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Xe + Sn @ 100 AMeV

and Ni + Ni @ 52 AMeV
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Collective flow

Fourier expansion of azimuthal distribution

x  Reaction plane:
Xz plane
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Data sets

Experiment and ImQMD with 2 parameter sets

INDRA 4th campaign at GSI (1998-1999)
(INDRA-ALADIN collaboration)
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E789 at GANIL (2019.4->5)
(INDRA-FAZIA collaboration)

129’124X€ _|_124,112 Sn

@ 100MeV/u

64’58Ni _|_64,58 Ni
@352MeV/u

ImMQMD with 2 Skyrme parameters
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Impact parameter windows
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Reaction plane reconstruction and correction factor

Transverse momentum method

N
Q= Z (P, + M;V})

I#POol

| <cosAD> :0.89 +0.001
{| <Cos2Ad>:0.68 +0.002

{| 124Xe+124Sn @ 100 MeV/u
b| % =0.764 0:=1.228 p=-0.482

x=1.502

7 o

{| <cosA®>:0.93 +0.001

{| 124Xe+124Sn @ 100 MeV/u §|
| x.=0.793 0=1.452 p=-0.542

x=1.657
SkMs

{| <cos2AP>:0.78 +0.003

t| <cosA®> : 0.92 + 0.001

|| 124Xe+124Sn @ 100 MeV/u
| x.=0.782 0=1.367 p=-0.553

x=1.655
SLy4

| <c0s2A®> : 0.76 + 0.003 i

{!| Ni64+Ni64 @ 52 MeV/u ||
it %.=0.219 a=1.195 p=-0.066 | |

¥=0.320

it| <cosA®>:0.29 +0.143
§1| <c0S2AP>:0.14 +£0.062

64Ni+64Ni @ 52 MeV/u
| x=0212 a=1.150 p=-0.049

SkMs

Too large

, 64Ni+64Ni @ 52 MeV/u
x,=0.210 0=1.146 p;:%%%%
i SLy4 T Error!
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<p:,> 124Xe + 124Sn 100AMeV Z:2 (O -> 27)
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p;, windows

<v..> -0.909 -0.727 -0.545 -0.364 -0.182 0.(;00 0.182 0.364 0.545 0.727 0.909

yY windows
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0 64Ni + 64Ni 52AMeV Z:2 A:0

p, windows

<y..> -0.909 -0.727 -0.545 -0.364 -0.182 0.000 0.182 0.364 0.545 0.727 0.909
A

yY windows
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Direct flow vs y? Elliptic flow vs yO

-+ SlLy4 ¥ SkMs IW1, Fit ty = ax?+b, 0.35<p'<0.60 ¢ Exp -+ SlLy4
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L K Sl S R, = Yoi(n)/Yoi(p)  DR(n/p) =

SLy4

(a) 50 MeV/u

DR(n/p)

1.5 o

b) 120 MeV/u

1.6 ® Data
+ Famiano

B SLy4
1.4 B SkM*

DR(n/p)

1.2 b

Ecm (MeV)

-120 0.69 0.68 0.71

SkM*

-156 0.79 0.82 0.76

PHYSICAL REVIEW C 94,011601(R) (2016)

PHYSICAL REVIEW C 109, 054624 (2024)

Ext. : extended Skyrme MDI

Stand. : standard Skyrme MDI
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SkM* -156 0.79 0.82 0.76

e ; 1246 4124 S @ 100MeV/u
N1+>" N1@52MeV/u | With correction factor

EW1 p? vs v, Slope ©Exp #SLy4 ¥ SkMs IW1 pf vs v, Slope © Exp

A SLy4 ¥ SkMs
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64N +%* Ni @ 52MeV/u

EWI1 p? vs v, Offset
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IW1 isotope vs v, Slope OExp ASLy4  4*SkMs
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Summary

1. Compare Experimental and ImQMD with 2 Skyrme parameters data using
v, slope and v, oftset.

2. Vi and v, results of two model calculation using Ni+Ni @ 52 AMeV are not show
clear difference and also models can not predict experimental results.

3. v of Xe+Sn @ 100 AMeV from two parameter sets are not show specific
difference relate to N/Z of fragment and also non of model predict experimental

result especially at low pto regions.

4. v, from 2 parameters of Xe+Sn @ 100AMeV are represent clearly differences
and this are affected by N/Z ratio of fragments.



Conclusion

1. Direct flow seems not sensitive to iIso-vector effective mass difference.

2. Elliptic flow is more sensitive to iso-vector effective mass splitting of proton and

neutron but direct flow is not in this energy region.

3. Effective mass of proton much heavier than value of SkM* at over

E, ~ 55MeV/u but little heavier below E, ~ 55MeV/u.

4. Effective mass of neutron is lighter than SkM* and heavier than SLy4 at below
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04.98Ni +°*% Ni@ 52MeV/u

Ni58+Ni58 @ 52 MeV/u

7,=0.390 a:=1.169 p=-0.175
2=0.607

<cosAd> : 0.51 +0.018
<cos2A9>:0.24 =0.016

Ni64+Ni64 @ 52 MeV/u

%,=0.219 c=1.195 p=-0.066
7=0.320

<cosAd> 1 0.29 -0.143
<c0s2:P>: 0.14 +0.062

Ni58+Ni64 @ 52 MeV/u

7,=0.345 a=1.165 p=-0.147
%=0.528

<cosAd> :0.45+0.014
<cos2A%>: 0.20 +0.010

Ni64+Ni58 @ 52 MeV/u

1,=0.322 1¢=1.169 p=-0.122
7=0.486

<cosAd> 1 0.42 +0.002
<c0s82A4>: 0,19+ 0.003

58NI+58N| @ 52 MeV/u

£,=0.208 =1.141 p-im

SkMs

<cosAd> : 0.27 + 0.654
<cos2Ad7> : 0.11 + 0.206

S8NI+58NI @ 52 MeV/u
x.=0.214 u=1.152 p=-0 -y

SLy4

1

PVt

<cosAd> : 0.28 + 0.550
<cos2Ad>: 0.12 £ 0.195

64NI+64NI @ 52 MeV/u

X =0.212 a=1.150 pﬁ%g

SkMs

<cosAd> : 0.27 + 0.591
| <cos2Adn> : 0.12 +0.201

64Ni+64NI @ 52 MeV/u

1 =0.210 ¢=1.146 p:iga

SLy4

P TSNS

<cosAd> : 0.27 £ 0.590
<cos2Ad=> : 0.11 £ 0.200

0-m

58NI+64NI @ 52 MeV/u

%,=0.203 a=1.142 pﬁ%

SkMs

<cosAd> : 0.26 + 0.642
<COS2A0> : 0.11 = 0.204

64NI+58NI @ 52 MeV/u

1=0217 0=1.159 p=0.052

SkMs

<cosAd> : 0.28 1 0.530
<COS2A0> : 0.12+0.193

129,124 e +12+112 Sn @ 100MeV/u

129Xe+124Sn @ 100 MeV/u
X =0.776 a=1.232 pe-o m

<cosAd> : 0.89 + 0.001
| <cos2A®> : 0.70 + 0.002

129Xe+124Sn @ 100 MeV/u
x.=o 808 =1.468 pe-o 561

1=1.724
"*-.Q SkMs

‘Q'-*m

<cosAd> : 0.93 + 0.001

- <Ccos2Ad» : 0.80 + 0.003

124Xe+124Sn @ 100 MeV/u
%, =0.764 0=1.228 p=-0 %

<cosAd> : 0.89 £ 0.001
<cos$2A0> : 0.68 + 0.002

124Xe+124Sn @ 100 MeV/u
1‘=0 793 0=1.452 p=-0 %

e SkMs

\\w

<cosAd> : 0.93 £ 0.001
<cos2Ad> : 0.78 = 0.003

1'=0.764 a=1.241 p;(%ﬁ:i

<cosAd> : 0.89 £ 0.001
<CO$2Ad> : 0.69 + 0.003

129Xe+112Sn @ 100 MeV/u
x =0.796 «=1.476 p=~o

‘\\
<cosAd> : 0.94 + 0.001
<C0os2Ad> : 0.80 = 0.003

129Xe+112Sn @ 100 MeV/u

124Xe+112Sn @ 100 MeV/u
1,=0.756 0=1.234 p=0.483

<cosAd> : 0.88 £ 0.001
<Ccos$2A0> : 0.68 + 0.003

124Xe+112Sn @ 100 MeV/u
l.=° 776 a=1.424 p aq ﬁ%

\

<cosAd> : 0.91 +0.001
<Ccos2A0> : 0.75 £ 0.003

S8NIi+64Ni @ 52 MeV/u

1,=0.217 «=1.154 pﬁ%ﬁg

SLya

T e R

<cosAd> :0.28 + 0.516
<COsS2Ad>: 0,12+ 0.189

64Ni+S8NI @ 52 MeV/u

1, =0.204 =1.126 0;3%

SLy4

<cosAd> : 0.26 £+ 0.688
<Cc0s$2A9> :0.10 £ 0,203

129Xe+124Sn @ 100 MeV/u
x =0.784 ¢=1.375 p=-0 %%L

SLy4

<cosAd> : 0.92 £ 0.001
<cos2Ad> : 0,76 + 0.003

124Xe+124Sn @ 100 MeV/u
1 =0.782 a=1. 3679:-0%&

SLy4

\

<cosAT> : 0.92 £ 0.001
<cos2Ad7> ; 0.76 £ 0.003

“*o-:';

129Xe+112Sn @ 100 MeV/u
=0.784 =1.403 p=-0.
%=0.704 =143 20 T

T

- —-—

<cosAd> : 0.93 £ 0.001
<Ccos2Ad> : 0.79 £ 0.003

:.:*

_M'

124Xe+112Sn @ 100 MeV/u
1 =0.767 =1.352 p=-0 m

SLy4
‘.

e

‘_.‘._;__

<cosA®> : 0.91 £ 0.001
<cos2Ad> ; 0.73 £ 0.003

rad]

0 > n=n|rad]



Stand. : standard Skyrme MDI

PHYSICAL REVIEW C 109, 054624 (2024) Ext. : extended Skyrme MDI 55MeV/A = ptO ~ 1.5 forXe -+ Sn @ 100AMeV

120 MeV/u

2.0 1.8

L=46 MeV

B Ext.
=\ Stand.

N
N
\s‘

1.5

E. /A > 55MeV/IA

E./A > 55MeV/IA

S0 100

TABLE II. The parameters used in the calculations corresponding to Ky = 230 MeV, m;/m = 0.77, S, = 32 MeV, and different values of
L and f;. The parameters «, B, Asym, Bsym are in MeV. C, and D, are fm? /GeV.

Para. (L = 46, f; =0.3) (L =46, f; = —0.3) (L = 100, f; = 0.3) (L = 100, f; = —0.3)
o —236.58 (—265.78)
p 163.95 (194.93)
f] = O.3(m *n < m* ) y 1.26 (1.22)
P Agym 83.65 (108.44) 58.57 (62.73) 14.41 (25.32) —10.67 (—20.40)
Boym —79.48 (—103.69) —30.52 (—35.38) ~10.25 (—20.34) 38.72 (47.96)
fI = —0.3 (m * " > m* p) Co ~7.92 x 107* (—2.08 x 1073 0.37 (1.00) ~7.92 x 107* (—2.08 x 1073 0.37 (1.00)
Dy 0.37 (1.00) —0.37 (—1.00) 0.37 (1.00) ~0.37 (—1.00)
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64Ni +%* Ni @ 52MeV/u
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IW1 isotope vs Vi Slope
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