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Nuclear symmetry energy

Nuclear Equation of State(NEoS)
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Collective flow

Fourier expansion of azimuthal distributions :
dN

d(ϕ − ψ')
=
N$
2π

1 + 25
()*

𝐯𝐧 cos n(𝜙 − 𝜓,)

where, ψ' ∶ azimuthal angle of reaction plane

Direct flow : 𝐯𝟏 ≡ cos 𝜙 − 𝜓I = J∥
J"
	

+𝐑𝐏∥

Beam direction

ρ = ρ t
U-./ = U-./(ρ, δ)

P∥ vs PQ

−P∥ vs P∥

Reaction
Plane 𝐑𝐏'

𝐑𝐏∥

−𝐑𝐏∥

Elliptic flow :	𝐯𝟐 ≡ cos 2(𝜙 − 𝜓") = #∥
#$#$#

# "#
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• Currently, ImQMD calculations have been 
performed only for Xe+Sn @ 100MeV/u.

• 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(

Experiment and ImQMD
INDRA 4th campaign at GSI (1998-1999)

(INDRA-ALADIN collaboration)

E789 at GANIL (2019.4->5)
(INDRA-FAZIA collaboration)

UE
VDW,VDEXe + UX

VDE,VVDSn
@ 100AMeV

DY
ZE,UYNi + DY

ZE,UYNi
@ 52 AMeV

ImQMD with Skyrme parameter sets 
+ GEMINI++

Para 𝝆𝟎 𝑬𝟎 𝑲𝟎 𝑺𝟎 𝑳

SLy4 0.160 -15.97 230 32 46

SkM* 0.160 -15.77 217 30 46

𝑲𝒔𝒚𝒎 ⁄𝒎∗ 𝒎 ⁄𝒎𝒏
∗ 𝒎 ⁄𝒎𝒑

∗ 𝒎

SLy4 -120 0.69 0.68 0.71

SkM* -156 0.79 0.82 0.76
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Impact parameter and Reaction plane

Transverse momentum method

𝐐 = I
_ ` J.b._

c

ω_ 𝐩𝐢𝐭 −m_𝐯f M ω_ = Z_ ygh > 0
ω_ = −Z_ ygh < 0

Bayesian estimation method

IW1 IW2 EW1 EW2

et01 [MeV] 750~1050 510~770 245~720 180~230

b( 0.21~0.42 0.35~0.55 0.05~0.4 0.23~0.55

Reaction plane dispersion 
Correction factors

IW1 IW2

EW1 EW2

where, 𝐯f =
𝐩n
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Xe + Sn @ 100AMeV Ni + Ni @ 52AMeV



𝐯𝐧𝐬 𝐯𝐬 𝐲𝐜𝐦𝟎
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𝐯𝐧𝐬 𝐬𝐲𝐬𝐭𝐞𝐦 𝐬𝐢𝐳𝐞 𝐬𝐜𝐚𝐥𝐞𝐝 𝐯𝒏
= g𝐯𝐧 𝐩𝐭

(𝟎) 𝐀𝐏
⁄𝟏 𝟑 + 𝐀𝐓

⁄𝟏 𝟑

−1 10

yghX = i
⁄ygh ygh~ ygh > 0
⁄ygh ygh� ygh < 0pUV = '⁄pU A ⁄2pUW AWXY



Compare with Isobaric system study

Z=2

E�����f�� > Ec_�c_f��Slope���_g� > Slope��Jbb�

PhysRevLett.78.1022(1997)

PHYSICAL REVIEW C 82, 014604 (2010)

IQMD
Open Yellow : n-rich w/ reduced coulomb
Solid Yellow : n-poor w/ reduced coulomb

Open Green : n-rich w/ full coulomb
Solid Green : n-poor w/ full coulomb
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Flow : Slope of 𝑃2 linear fit 

−0.5 < ⁄y y3456
78 < 0.5



Isobaric

⁄𝑏 𝑏9:2 ≈ 0.48

Isotopic

IW2 0.23 < b( < 0.55
⁄p; A > 70 ⁄MeV C

Coulomb is not 
constrained

System size
(# of nucleons) 

is not constrained
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EW1 Ni + Ni @ 52 AMeVIW1 Xe + Sn @ 100 AMeV 8(1)/13



IW1 Xe + Sn @ 100 AMeV

Z=2
w/o 4He

Z=2
w/o 4He

Z=2
w/o 4He

Z=2
w/o 4He

EW1 Ni + Ni @ 52 AMeV 8(2)/13



Correlation between N/Z of fragments and systems

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?

𝐯𝟏𝐬 𝐒𝐥𝐨𝐩𝐞 𝐃𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐜𝐞
= vRS Slope\]^\ ⁄` a SbSUcd − vRS Slopeefg ⁄` a SbSUcd

𝐯𝟐𝐬 𝐎𝐟𝐟𝐬𝐞𝐭 𝐃𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐜𝐞
= vTS Offset\]^\ ⁄` a SbSUcd − vTS Offsetefg ⁄` a SbSUcd
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E789  Ni + Ni @ 52AMeV

𝑍 = 1 𝑍 = 2 𝑍 = 3 𝑍 = 4 𝑍 = 1 𝑍 = 2 𝑍 = 3 𝑍 = 4

Δ ⁄𝑁 𝑍 ∶ 0.198

Δ ⁄𝑁 𝑍 ∶ 0.198
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INDRA Camp 4th Xe + Sn @ 100AMeV

𝑍 = 1 𝑍 = 2 𝑍 = 3 𝑍 = 4

𝑍 = 1 𝑍 = 2 𝑍 = 3 𝑍 = 4

Δ ⁄𝑁 𝑍 ∶ 0.164

Δ ⁄𝑁 𝑍 ∶ 0.164
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𝑍 = 1 𝑍 = 2 𝑍 = 3 𝑍 = 4



124 + 124 − 124 + 112
Δ ⁄𝑁 𝑍 ∶ 0.117

129 + 112 − 124 + 112
Δ ⁄𝑁 𝑍 ∶ 0.048

129 + 124 − 124 + 124
Δ ⁄𝑁 𝑍 ∶ 0.047

129 + 124 − 129 + 112
Δ ⁄𝑁 𝑍 ∶ 0.116



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 ImQMD 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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Summary
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Back Up
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Bayesian estimated reduced impact parameter
IW1 IW2 EW1 EW2

et01 [MeV] 750~1050 510~770 245~720 180~230

b)(FWHM) 0.21~0.42 0.35~0.55 0.05~0.4 0.23~0.55
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Estimated reaction plane dispersion(using ImQMD)

Transverse MomentumAzimuthal Correlation Tensor

Xe + Sn @ 100AMeV bV ∶ 0.1,0.2,0.3,0.4 & 0.5

𝜙ijkl − 𝜙mnkopq
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IW1 IW2

Θ<=>? [degree] Θ<=>? [degree]

Kinetic Tensor	method

𝑭!" = *
#$%&!

𝑝! 𝜈 𝑝" 𝜈 /𝑚# 𝑖, 𝑗 = 𝑥, 𝑦, 𝑧

𝐹'' 𝐹'( 𝐹')
𝐹(' 𝐹(( 𝐹()
𝐹)' 𝐹)( 𝐹))

→
𝜆* 0 0
0 𝜆+ 0
0 0 𝜆,

𝜆, ∶ 𝑙𝑎𝑟𝑔𝑒𝑠𝑡 𝑒𝑖𝑔𝑒𝑛 𝑣𝑎𝑙𝑢𝑒
𝜆,' , 𝜆,

( , 𝜆,) 𝑒𝑖𝑔𝑒𝑛 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑙𝑎𝑟𝑔𝑒𝑠𝑡 𝜆,

𝜃-.&/ : Polar angle G𝜆,
i.e. angle between G𝜆, and H𝑘(beam 

direction)

𝑥=:@

𝑦=:@
𝑧=:@

𝜆A

𝜆0

𝜆1
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IW1 Xe + Sn @ 100 AMeV

Z=2
w/o 4He

Z=2
w/o 4He
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EW1 Ni + Ni @ 52 AMeV

Z=2
w/o 4He

Z=2
w/o 4He



P' vs P(
Z = 2

IW1

IW2

3He 4He 6He

3He 4He 6He
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