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1. Introduction

Collisions at relativistic energy are linked
to nuclei as well as elementary particles, cos-
mic rays, astronomy, and other fields. The
nuclear emulsion detector is one of the earli-
est detectors, having been used from the be-
ginning of experimental nuclear and astropar-
ticle physics [1,2]. The multiplicity distribu-
tion study of projectile fragments help to un-
derstand the process of nucleus-nucleus colli-
sions and reveals information on particle pro-
duction mechanisms. The multiplicity of sin-
gle charged projectile fragments produced in
84Kr + Emulsion interaction at 1 A GeV are
reported in the present article.

2. Experimentl Details

The exposure of the nuclear emulsion de-
tector has been performed at Gesellschaft fur
Schwerionenforschung (GSI) Darmstadt, Ger-
many. Nuclear emulsion detector is a mixed
target detector, it contains the sum of H,
C, N, O, Ag, Br with small percentage of I
and S. 84Kr nuclei used as a projectile with
incident kinetic energy of ∼1 GeV per nu-
cleon, containing around 98 to 95 % of 84Kr
with 2 to 5 % of impurity. The dimension
of nuclear emulsion plates used in this anal-
ysis was 9.8 × 9.8 × 0.06 cm3[1,2]. The
event of interest recorded in nuclear emulsion
plates was scanned for further physics analy-
sis using Olympus BH-2 binocular microscope.
We have used two different scanning meth-
ods. One is volume scanning, and second is
line scanning. In the present analysis we have
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used 700 events outof 750 events. The projec-
tile fragments are produced from the projec-
tile spectator segments, which have a charge
of Z ≥ 1. These components of projectiles are
further divided into three main groups. Sin-
gle charge projectile fragments (Nz=1), dou-
ble charge projectile fragments (Nz=2), and
multicharge projectile fragments (Nz>2) [1,2].
The target fragments are divided into three
main groups on the basis of relative range
(L), normalized grain density (g∗), and rela-
tive velocity (β). Grey Particles: These par-
ticles have L > 3mm, 1.4 < g∗ < 6.8, and
0.3 ≤ β < 0.7. Black Particles: These parti-
cles have L ≤ 3mm, g∗ ≥ 6.8, and β < 0.3.
Heavily ionizing charged particles are the sum
of black and grey particles and denoted by
Nh. On the basis on Nh value the emulsion
detector is basically divided into three target
groups. H-target group having Nh value less
than or equal to 1. CNO target group having
Nh value in the range of 2 to 8. AgBr target
group with Nh value greater than 8 [1,2].

3. Result and Discussion
The multiplicity distribution of the single

charged projectile fragments emitted from the
interaction of the projectiles 84Kr (1 A GeV)
[Present work], 28Si (3.7 A GeV) [3], 22Ne
(3.7 A GeV) [3], 16O (3.7 A GeV) [3], 12C
(3.7 A GeV) [3] with H-target, CNO-target
and AgBr-target of the nuclear emulsion are
shown in figure 1,2&3 respectively. Figure 1
and figure 2 show that the first value of the
28Si is very low in both case of the events emit-
ted from interaction with H-target and CNO-
target of the emulsion, while after first value it
again follow the same emission feature as like
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FIG. 1: Multiplicity distribution of the single-
charged projectile fragments emitted from the in-
teraction of the different projectiles with H target
of the nuclear emulsion.

FIG. 2: Multiplicity distribution of the single-
charged projectile fragments emitted from the in-
teraction of the different projectiles with CNO
target of the nuclear emulsion.

FIG. 3: Multiplicity distribution of the single-
charged projectile fragments emitted from the in-
teraction of the different projectiles with AgBr
target of the nuclear emulsion.

other projectiles. Figure 3 show that the first
value of 12C projectile fragments is higher as
compared to other projectiles. Even after this
small fluctuations in values, we can see from
figure 1,2&3 that the emission feature of the
single charged projectile fragments are show-
ing same nature of the distribution and also
independency on the interaction with differ-
ent target group of the nuclear emulsion for
all the projectiles fragments even projectiles
having different incident kinetic energy. This
reveals that the emission of single charged pro-
jectile fragments not depending on the inter-
action with different target group of the emul-
sion [4].

4. Conclusion

The present analysis show that the emission
characteristics of the single charged projectile
fragments are showing independency on the
interaction of projectile with different target
groups of the nuclear emulsion even the pro-
jectiles having different mass and incident ki-
netic energy. Due to the unique feature of this
detector technology, presently it is in use of
searching for rare events in various experimen-
tal collaboration, worldwide, such as OPERA,
SHiP-CERN etc.
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