = s,c versus the scaling functiop/an> for; (a, b)*Mg with
emulsion at 3.7 A GeV and (c, d5i with emulsion at 3.7A GeV

B-compound multiplicity: (1) Although the process compound multiplicity, respectively also, when we
responsible for the production the grey particesiot  draw a relation between gnand <g> with the target
fully known, it is generally believed that these dhe  size (N,) we shall obtain Fig. 7. It is noticed from the
low energy part of the inter nuclear cascade amd th Fig. 6 and 7 and the conclusions of sections 12aack
they leave the target nucleus on the same time ssal the behaviors of the two kinds of particles (shoeed
the secondary of the interactions. (2) It has bfs#tn  grey) are resembled. This may be encouraged usyto s
quite recently that the study of grey track pagscl that the object emitting shower or grey particlegg
should of special interest, because they are amnittelitte or no memory of the formation or excitation
during or shortly after the passage of leading diaslr mechanism which produced it and it is differentniro
hence to incorporate the rule of grey particlesilable  that source emitting black particles. This condusi
termed the compound multiplicity,.# ns + ng, was was confirmed by Hegaét al. (1987). He was shown
introduced by Judrack and Linscheid (1977) andthat, the angular distribution of grey particlesaks in
Ahmed and Irfan (1991; 1993). The main motivationforward direction and they are emitted during corllg
for studying the compound multiplicity in high after the passage of the leading particle. The grey
energy heavy ion collisions is that theseparticles are therefore close to the primary secgien
investigations may helpin refining the models of (pre-equilibrium stage) of the interaction and #ras
multiparticle production of the final state parésl expected to bear important information about the
produced in hadrons-nucleus and nucleus nucleusiteraction mechanism. The same author in ref (Hega
collisions. In Fig. 6a-d, we have plotted aand Hufner, 1981; 1982), when was considered the
comparison between P (n/<ns>) versus<grand  energy degenerate between successive generatiens, h
<n>P (n/<n>>) versus g<ns> for both **Mg and has shown that grey particles should not resulinfro
3j collisions with emulsion nuclei. generation greater than the second, i.e., 11 duhag
Here, (<> and <p>) are denoted the average inter a nuclear cascade only primaries and secgndar
multiplicity of relativistic shower and average of contribute to the grey particles production.
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Fig. 7: The relation between gn <n> and N, in the collisions of: (af*Mg with emulsion at 3.7A GeV, (BfSi

with emulsion at 3.7A GeV

Higher generations, they considered to contribote t
the slow particle emission (black particleshw
energy<30 MeV). Thus, the energy of the projectile
nucleon will in the mean be divided among several
nucleons in cascade in the target nuclei, spectally
heavy nuclei will be probable that some of the adsc -
nucleons will have an energy low enough for the
nucleon to fall in the interval defined for the gre
tracks. The corresponding cascade in light targeten

will include fewer nucleons with the correspondingf
higher mean energy and smaller probability for them «
fall in the energy interval of the grey tracks.

CONCLUSION
From the present study, it may conclude that:

e The complete charge distribution of projectile
fragments with 22 emitted from the minimum-
bias events in*Mg and ?Si with emulsion
interactions are show in Fig. 1

e The fragmentation of the projectile nucleus
depends strongly on the target mass

» It is clear that the percentage of the probabiity
events having P (= 0) % for the projectiles with

projectiles, it is stronger. The difference for the

dependence between the interaction of P with

emulsion and the collision of the other projectiles

may be due to the excess of the number of particles

for the heavier projectiles

The relation between g/<ngs>, <n>/<ns> and N,

is linear up to N= 14, for the collisions of*Mg

and %si with emulsion nuclei. For ¥14, there is

constant  behavior which leads limiting

fragmentation

At all interval of N, for the collisions of P, 'd

“Heand Li with emulsion nuclei 8-The source

emitting shower and grey particles may be the

same and it is different from that source emitting

black particles. This proposing was based on the

following:

e The scaling behavior for the shower and grey
particles are almost the same

e« The relation between the shower and grey
particles with respect to the target
fragmentation is linear and stronger
dependence
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