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&% High energy nucleus-nucleus collisions

Micro-bangs in A+A collisions at laboratory

QGP and

hydrodynamic expansion
initial state
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chemical freeze-out

kinetic freeze-out

Physics:
1) Parton distributions in nuclei
2) Initial conditions of the collision

3) a new state of matter — Quark-Gluon Plasma and its properties

4) hadronization
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&/ Initial fluctuation and intrinsic geometry

e Initial fluctuation
e |ntrinsic geometry

e Flow in small system
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Initial geometry fluctuation

W. Broniowski et al., PRC-76-054905

Participant in
center of mass
frame after
binary collision

¥ Fluctuation, significant in small system
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Nucleon from Participant initial
nuclel A and B coordinates



a-cluster nuclear structure
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Collective flow
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a~-cluster nuclei collide against heavy nuclel

W. Broniowski, E. R. Arriola, PRL-112-112501
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Collective flow in small system from experiments

Khachatryan V, et al. (CMS), Phys. Lett. B 765:193 (2017)

I T T T T I T T T T I T T T T I T T T I T T T T I T T T T I T T T T I T T I T T T T I T T T T I T T T T I T T
010 Lp+pVs=13TeV @ v§¥ (2,|An|>2)] L p+Pbsyy=5TeV | L Pb+Pb syy=2.76 TeV am B
(]
i m v, (4) ! 1L g BN |
i + v, (6) 11
I O v, (8) 1L
O Vv, (LYZ)
>N " 4t
0.05 - —
o
_ s aNgSrE ]
e |
| ® 4t
a ® 1L 1L .
0.3<pr<3.0GeV/c 0.3<pr<3.0GeV/c 0.3<pr<3.0GeV/c
i |n| < 2.4 17 ln| < 2.4 17 7| < 2.4 T
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 50 100 150 0 100 200 300 0 100 200 300
Noffllne Nofﬂlne Noffllne
0.22 _l T TT I L I L I L I L I T 1T T 7T I LI l_
T = p+Au, 200 GeV, 0-5% ]
020 » d+Au, 200 GeV, 0-5% 7
0.18 r = 3He+AU 200 GeV, 0-5%
f = SONIC p+Au \/ 030F ) wio subtraction [Anj>1.0 -+ b) LM subtraction scaled by jet ' T c) Template Fit -
0.16 - = SONIC d+Au s \/ g A 1 T i :
E —— SONIC 3He+Au . T 0.25F + I @ p+Au 200 GeV <dN/dn>=10.0 .
0.14 - - F g I I e d+Au200 GeV <dN/dn>=9.9
r N 0.20F ‘ + T 3
L 0n2F ] A .
> C ] > 0.15F & + 1 .
0.10 | . g = I ¥ ]
E ] 0.10F [ ] T T .
0.08 - . r 4 1 + I * ]
C ] oos- @ + o E i + 8 " ] .
0.06 - - r - STAR Preliminary T = i @ é T 8 B ]
0.04 & ] 0.0 Gttt T Tl L R
B . p, (GeVic) p, (GeVic) p, (GeVic)
0.02F =
ool v v b b b b L] S. Huang, Nuclear Physics A 982 (2019) 475
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

pr(GeV/c)

Aidala C, et al. Phys. Rev. C 95:034910 (2017)

S. Zhang (5k#2), IMP, Fudan,



\BNIVG
9

- —

—

e ~
7

S0

C T T 1 F T T T T T T T T T T ]
~ 0.2H(a) F®8  p+Pb220<N'<260 3 (D) -E- Pb+Pb Centrality 55-60%, V,(p. /1.25)x0.66 STAR
= = O  —©- Pb+Pb Centrality 55-60% J [ ] N L L L AL R L A B I L S B AL DL |
015f & ¢4 %o JE E [ (a) 1 (b) 10 (©
R L g ° o 1E ] 1 g 01F 8 + viu me B JF drAu e -
0.1 Og® ° o IF ¢ o 1 =~ i B JAutAu o i 1[ prAu o ﬁ
F O 1t B g 1 > i & T CutAu +o- i 1
0.05F¢® e ¢ JrC ° ® O I . - I CutCu '—;—'.! 10
of ATLAS 1F ATLAS ; O sga® (NG Y2140 T ew®® N V=07 "".'g"l'e"&"{'N'é};'ﬁ"é"z"l"i_r"é'f
e R B S N ] ! . . 1 . . 1L . . ]
O 5 10 O 5 10 1 1 1 T __I 1 T T _I 1 1 1 ]
p, [GeV] p, [GeV] -
T T T T T T T T T T T T T T T T T T T T T
= 0.4 & p:Po 220sN;;°<260 1 [(d) =2 Po+Pb Centrality 55-60%, V4(p, /1.25)
—©— Pb+Pb Centrality 55-60% - |
CS;O%OS ® IFEDDI?
L o e® 0o ® 1t =l ]
0.05 L@ 4F = ]
e Q IF = ]
Y + +
o:? ATLAS f ATLAS
e T ] S Y o]
0 5 10 0 5 10
Py [GeV] Py [GeV]
008_ T T T T T T L T T T T T T T T T ]
= (e %3 = oPp220sN<260 1 [(f) S5 Po+Pb Centrality 55-60%, Vy(p, /1.25)x0.66 ]
- C')(JI) —5- Pb+Pb Centrality 55-60% _| [ _
0.061 e + -
i O

_ il g :
NSRS

OO_ ..... s e e s 5| ...... e S 1|0._ 0_""'. ....... e e 5| ...... e e e 1]0 ..... - pT(GeV/C) pT(GeV/C) pT(GeV/C)
p; [GeV] p; [GeV]
Aad G, et al. Phys. Rev. C 90:044906 (2014) J. Adam, et al. STAR, Phys. Rev. Lett. 122, 172301 (2019)

S. Zhang (5k#2), IMP, Fudan,



&9 Jet “quenching” in small system
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Some recent theoretical works on collective flow In
small system
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Recently some theoretical works
propose the system scan in experiments
AMPT, SONIC, Hydro.

RIHC & LHC

Roland Katz, et al., arXiv:1907.03308v1

FIG. 3. D° meson v3{2} for PbPb, XeXe with spherical and prolate initial nuclei, ArAr, and OO collisions
at the LHC top energies in 0-10% (top) and 30-50% (bottom) centrality classes.
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AMPT model and a-cluster nuclei effect

e AMPT
e o-cluster nuclei effect on collective flow
e o-cluster nuclei effect on electromagnetic field

e o-cluster nuclei effect on HBT correlations
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AMPT

AMPT (a multi-phase transport model), Z. W. Lin, C. M. Ko, B. A. Li, S. Pal, PRC-72-064901(2005)

Structure of AMPT model with string melfing
A+B

HLJIING

mucleon
excited strings and minijet partons spectators

energy in

(1) initial condition (HIJING);

(2) parton cascade (ZPC);
fragment into partons

(3) hadronizition;

ZPC (Zhang's Parton Cascade)

till parton freezeout

(4) hadronic rescattering (ART)
Quark Coalescence

For high energy heavy ion collisions

ART (A Relativistic Transport model for hadrons)
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12C configuration
(@) Triangle

)

) Triangle with Euler-Rotate
) Chain with Euler-Rotate
)

S. Zhang (5k#2), IMP, Fudan,



Initial nucleon distribution (160)
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Transvers momentum spectra
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a~cluster nuclel effect on collective flow

S. Zhang, Y. G. Ma, et al., Phys. Rev. C 95, 064904 (2017); S. Zhang, Y.G. Ma et al., Eur. Phys. J. A (2018) 54
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System scan of collective flow
and o-cluster nuclel effect

S. Zhang (5k#2), IMP, Fudan,



Eccentricity coe

fficients

z (fm)

'2C configuration
(a) Triangle
(b) Chain
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v Sensitive to fluctuation
v Also sensitive to intrinsic geometry (a-cluster structure)
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Elliptic flow
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Triangular flow
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Quadrangular flow
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Quadrangular flow via EP- and PP-plane
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v EP-method and PP-method give
different system dependence of v4

v W4{EP} gradually approach W4{PP}
from small system to large one
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Ratio of flow to eccentricity
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¥ Kn increasing with the increasing of system size (most central collisions)
v Same A+A collisions with different initial structure configuration, the
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& 7= System dependence and of electromagnetic fields and

~
‘o By

Y o~cluster nuclei effect (l)

)

Li’enard-Wiechert potentials
Huang,(PRC) 85, 044907 (2012)

R 1 —
eE(Z?t)_ ZZ _’U (Rn_RnUn)

=~ e’ 1 —v; . =
eB(rzat):EZZn (R _" )3 UnXRn

|

R -

n n

Zn : coordinate position

Rn=r—r, : ris the position of source point

r, 1s the position of the n-th particle at the retarded time tn =t — |r — r,| and
t <t
Ve = Uy = 0, Ug = 1— (QmN/\/E)2 (the Lorentz contraction is considered)
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gfg System dependence and of electromagnetic fields and

' | |
35> o-cluster nuclei effect (ll)
Y. L. Cheng (£ Z#K), S. Zhang, Y. G. Ma, et al., Phys. Rev. C 99, 054906 (2019)
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v <Ex>: the asymmetric projectile and target nuclear collisions
produce stronger electric field than symmetrical collision
system

v -<By>: the magnetic field will be in the reverse trend
v a-cluster effect at semi-central collisions for chain structure
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HBT correlation and a-cluster nuclei effect (l)
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C(q. K) = [diz18(z1, p1) [ dia2S(x2, p2) (1) .
2 (PG 2
CaK) =1 fd47€;i:§f;),§§f’[()| 2 ;
&
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— (xcos® + ysin® — B t)*

(5)

S. Zhang (5k#2), IMP, Fudan,



JHBT correlation and a-cluster nuclei effect (11)

vSmall HBT-radius in collisions with triangle
nuclei structure
v Significant participant plane dependence
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Summary

FUD,qd)
‘%
XIT6>

e Collective flow change smoothly with system size in most
central collisions, Woods-Saxon distribution of nucleon

e (-cluster effect significant with the baseline from Woods-
Saxon distribution

e Symmetry and asymmetry collision system result in
different electromagnetic field effect

o HBT-radius sensitive to the a-cluster effect

* Proposal of system scan experiments, experimentally
illustrate how initial geometrical asymmetry transfer to

momentum space
Thank you for your attention!
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Collective flow with respective to participant plane

BN 1 BN
d3p 27 prdprdy
v, =< cos|n(¢ — ¥,)| >

1+ Z 2u,co8[n(¢p — U,
n—=1

atan? <<r2 it (1) e {05 (g )) o
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<cos(n[¢ — ‘Pn{PP}])>

¥, (PP} =

v { PP}

2 2
\/ < 7‘2 COS (ngb Part) > - <I’2 sin ( n ¢Part> > S.A. Voloshin et al. | Physics Letters B 659 (2008) 537-541

B. Alver, G. Roland, Phys. Rev. C 81 (2010) 054905

e PP} =

< ]/'2 > R.A. Lacey, R. Wei, J. Jia, et al., Phys. Rev. C 83 (2011) 044902

L.Ma,G.L.Ma,Y.G.Ma, Phys. Rev. C 94 (2016) 044915

Hydrodynamical calculation suggested how the initial geometry distribution (fluctuation) transforms into final collective flow

Vv
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n n—n

F. G. Gardim, F. Grassi, M. Luzum, and J .-Y. Ollitrault, Phys. Rev. C 85, 024908 (2012).
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%) Collective flow with respectlve to event plane

A. M. Poskanzer, S. A. Voloshin, Phys. Rev. C 58 (1998) 1671
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| A 08
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v {EP} = x
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S. Zhang (5k#2), IMP, Fudan,



L)
—t
h<1

Q\BNIVG
:3 L
5
802

Collective flow via 2-particle correlation
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-%5 GCollective flow via Q-cumulant (l)
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-%5 Collective flow via Q-cumulant (Il)

particles selected for flow calculation labeled as reference flow particle (RFP), particle of interest (POI)

m,

p,= ), em
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5 Collective flow via Q-cumulant (4-particle) with 3-subvent
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