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Nuclear Equation of State

° Equation of State (EoS)

> EoS for isospin asymmetric nuclear
matter:

E(p, 8) = E(p, & = 0)+Eqyn(0)3? + O(5")

* baryon density p =p, + p, - —
* isospin asymmetry & = (0, = P )/(Pn + P,) =B j
0 8= (N-2)/(N+2) - =
¢ energy per nucleon in symmetric nuclear
matter E(p, 6 = 0)
* nuclear symmetry energy E.(p)
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Symmetry Energy

> Symmetry Energy related to Isospin
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Heavy lon Collisions

° Nuclear collision reactions...
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Heavy lon Collisions

> Detect the Z and A of most fragments with
NIMROD, and free neutrons with the
Neutron Ball




Comparlng ldentified Fragments

Tsang PRC Vol. 64 041603

Cexp(Na + ZB)

R21(N, Z) =

° Neutron-rich source
° Neutron-poor source
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Comparing Identified Fragments

Tsang PRC Vol. 64 041603

— Cexp(Na + ZB)

Rllilﬁ'-'r, Z]

Neutron-rich Neutron-poor

° Neutron-rich source
° Neutron-poor source
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Comparing Identified Fragments

Cexp(Na + ZB)

Neutron-rich Neutron-poor

a is the slope
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|= Cexp(Na + ZB)

Ka(N, Z) =

Neutron-rich Neutron-poor

—
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Evolution of Isoscaling

> System-to-System
Isoscaling
+ Tsang at MSU, etc. o
¢ Sources are compound nuclei 1 o}

+ Isoscaling with global alpha o7}

05t I . . . | 1 . . . . [ |
and global beta . . N >

* Lines are parallel and evenly  Tsang. Phys. Rev. C 64, 041603(R) (2001)
spaced, but do not align
perfectly with points
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Isostopic Scaling...It can get us to the

symmetry energ
° Ratio of isotopic yields

R:(N, Z) = Y2(N, Z)/ Yi(N, Z) = C exp(Na + ZB)

Neutron-rich Neutron-poor T
o) . Nogxmalization Difference in  Difference in
Relatlon Of a to E (C O)onstant neutron  proton chemical
Sym Sym chemical potentials
potentials

a=Ay, /T B=Ap,/T
Tsang PRC Vol. 64 041603

4C gy (z )f (z )*"* 4C oy
P — - — — | — = - .ﬂ'ﬁ.

Wuenschel, Phys. Rev. C 79, 061602(R) (2009)
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Source Definition

° 86Kr projectile + ®#Ni target = "9Compound Nucleus
° 8Kr projectile + °8Ni target =4'**Compound Nucleus
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Source Reconstruction

o Peripheral collisions — Quasiprojectile (QP) & Qua3|target QT)

@D

0 Reconstructed QP as source
0 Distribution of QP sources (in N/Z of source)
O Better defines source CTE R e

* T*Kr+*°Ni

107F A J-"- SRRy Combined

Yield (arb. units)
'?*
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Source Reconstruction

o Peripheral collisions — Quasiprojectile (QP) & Quasitarget (QT)

& ***..
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0 Reconstructed QP as source
0 Distribution of QP sources (|n N/Z of source)

Kr+54N|
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Transition in Isoscaling

System-to-System Isoscaling——

Bin toWa

Ratio

i (P T
i K 438N
il Comblned

3

Yield (arb. units)
i
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Evolution of Isoscaling

I
* T8K 438N
* Combined

° Bin-to-Bin Isoscaling
¢+ Combine systems and
divide into bins

¢+ |soscaling with individual
alphas and betas for each

1077

Yield (arb. units)
i
|

Z _
¢ Better resolution from N TEEREED Nf“m R IIEE
better definition of the ) i
delta 10 -
° Better defined a and A : i T
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Improving Isoscaling

° Wuenschel used bins in N/Z, of width 0.06, and always
compared bins 2 and 4

[ N/Z distribution | NZdist |

Entries 158829
E Mean 1.173
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N/Z of Source
° But what if you changed the width, or range, in N/Z, or
changed the bins that were being compared?

¢ Bin widths: 0.02 — 0.28 in increments of 0.02,and 0.28-0.60 in
increments of 0.04

¢ All comparisons of Bins 1-5
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N/Z distribution
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Alpha/Delta vs. Bin Width for all combinations
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Improving the quality of the fit

Alpha Relative Error vs. Bin Width for all combinations
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Alpha vs. -Beta for all bin widths and combinations

2
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Alpha vs. Delta for all bin widths and combinations
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Alpha vs

. Delta for all bin widths and combinations
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Consistent a/A means consistent C
All the offset groups involve Bin 1
and the 3 smallest bin widths!
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E* vs. Bin
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Alpha vs. Delta for 0.06 Bin Width
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What We've Learned So Far

> Varying the source selection (bin width)
changes the isoscaling

> Using a bin width of 0.18 (in N/Z) when
comparing bins 5 and 2 will give the
optimum results

> Some characteristic of bin 1 is causing a
systematic difference in the a, shown on
the a vs. A plot
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Evolution of Isoscaling
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Where we went next...

° Examine Bin 1

¢+ |s the excitation energy of bin 1 different from
the other bins?

> N/Z to N/A

* N/Z has been used by convention

¢ Technically, isoscaling should be in terms of
concentration (N/A)
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N/Z distribution

NZdist
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These are the N/Z bins used by Wuenschel in her isoscaling.
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N/A distribution

NAdist
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These are the corresponding N/A bins.
Variations in the N/A bins can also be studied.
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| N/Z distribution | NZdist
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Conclusions

> Source definition affects quality of
isoscaling, alpha, C,,

° Bin width of 0.18, comparison of bins 5/2
are optimal

> Bin 1 has significantly higher excitation
energy than the other bins, which affects a
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Where do we go from here?

° Further exploration into excitation energy
effects

° Possibly looking into the effect of free
neutrons In the reconstruction
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