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One of the source of uncertainty comes from
momentum dependent symmetry potential ~

effective mass of neutron and proton
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n/p yield ratios and coalescence-invariant nucleon double
ratios suggested sensitivity to these momentum-
dependent symmetry effects.

Questions :

1. Are the directed and elliptic flow sensitive
to possible splitting of the effective masses
of protons and neutrons? (and consistent
with YR and DR?)

2. Do the flow results for different particle
species give consistent conclusions?

Clusterization? < Flow parameters < m;/m &m,/m?

!

7

Afterburner ?

3. What are the effects of secondary decays?
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“ Experiment and impact parameters

The 4t INDRA campaign Impact parameters for experimental data :
1. Impact parameter estimated by model independent

method -> MPV = 0.32 b, is selected

Impact parameters for ImMQMD calculation :
1. INDRA Filter applied
2. 5 selected impact parameter due to computing source

x10°

E 505— #xe+"'Sn@100 AMeV
g = ° .. . Exp
= 455— : ; . SLy4
O 40f- .1 . = SkM*
3 .0 . |Exp: 750 < ety, < 1050 (MeV)
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« Experimental data : B
129%e + 12*Sn @ 100 MeV /u o a
by INDRA detector of g y
55— .o.. .o.
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* Event selection

Common procedure

1. Quasi complete events selection

2. Reaction plane -> transverse
momentum method

Y
3. Flow parameter correction factor + 0.2 <p{ <2.0is considered
(cos nAg) « Mid-rapidity |yxn| < 0.3 is considered for

1. Yield comparison
2. Slope of Directed flow
3. Average value of elliptic flow

p . Cm . .
pd = [%/(#)] , ¥y~ =Reduced NN center of mass rapidity

0.5*Agystem
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“* Yield CompariSOn(Light charged particles and Coalescence-invariant proton)
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SD : Secondary Decay(w/ GEMINI++)
o Pr: Primary (w/o GEMINI++)
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Only Experimental results Exp & ImMQMD comparison
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* Directed flow (Mid-y slope)
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@ Data |l stLy4sp § skm* sD
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P}
Species dependency exists

Afterburner effect is observed at low-p;

The model calculations without the secondary
decays reproduce the Cl data regardless of the
parametrization options.

Directed flow seems weakly sensitive effective
mass splitting
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“ Elliptic flow (Mid-y average)
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* In ImQMD, the elliptic flow results are not
affected by the secondary decays.

o

o

(&)
I

« d, t, *He, CIp&CIp —p prefer SkM* in the
measured p} range

o + The data for *He is closer to the model
t calculations with SLy4 in the measured p? range.



“ Elliptic flow (Mid-y average)

129%e + 12*Sn @ 100 MeV /u

124112g, | 1241126, @ 19 MeV/u

(b) 120 MeV/u — Ip-p
1.6 @ Data .. OFef P e o
a . % Famiano -('2 TR TR f A
£ _ | msLys S
g 14 '-" -SkM* />\N
: : < -0.05 -+
1.2k " @ Data | sLy4sp ] skm* sD
-~ PR B PR U —— Fo FrTT—— l l l l 1 |%Sl‘yé‘iPr%Skllvl*Pr l L
0 20 40 60 80 100 0 0.5 1 1.5 20 0.5 1 15 2

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

* Cl nucleon, w/o afterburner



Summary A

1. Elliptic flow is almost not affected by secondary decay , but directed flow
is sensitive to the afterburner.

2. Elliptic flow for d,t, *He, Clp & Clp — p prefer SkM* (mj, > m5,).

3. Directed flow shows very little sensitivity to the difference of two sets of
parameterization.

4. Systematic investigation of species-dependent LCP flow to disentangle
cluster formation, secondary decay, and mean-field effects.



Thank you very much






* K, difference between two Skyrme

Ksym difference between two Skyrme can be the main reason of
experiment and ImMQMD comparison result of this study(elliptic flow)?

Para Po E, K, So L
SLy4 | 0.160 | -15.97 | 230 32 46
SkM* r_g.1_6_o_“ 1577 | 217 | 30 | 46
Il Kgpm | m'/m jm,/m my/m I
Slya | -120 | 069 \ 068 | 0.71 \
Skm* { _-156 | 079 | 082 | 0.76 j
P +£(p—po)+Ksym(p—po)2
T T30 pg 18 \ po

» Sensitivity of elliptic flow ratio to Ky, is expected to

be maximum around ”°Au + "°Au @ 250 MeV/u
(D. Cozma, Eur. Phys. J. A (2018) 54: 40)

« Under 250 MeV/u, v} — v} sensitive to effective mass
splitting and Ej,,, is comparable.
(Tong et al.,, Chinese Physics C 44, 074103 (2020))
-> In our case, Sy & L are similar and quadratic term
K., Noticeably different

Additionally, previous two study (PHYSICAL REVIEW C 94,
011601(R) (2016) & physics Letters B 732 (2014) 186-1 90) used
two Skyrme parameter sets to study influence of
effective mass splitting.



“+ Analysis procedure :
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“* Event selection for quasi complete events

previous study (The European Physical Journal A50.2 (2014): 33.) used total detected charge number selection

(Zgetectea = (0.77~0.8) * system)
-> too low statistics & too central collisions so & consistent b range, this method + Additionally Caterina’s thesis

5 22000f
o
O 20000}
18000}
. 16000}
i i /pTOJ saiob
g Z'vs E Plab/ Piap s
12000
10000
8000 H
6000
4000
2000}
ot Lo
0 80 100 120
2Z
=
ésom-

& 04< Y plop/pliy) <1




Count (Scaled)

ety, distribution
— Before selection : solid symbol

After selection : empty symbol(about 40% of before selection)
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et,, [MeV

1.

2.

et;, < 750 (MeV) region
is mainly affected by
quasi event selection cut

After selection, MPV ~
500 MeV) and 50% of
MPV : 300~1000 (MeV)

Using model
independent
method,IW1 selection is
correspond to MPV of
estimated impact
parameter ~ 0.32 b,.



“*Weighting to ImQMD calculation
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Example figure of weighting to ImQMD



Without
GEMINI+ +

With

GEMINI + +

129Xe+124Sn @ 100 MeV/u

x=0.879 0:=1.606 p=-0.822
x=2.945

. SkMs

<COSA®D> : 0.987 + 0.00030
<COS2AD> : 0.949 + 0.00111

129Xe+124Sn @ 100 MeV/u

%,=0.869 0=1.529 p=-0.835
x=3.028
SLy4

<COoSAD> : 0.987 + 0.00032
<C0S2A®> : 0.948 + 0.00122

129Xe+124Sn @ 100 MeV/u
=0.913 a=1.541 p=-0.690
=2.321

<coSAD> : 0.974 + 0.00022

<CO0S2AP> : 0.905 + 0.00071

129Xe+124Sn @ 100 MeV/u

=0.910 a=1.477 p=-0.703
Ay px-z 360
SLy4

<COSAD> : 0.974 + 0.00023

<Cc0s2A®P> : 0.902 + 0.00076

0 > m=[rad]

(cos nAg)

Experiment

129Xe+124Sn @ 100 MeV/u

X =0.776 0:=1.232 p=-0.498
x=1.550

<cosA®P> : 0.90 + 0.001
<C0S2AD> : 0.70 + 0.002




