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Introduction to Isoscaling

= Grand canonical ensemble, thermal equilibrium assumption in heavy-

ion collision the fragment yield can be written down as: 2.0
. 3/2
" YPPN(N,Z,T) = Vi3 w(N,Z,T) exp [EB(N'ZH;V“MZMPI.
T
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« yIinal(N, 7, T) = f(N,Z, T)YP""™ (N, Z,T).
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= \We compare two collision system 2 and 1.
= Two system have similar size and temperature.
= System 2 is neutron rich system compared to system 1.

L
o

Roi=Yieg  124g. (N,Z) /Yuiag, 135 (N,Z)

= The fragment yield ratio between two systems exhibit exponential
behavior:

" Ry = Ysystem—Z(N: Z)/Ysystem—l(N: Z).

" R21=Cexp(aN+ﬁZ), a:%,ﬂ:#
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Introduction to Isoscaling

= |soscaling was reported in many other experiments not only from the multi-fragmentation in heavy-ion collisions but in non

symmetric collisions such as evaporation, deeply inelastic scattering and light ion induced reactions.

*M. B Tsang et al. Phys. Rev. C 64 (2001) 041603
*M. B Tsang et al. Phys. Rev. Lett 86 (200]) 5023
*A. S. Botvina et al. Phys. Rev. C 65 (2002) 044670
*M. B Tsang et al. Phys. Rev. C 64 (2001) 054675
*Akira Ono et al. Phys. Rev. C 68 (2003) 0571607
*S. R Souza et al. Phys. Rev. C 80 (2009) 044606
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* R,y =Cexp(aN + BZ)
* S(N) = Ry exp(—pZ)



Introduction to Isoscaling

= |soscaling was reported in many other experiments not only from the multi-fragmentation in heavy-ion collisions but in non
symmetric collisions such as evaporation, deeply inelastic scattering and light ion induced reactions.

. . . 8ca +%ca / “%ca + “°ca
= |soscaling was also reported in many model calculations
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AMD (antisymmetrized molecular dynamics). [ ey R B v P .
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STRIT Experiment

= Sn + Sn collisions at 270 MeV/u measured with SaRIT-TPC
inside the SAMURAI magnet producing 0.5 T at RIBF
RIKEN (2015-2016).

m 132Sn + 12457 (N/Z = 1.56)
= 1085n + 11251 (N/Z = 1.20)
m 124G + 1125 (N/Z = 1.36)
= 11250 + 1245 (N/Z = 1.36)
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STRIT Experiment

= Sn + Sn collisions at 270 MeV/u measured with STRIT-TPC

inside the SAMURAI magnet producing 0.5 T at RIBF
RIKEN (2015-2016).

= 1325n + 12451 (N/Z = 1.56)
= 108Sn + 112G (N/Z = 1.20)
m 124G + 1125 (N/Z = 1.36)
= 11250 + 1245 (N/Z = 1.36)

= Pions, Hydrogen and Helium isotopes are found.

= Cut
= Rapidityyo=0-0.4
» |mpact factor b < 1.5 fm
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p./A Spectra

Different trend of p{/A is shown
for (N-Z) groups.

N-Z=1 (p, 3He) particles show more
yield in neutron deficient system.

N-Z=0 (d, 4He) particles show little
more yield is shown for neutron
rich system.

N-Z=1 (t) particle show larger yield
is shown for neutron rich system.

H-He double ratio temperature
was calculated for reference.
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p./A Spectra + AMD

Different trend of p{/A is shown
for (N-Z) groups.

N-Z=1 (p, 3He) particles show more
yield in neutron deficient system.

N-Z=0 (d, 4He) particles show little
more yield is shown for neutron
rich system.

N-Z=1 (t) particle show larger yield
is shown for neutron rich system.

H-He double ratio temperature
was calculated for reference.
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AMD : Soft symmetry energy
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Isoscaling with data

Isoscaling fit to data, AMD and SMM where performed to get the
a and B values through p;/A.

Nice isoscaling is given below 250 MeV/c.

Isoscaling above 250 MeV/c is shown to break down.

a from data decrease even below 250 MeV/c while AMD stays
constant. B values stay constant for all cases.
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Conclusion

Isoscaling properties are studied in 132Sn+124Sn and 108Sn+12Sn systems at 270 MeV/u. compared to the previous
studies on isoscaling, we explored collision systems with comparably large energy (270 MeV/u) and large isospin
difference (N/Z, = 1.56 and N/Z; = 1.20).

Since temperature increase as a function of p;/A, we performed isoscaling fit for different p;/A bins.

The spectral yield ratio R21 show constant trend up to p;/A = 250 MeV /c but triton and 4He starts to decrease
above this region. Consequently, isoscaling breaks above this boundary (p;/A = 250 MeV /c).

In the reliable p;/A region (50- 250 MeV /c), we obtained @ = 0.30 and g = —0.23.

Thermal equilibrium approximation might not be appropriate for high energy particles in heavy-ion collisions at
energy range around 270 MeV/u.

The temperature of the systems for AMD (H-He temperature) show constant trend through pT/A and temperature

for SMM is fixed to 8 MeV. This means that calculations is assuming thermal equilibrium through out the system
and this might be the reason for different scaling trend compared to data.

For the feature studies, more cases are needed be explored in other similar systems, and include other produced
particles (neutrons, ¢He, Li isotopes) if possible.
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