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Nuclear symmetry energy

Nuclear Equation of State(NEoS)

E(p,8) = E(p,0) + Egym(p)6? + 0(6%)
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Collective flow 2/13

Beam direction

p = p(t) —P" VS P" 1 -
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where, P, azimuthnal angle of reaction plane E||iptiC flow : vy, = (cos 2(¢p — ) = <pﬁ—pi>
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EXperlment and ImQM D ImMQMD with Skyrme parameter sets
INDRA 4th campaign at GSI (1998-1999) + GEMINI++

\ *i., ;,‘“”;,,— ‘F.,.

SLy4 | 0.160 | -15.97 | 230 32 46
129, 124- 124,112
4Re + 500 SkM* | 0.160 | -15.77 | 217 30 46
@ 1OOAMeV --
SLy4 | -120 | 0.69 | 0.68 | 0.71
E789 at GANIL (2019.4->5)
(|NDRA FAZIA coIIaboratlon) SskM* | -156 0.79 0.82 0.76
« Currently, ImMQMD calculations have been
erformed only for Xe+Sn @ 100MeV/u.
64 58N + 64 58N P y
@ 52 AMeV « 5 discrete b, are chosen for time efficiency.
(0.1, 0.2, 0.3, 0.4 and 0.5)~ IW1
« About 10° events for each b, 3/13




Bayesian estimation method

Reaction plane dispersion
Correction factors

Xe + Sn @ 100AMeV Ni + Ni @ 52AMeV

B [ we | e | o
et;, [MeV] | 750~1050 | 510~770 | 245~720 | 180~230
by 0.21~0.42 | 0.35~0.55 | 0.05~0.4 | 0.23~0.55

Transverse momentum method

N
w; =7 ( > 0)
2, oot=mw (N5

1#p.o.i

pt

124Xe+124Sn @ 100 MeV/u
X.=0.765 o=1.227 p—-O 4%%

IW1

<cosAD> : 0.89 + 0.001
<Cc0s2A®> : 0.68 + 0.002

124Xe+124Sn @ 100 MeV/u
1=0.691 a=1.244 p-o 0.484

IW2

——

<cosA®> : 0.86 + 0.001
<C0S2A®> : 0.63 + 0.002

Ni58+Ni58 @ 52 MeV/u

x=0.392 0=1.173 p=-0.178

x=0.611

EW1

[6—9—0-0-0—-0-0-—0—0—0-0-0-00—0

<cosA®>: 0.51 £ 0.018

<CO0S2AP> : 0.24 + 0.015

Ni58+Ni58 @ 52 MeV/u

X =0.469 0=1.285 p=-0.268
x=0.775

EW?2
W

<cosA®> : 0.63 + 0.004

<C0S2AD> : 0.37 £ 0.004

where Vi, =
’ b mSYS _— mp01 INPC 2025, Daejeon DCC
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Vh VS Y((:)m 5/13

v, (system size scaled v,,) 124y 4 124%0@ 100 AMeV 64Ni + 5*Ni@ 52 AMeV
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Compare with Isobaric system

e — —

Flow : Slope of (P,) linear fit
cm
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Slopen_rich > Slopen_poor

PhysRevlLett.78.1022(1997)
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PHYSICAL REVIEW C 82, 014604 (2010)
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Isobaric
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dvidyl ,

Offset,,,

s
2

dv

IW1 Xe + Sn @ 100 AMeV EW1 Ni + Ni @ 52 AMeV 8(1)/13
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dvi/dyl ,
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S
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Correlation between N/Z of fragments and sys

Flow parameters are affected by many un-constrained effects
(L.e. origin of fragments, emission time, collision systems size...)

Difference of flow parameter — Can it constrain un-wanted effects?

v; Slope Difference
= V3 Sl()pehigh (N/Z) system — vi Slopejgy (N/Z) system

v, Offset Difference
— VS Offsethigh (N/Z) system ~— VS OffSEtlow (N/Z) system

2025. 5. 30. INPC 2025, Daejeon DCC 9/13
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v§ Slope Difference

v§ Slope Difference
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1. Flow parameters from isotopes collision systems at 100 and 52
MeV/u are studied.

2. Flow parameters are easily affected by non-constrained effects.

3. Compare between ImMQMD and experiment data will continue after
modification of the model calculation.

4. Correlation between N/Z of collision system and fragments is
founded but they are somewhat ambiguous.
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Back Up
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Bayesian estimated reduced impact parameter

- IW1 IW2 EW1 EW?2
et,, [MeV] | 750~1050 | 510~770 | 245~720 | 180~230
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Estimated reaction plane dispersion(using ImQMD)

Xe + Sn @ 100AMeV b, : 0.1,0.2,0.3,0.4 & 0.5

Azimuthal Correlation Transverse Momentum Tensor
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Kinetic Tensor method

Fij = z pi(WMp;(V)/m, ,j=xy,2
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¢ — 1, Distribution (Z=2,0 - 2x
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