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Universality of projectile fragmentation model
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Presently projectile fragmentation reaction
is an important area of research as it is used
for the production of radioactive ion beams.
In this work, our recently developed projec-
tile fragmentation model with an universal
temperature profile is used for studying the
charge distributions of different projectile
fragmentation reactions with different projec-
tile target combinations at different incident
energies.

The model for projectile fragmentation [1]
consists of three stages: (i) abrasion, (ii)
multifragmentation and (iii) evaporation. In
heavy ion collision, if the beam energy is high
enough then at a particular impact parameter
three different regions are formed: (i) projec-
tile like fragment (PLF) or projectile spectator
moving in the lab with roughly the velocity of
the beam, (ii) participant which suffer direct
violent collisions and (iii) target like fragment
(TLF) or target spectator which have low ve-
locities in the lab. Using straightline geome-
try average number of protons and neutrons
present in the projectile spectator at differ-
ent impact parameters are calculated. The to-
tal cross-section of abraded nucleus having Zs

protons and Ns neutrons is

σa,Ns,Zs =
∑
i

σa,Ns,Zs,Ti (1)

where the sum is done over all impact param-
eter intervals and

σa,Ns,Zs,Ti = 2π⟨bi⟩∆bPNs,Zs(⟨bi⟩) (2)

with PNs,Zs
(⟨bi⟩) is the probability of forma-

tion of a projectile spectator having Zs pro-
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tons and Ns neutrons obtained by minimal
distribution within the impact parameter in-
terval ∆b around ⟨bi⟩.

The multifragmentation stage calculation
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FIG. 1: Theoretical charge distribution (dotted
line) for 58Ni on 9Be compared with experimental
data (solid line).

of each PLF created after abrasion at dif-
ferent impact parameters is done separately
by the Canonical Thermodynamical Model
(CTM) [2]. The canonical thermodynami-
cal model assumes that due to density fluc-
tuations each nuclear system (here projectile
like fragments produced after abrasion stage)
breaks up and reaches to an expanded freeze-
out configuration at a particular temperature.
The impact parameter dependence of freeze-
out temperature is considered as T (b) = 7.5−
4.5(As(b)/A0) where As(b) is the mass of the
projectile spectator created at impact param-
eter b and A0 is the mass number of origi-
nal projectile. So freeze-out temperature of
the projectile spectator is independent of the
incident beam energy but it depends on the
wound in the projectile. The freeze-out vol-



Proceedings of the DAE Symp. on Nucl. Phys. 57 (2012) 747

Available online at www.sympnp.org/proceedings

2

ume in multifragmentation is Vf (b) = 3V (b)
where V (b) is the volume of projectile specta-
tor created at b. Using CTM for an abraded
system Ns, Zs at temperature Ti average pop-
ulation of the composite with neutron num-
ber n, proton number z is calculated in the
multifragmentation stage. Denoting this by
MNs,Zs,Ti

n,z and summing over all the abraded
Ns, Zs that can yield n, z, the primary cross-
section for n, z is

σpr
n,z =

∑
Ns,Zs,Ti

MNs,Zs,Ti
n,z σa,Ns,Zs,Ti (3)

Finally, the decay of excited fragments n, z
at temperatures Ti are calculated by recently
developed evaporation model based on Weis-
skopf’s formalism.
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FIG. 2: Comparison of theoretical charge distri-
bution (dotted line) for 124Sn on 119Sn with ex-
perimental data (solid line).

Theoretically, the charge distribution
is studied by using universal temperature
profile and compared with experimental
data of 58Ni on 9Be (Fig. 1) reaction at
140 Mev/nucleon (MSU), 124Sn on 119Sn
(Fig. 2) at 600 MeV/nucleon (ALADIN
collaboration at GSI), 136Xe on 208Pb (Fig.
3) at 1GeV/nucleon (GSI) and 129Xe on 27Al
(Fig. 4) at 790 MeV/nucleon (GSI).

Hence we can conclude that, the charge
distributions of different projectile fragmenta-

10 20 30 40 50 60
10-1

100

101

102

103

104

136Xe+208Pb

 

 

Proton Number (Z)

C
ro

ss
-s

ec
tio

n 
(m

b)

 

 

FIG. 3: Theoretical charge distribution (dotted
line) for 136Xe on 208Pb compared with experi-
mental data (solid line).
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FIG. 4: Comparison of theoretical charge distri-
bution (dotted line) for 129Xe on 27Al with ex-
perimental data (solid line).

tion reactions with different projectile target
combinations at different incident energies
are nicely reproduced by single temperature
profile in projectile fragmentation model
and in each reaction limiting fragmentation
condition is archived.
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