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Transport model simulations of
Intermediate-energy heavy-ion collisions

Heavy-ion Mean-field

experiments . . potential
Transport simulations t

Main approaches: Nuclear EOS, E;,
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Initialization Mean-field potential NN scatterings



A multiphase transport (AMPT) model
with string melting

Structure of AMPT model with string melting
A+B

Lund string fragmentation function
b(In2 + pf)

V4

HLJING energy in hucleon
excited strings and minijet partons spectators

-

f(z)=z'(1—2z)"exp {_

F PR z : light-cone momentum fraction
ragrent N0 parions

Parton scattering cross section

do _9ma’( )1 ; 9o’
= + . g =
dt 2s” s \t—u’ 2u’

ZPC (Zhang's Parton Cascade)

titl parton freeceout

Quark Coalescence
ART (A Relativistic Transport model for hadrons)

a: strongcoupling constant
K: screening mass

a, b: particle multiplicity
o, 1: partonic interaction
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Turn on hadronic mean-field potentials
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hadronic potentials for particles and antiparticles
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hadronic potentials for particles and antiparticles

Introduced with
test-particle method

In baryon-rich and neutron-rich matter:

« Baryon potential: weakly attractive -
Antibaryon potential: deeply attractive Sub threshold

K* potential: weakly repulsive " particle production
K- potential: deeply attractive
nt potential: weakly attractive
7 potential: weakly repulsive

—_—

} Chiral perturbation theory



Effects of mean-field potentials on elliptic flow
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FItAMPT parameters at RHIC-BES energies

D‘B T Lé1 1.5- T T I:l.l'.l1 G.E_ — T T T T T T Il:_l.l':'ll
500 r T T T T T T T T T T - 1.0¢ 1 0.2¢ T
0.4} 7.7 GeV 1 - - 7.7 GeV :
: —k— PHOBOS, 19.6 GeV, 0-6% : | 05} 0.1t .
0.0 pb——————== 7 D_ID_ e G_D_ =gt 2
2 - . D4 1.0+¢ G ] 0.2} 7
41 11.5 GeV . 11.5 GeV - s ]
- e 05/ e _ 01l 11.5 GeV A
ME CH:I t L {EIS GG [ Tttt “53 G'D —r—t—T 1 [fl.:d-l
= “1.0¢ 1 ~=0. E
1 = 04 196GV | 196 GeV 1= 9.6 GeV
: ; g _ e 0.5t | o 017 N
_ -‘1,3' 776 “':: 0.0 st ———————y Ery 0.0 - ¢ oo 0.0
- S 04- G 1.0 27Gev | 02} 27 GeV
- - - 41 27 GeV : s e - e
6 4 2 0 2 4 6 _ e 05l M | o4l k
n I
(] S —— :{55] D.ID_ SNBSS :{55] GD F= L'-'-‘El
O STARdam - —AMPT 0.4 - G 101 G | © 2
[ - 41 39 GeV : s 39 GeV - 39 GeV
0.1+ 7.7Gev L _s.r—-g-H "'"'T"’I- 05} 0.1}
0.0/ | = Tl {Ha] D(]-n — . D{]- N ' | GL‘J
01k 1156eV r__,.,._;-_-}—;:"'—f-'{_ D 4 8 1216 20 0 4 8 12 16 20 0 4 8 ‘12 16 20
il Y —p———R=R =
ool () t (fm/c) t (fm/c) t (fm/c)
a0l ——— n——Ful . .
01 1966V eeem Tt F o ET (_; Lund string fragmentation parameters,
="0.0 = | " | " } " | " c o . . .
oql 27Gev I e Parton scattering cross section, parton life time
’ L __—.—'"".S-—- == ¥
0.0 F':"FT-. : | : } : | : (d) ’
01 L 39Gev ﬁ:ﬂr‘.ﬁ-{ﬁng?f'% -,I_-
ol @ Pseudorapidity distribution, elliptic flow,

00 04 08 12 6 20 energy density at chemical freeze-out
:




Effects of hadronlc mean- fleld potentlals on elllptlc flow splitting
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Effects of mean-field potentials on HBT correlation
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dN/dt (c/fm)

Effects of hadronic mean-field potentials on HBT correlation

later emission and

broader emission time distribution

larger HBT radius
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Effects of hadronic mean-field potentials on HBT correlation
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A multiphase transport (AMPT) model
with string melting

Structure of AMPT model with string melting
A+B

Lund string fragmentation function
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HLJING energy in hucleon
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Turnpn partonic mean-field potentials

Quark Coalescence

"ART (A Relativistic Transport model for hadrons
— el

Parton scattering cross section
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a: strongcoupling constant
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a, b: particle multiplicity
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Turn on hadronic mean-field potentials



3-flavor Nambu-Jona-Lasinio transport model
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Phase diagram from NJL model
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Fierztransformation:R, = 0.5

Hadronization happens

Vector meson-mass spectrum: R, = 1.1 When chiral symmetry
is broken, i.e.,, M*>M,, /2
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v, right after hadronization Final v,
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EQOS effects on the directed flow
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EOS of quark phase from NJL
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Directed flow from AMPT+NJL

‘\}SI\II\I(GeV)

preliminary
Au+Au@11.5GeV R =0.0 8] 81 _ ,
' v Au+Au@19.6GeV R =0.0 AutAu@z7GeV  R,=0.0 |
I . 44 4-
1 ! { ;
T Lo *T; gi* sg ¥ ?_\io I % * »xsz £ *ét i § 04 o Yo% 5?«.* LN
- : - ® - o . 7 = . 1% w}:
, ! :
. I\ -4 -4
* pSTAR e pAMPT ;
© PSTAR © PpAMPT 3
, . . . . -8 : : -8 : :
-1 0 1 -1 0 1 -1 0 1
. y . y y
it p) _ )
» |Fitting problem?, . o . 6_ R =0 R =11
o 3] v * . .
* | large -' . | . overestimate
i i 4z splitting X 0 5 :—% s .
: i 2 L g 1 \ysplitting?
-2 ’ + l ! ;}-3 T ( ; o - I ] ol i’ )
i T ! 'R
] = L R =11 ~ & o
4 b 3° . ﬁ %
' i ;o9 91, AWPT . STAR
1 1 o3 ' «p ] =P
° A a -12- = . 2
| | °p © P
0 10 20 30 40 0 10 20 30 40 50 '150 10 20 30 40 O 10 20 30 40 50

Vs (GeV)



Spin effects on high-energy nuclear reactions - polarization

— Z/ A polarization o .
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Vorticity leads to same A(A) polarization
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Spin dynamics In intermediate-

and low-energy heavy-ion collisions SI B U U 12
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Density evolution in HIC
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Spin polarization from vector interactions

Consider quark spin in NJL Hamiltonian

real magnetic field
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Effects on the different baryon and
antibaryon polarizations
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Baryon spin: quark spin, gluon spin, quark angular momentum, ...
Zhang-Zhu Han and JX, arXiv:1707.07262 [nucl-th]



Rapidity dependence of polarization
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Itis of great interestto confirm experimentally
whether baryons have a stronger polarization than antibaryons at large rapidities.

Zhang-Zhu Han and JX, arXiv:1707.07262 [nucl-th]



Summary

Effects of mean-field potentials on

Elliptic flow splitting between particles and antiparticles
Directed flow splitting between particles and antiparticles
HBT correlation, radii, and chaoticity parameter

Different polarizations of quarks (baryons) and antiquarks
(antibaryons)
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Needs further improvements on
* Coalescence to reproduce better baryon/antibaryon ratio

* Finitethickness for initial partons and spectator nucleons and others ...

e |Initialenersv conservation



AMPT coalescence

Histogram of coalescence distance in coordinate space (dr) and in momentum space (dp)
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v, from different coalescence treatments

Elliptic flow of initial hadrons from different coalescence treatments:
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Correct ART/AMPT charge violation

1) Correct inelastic channels where charges are not conserved

Subroutine for inelastic scatterings A+B->C+D

Z1 = charge of A+B

R 2

Sample branches for
Inelastic scatterings ...

3=

Z2=C+D

R 2

If(Z1.ne.Z2)

2) Correct charge violation by turning off K° and K°-bar



S (GeV) A R, (fm) | R. (fm) | R (fm)
cascade |[0.673 1 0.007|5.58 £ 0.034.75 1 0.03 (4.39 £ 0.03
7.7 | mean-field |0.719 4 0.007|6.16 + 0.04|5.53 4+ 0.04 |5.51 4+ 0.04
expt. 0.532 4+ 0.007[5.57T4+0.13|4.934+0.10|5.01 +£0.11
cascade |[0.663 £ 0.007|5.59 £ 0.03(4.72 1+ 0.03 [4.39 £ 0.03
11.5 | mean-field [0.704 + 0.007 | 6.33 + 0.04 | 5.54 + 0.04 |5.67 4+ 0.04
expt. 0.508 £ 0.004|5.68 £ 0.07|4.79 &+ 0.05|5.43 4+ 0.07
cascade [0.656 1 0.007|5.60 £ 0.034.78 = 0.03 [4.43 £ 0.03
19.6 | mean-field |0.698 + 0.008 | 6.30 4+ 0.04|5.48 + 0.04 |5.76 4+ 0.04
expt. 0,498 £ 0.002[5.84 +£ 0.05|4.84 4+ 0,03 |5.80 4+ 0.05
cascade |[0.651 &£ 0.007|5.60 £ 0.034.78 == 0.03 [4.49 £ 0.03
27 | mean-field [0.689 4 0.008 |6.41 + 0.04|5.51 + 0.04 |5.88 4+ 0.04
expt. 0.492 £ 0.002[5.82 £ 0.03|4.80 4+ 0.02|5.99 4+ 0.04
cascade |[0.655 1 0.007|5.63 £ 0.034.79 1 0.03 [4.55 £ 0.03
39 | mean-field |0.678 + 0.008 | 6.42 + 0.04|5.53 + 0.04 |5.95 4+ 0.04
expt. 0.491 +£ 0.004 | 5.86 +£ 0.07(4.97 4+ 0,05 |6.18 4+ 0.08




Equations of motion for solving
Boltzmann equation

Substitute

drg dpods
(2mh)?

into the Boltzmann-Vlasov equation

exp{is « [p — P(ropos, 1)]/h} 8[r — R(ropos. )] f (ropo, fo)

flrp.t) =

Gf(?"p.f) p . p) h
- - -V, 1) _ Zan) oV ofly L B
df m Jrp, 1) h 5lﬂl 21?1’ ?p }1" (r, I)f(’r‘p.f] =

First term:
af (rp.t) drg dpgdsf( r }_(—is] P
: T "
Y ik 0P0 100 === " 7

x expfis - [p— P(ropos, 1)]/h}é|r — R(rgpgs, t)]
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x (Vpé|lr — R(rgpops. t)]) - 0 R(ropos, HXE}I]‘



Noting that

VRélr — R(ropos.t)] = —V,.é[r — R(ropos, 1)]

drg dpod
So f IO f(ropo- 1o) explis - [p — P(ropos. 1)]/h}
(2mh)-

x (=V,.8[r — R(ropos,t)]) - 0 R(ropos, t)/0t
dR(rypgs, 1)

— .V, 1),
Y frp,t)

The potential term:
2 h v
_ SiHi%?: : Tf';f } Viir,t) f(rp, 1)

h
1 [drygdpgds
- Ef (2mh)3

x exp{is « |[p — P(ropos, t)|/h}é|r — R(ropos, )]
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i
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Put everything together:

dR(rgpos, I
|:_1‘_ (7o Po ]+£] -V, f(rp, 1)

ot m
drodpgds (—18) 0P
+f Qrnh) f':'r“p“‘m}[ Y
V(ir—5.0)—-V(r+3,0]
B i ]

x exp{is - |[p — P(ropos, t)]|/l}
x 8|r — R(ropgs, )] = 0.

Momentum-dependent potential:

. . One more term in BV equation
‘ Equations of motion:

SR p +%singvvp.v:}/(R,P,t)f(R,P,t)
o
ar iy %:E_I_va
oP a m
—=V[(R-=1) =V s oP
o= (R z‘r) | (R+2,r)f ) = VV(RY
a'"'-'erA

Calculate phase-space distribution function J (7', P:1) = N glr — ri(H1glp — pi(1)]

=1



Euler-Lagrange equation, Calculated from Eq. (8),
['y“(ié‘“ - Ap) — Mi]wi =0. (8) i@ﬂ/)i = [’}fo'yk(—iak + Ak) + ’]/UM@' + AU]’Q[)@. (13)

Space and time components of the Hamiltonian operator,

vector potential,
H=2""(pp+ A) +1°Mi + Ay, (14)

Ay = Bigvpo + Qiey, 9)
A = Bigyp+ QieAp, (10) Single-particle Hamiltonian,
. 2 70 S S
with gy = 3Gv, po = (¥77¢) and H=\G-Ap+ M =g (Vx A+ 4y (15
p= (V) ] .
d-(VxA) << (p-A)P+M?
The scalar and vector potential of |

the real Single-particle Hamiltonian can be further
electromagnetic field. expressed as,
e I
ep(t,t) = — Y Z,——, (11 B
(£:7) 47?271: R, -7, R, ) Y d-(VxA)
Hx M+ (-A)P>+ A - (16)

eAn(t.7) = E_ZZ”RU—n (12) 2\/Mf+(ﬁ— A)?




B. Equations of motion for partons and the extended AMPT model

=
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