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The process of heavy-ion collisions

Nuclear collisions and the QGP expansion

} collision evolution particle
expansion and cooling detectors

kinetic
freeze-out

lumpy initial hadronization i 1 distributions and
energy density %4 correlations of

QGP phase

quark and gluon

collision quantum
overlap zone fluctuations

T~ 0fm/c w~1 fm/c T ~ 10 fm/c

U. W. Heinz, hep-ph/0407360.
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When light nuclei formed in heavy-ion collisions

@ Hadrons emitted from the region that reaches
limiting temperature and abundances fixed at
chemical freeze-out.

@ Light nuclei can be formed by baryons after
kinetic freeze-out, which is sensitive to nucleon
emission source.

. @ Light nuclei produced at chemical freeze-out
might break up and re-form during the chemical
freeze-out and the kinetic freeze-out.

o Studying the light nuclei production will help to
understand the nucleon emission source and the
nucleosynthesis mechanism in heavy-ion collisions.
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-
light nuclei generations in RHIC and LHC
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@ Blast wave underpredicts vo(p7) of d and 3He at RHIC, but well
describes spectra and va(p7) of d in LHC.

@ AMPT + coalescence reproduces the va(pr) of d at Au + Au 200
GeV. Simple coalescence overestimates vo(p7) of d at LHC Pb + Pb.
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Transport and Coalescence model

@ Transport model: with production and annihilation of d in AMPT.
@ Coalescence model: AMPT+Coalescence.
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@ Transport and Coalescence models give similar d spectra.

Y. Oh, Z. W. Lin and C. M. Ko, Phys. Rev. C 80, 064902 (2009).
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Blast Wave + Coalescence

Wenbin Zhao The spectra and flow of light nuclei June 20" 2018 6 /25



Blast Wave + Coalescence

@ Transverse size Ry is constant (independent on p1), nucleons are
uniform inside a cylinder.
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@ The Blast Wave + Coalescence can't describe spectra and vo(p7) of
light nuclei. The constant Ry is unrealistic.

X. Yin, C. M. Ko, Y. Sun and L. Zhu, Phys. Rev. C 95, no. 5, 054913 (2017).
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Blast Wave + Ry - p1 correlations + Coalescence

e With additional Ry = 10e°-23(P7=0.9) correlations of hadrons:
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@ The Blast Wave + Ry - pt correlations + Coalescence reproduces
spectra and va(pt) of light nuclei. The Ry - pr correlations are
better .

X. Yin, C. M. Ko, Y. Sun and L. Zhu, Phys. Rev. C 95, no. 5, 054913 (2017).
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iEBE-VISHNU + Coalescence
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Coalescence Model

The production probability of nucleus of atomic number A is:

d3N, A 3 dp;
Tpi :gA/rli:lled O'iu?if(xiapht)

A
XfA(ng ""xf4; pg_? M) pi4' t,)6(3) (PA o Z pl) ’
i=1

where gy is statistical factor, x; and p; are in fireball frame. x/ and p/ are
Lorentz transformed to the rest frame of produced nucleus. And

fpud%uﬂf;‘pfp(xv p, t) = Np, fpud%uif:‘pfn(xa p,t) =Ny
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Wigner function

Wigner function for two-body Coalescence:
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1iEBE-VISHNU

@ spectra of 7, K and p.
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@ Hydrodynamics can well

describe dynamics evolutions of

heavy-ion collisions.
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@ Event-by-event v, @ Event-plane correlations
distributions.
Pb+Pb 2.76 A TeV Pb+Pb 276 A TeV
. . o . . 1F oy 1F perTE
iEBE-VISHNU ATLAS DATA| ] £ ]
R, 276ATev  276ATevE V2 E F ] F ]
2 —TRENTo [ 0.5 e s B sk ]
Z\ — AMPT B [ 276ATeV 4 r 1
7 . 3 F e TReNTo F ]
= 0 —— Awpr o o) oF 0 E
>, F ] E ]
ok 3 E oy 3 <o 3
o A E E|
0F + E g
—~ o1 ] 2
oy 1 E E LS
<, 1 oy 1F PRTHRRS
S s b s
Zol ] s 1 F
40-45% 05?#}3 v b 05
w (©-2) ] : ] F
' [ ] [
10 ] o ] [
7\‘ 1+ PRI 0 <Cos(00 50, 4>
e 3 [
¥ [
I 05F
o E [
0-5% (c-1) 40-45% (c-2) oF
10° s s £l L 3 .
1 2 30 1 3

Vo /<v, >

N

N

st

W. Zhao, H. j. Xu and H. Song, Eur. Phys. J. C 77, no. 9, 645 (2017).
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o Symmetry Cumulant |!on—|inear response cofficients
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Hydrodynamic model is the standard model to describe
the dynamics evolutions of heavy-ion collisions.
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|
Set-up

iEBE-VISHNU + Coalescence J

@ The coalescence processes for d: p+ n — d.
@ Two coalescence processes are included for production of 3He:
p+ p+n—3Heand d + p —3He.

Table 1: Statistical factor (g), radius (R), oscillator frequency (w), and width
parameter (0,, o) for deuteron and helium-3. Radii are taken from Ref. [?].

Nucleus g R(fm) w(sec’l) 0,0, (fm)
deuteron 3/4 21421  0.1739 2.473
p+p+n—3He| 1/4 19661  0.5504 1.390
d+p—3He 1/3 19661  0.3389 1.536

W. Zhao, L. Zhu, H. Zheng, C. M. Ko and H. Song, Phys. Rev. C 98, no. 5,
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RESULTS
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Light nuclei production in Au + Au 200 GeV
@ iEBE-VISHNU + Coalescence
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o iEBE-VISHNU + Coalescence gives a good predictiors for the spectra
and va(pT) of d and 3He in Au+Au 200 GeV.

@ iEBE-VISHNU gives a good description of space momentum
correlations of hadrons naturally.

W. Zhao, L. Zhu, H. Zheng, C. M. Ko and H. Song, Phys. Rev. C 98, no. 5,
054905 (2018)

Wenbin Zhao The spectra and flow of light nuclei June 20" 2018 18 / 25



|
Sperh': of licht nuclei |n Ph .- Ph 2 74 and R N2 Te\/
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@ iEBE-VISHNU + Coalescence gives a good description for the spectra
of d and underestimeta spectra of 3He in Pb + Pb 2.76 TeV.

@ The spectra of d and 3He in Pb + Pb 5.02 TeV is higher and flatter.

W. Zhao, L. Zhu, H. Zheng, C. M. Ko and H. Song, Phys. Rev. C 98, no. 5,
054905 (2018)
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-
(pT) of I|ght nuclei in Pb + Pb 2.76 and 5.02 TeV
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@ iEBE-VISHNU + Coalescence well reproduce the v»(p7) of d in Pb +

Pb 2.76 TeV.

o iEBE-VISHNU + Coalescence predicts the vo(pT) of d and 3He in Pb
+ Pb 5.02TeV. And the vo(pT) of d is slightly lower.

W. Zhao, L. Zhu, H. Zheng, C. M. Ko and H. Song, Phys. Rev. C 98, no. 5,
054905 (2018)
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o iEBE-VISHNU + Coalescence do a great job in

describing the spectra and elliptic flow of light nuclei
at Au + Au 200 GeV and Pb + Pb 2.76 TeV.

o iEBE-VISHNU generates the proper space-momeutum correlations of
hadrons at kinetic freezeout.

@ Coalescence together with proper space-momeutum correlations of
hadrons might the mechnism of light nuclei productions in heavy-ion
collisions.

o 3He is largely underestimated in Pb + Pb 2.76 TeV.
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The productions of 3He

Wenbin Zhao The spectra and flow of light nuclei June 20" 2018 22 /25



Au+Au 200 A GeV, 0-80%

Pb + Pb 2.76 A TeV, 0-20%
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e Including the d + p —3He enhances the spectra of 3He by two.

e p+p+n—3He + d + p —3He can describe spectra in Au + Au 200
GeV, but underestimate that in Pb + Pb 2.76 TeV.

@ Production of 3He need be further studied, such as including 3-body

interactions in transport model and the Pauli principle effects in

Winger function of 3He.

W. Zhao, L. Zhu, H. Zheng, C. M. Ko and H. Song, Phys. Rev. C 98, no. 5,

054905 (2018)
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Summary

@ Studying light nuclei helps to understand the nucleon emission source
and nucleosynthesis mechnaism in heavy-ion collisions.

@ iEBE-VISHNU + Coalescence can well describe the spectra and
elliptic flow of light nuclei at Au + Au 200 GeV and Pb + Pb 2.76
TeV. iEBE-VISHNU generates the proper space-momeutum
correlations of hadrons at kinetic freezeout.

@ Coalescence might the mechnism of light nuclei productions in
heavy-ion collisions.

@ The productions of 3He require further studying.
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Thanks
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