
Light Nuclei and Hyper Nuclei Collectivity Measurements 

at High Baryon Density Region

Xionghong He

Institute of Modern Physics, Chinese Academy of Sciences

The 20th International Conference on Strangeness in Quark Matter
June 13 - June 17, 2022



Xionghong He SQM2022 2

Outline

× Introduction

× Light nuclei flow measurements from high/finite baryon 

density region

× Hyper nuclei flow measurement

× Summary
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QCD Phase Diagram at Finite Baryon Density
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Correlations are essential feature of interacting many body system.

ҦFirst order phase transition

ҦCritical point

ҦEquation of state (EoS)

Finite baryon density
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QGP

Chemical  freeze-out

Kinetic freeze-out

Hadrons

Light nuclei?

Light Nuclei Production in Heavy Ion Collisions

Light nuclei: bound state of nucleons

Ç Affect the chemical composition, thermodynamicalproperties

Ç Unclear production mechanisms in HIC

üThermal model

Formed before chemical freeze-out 

üCoalescence of nucleons

Å Formed near kinetic freeze-out

Å Atomic mass number (A) scaling of collective flow

ὺ (pT, y) å A ὺ (pT/A, y)  (ὺ << 1)

Both proton and light nuclei are measurable

Picture from 
{ǳǎŀƴƴŜΩǎ ǘŀƭƪ 
at QM2022
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Proton Flow in Heavy Ion Collisions

Protonôs dv1/dy are positive below 7.7 GeV 

and change sign at higher collision energies
Negative proton v2 (2-3.5 GeV)

Light nuclei flow: strong energy dependence, constrain the EoSat high baryon density

STAR Collaboration, PRL112, 162301 (2014)
v1: directed flow v2: elliptic flow
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Light Nuclei v1 for ί Ó7.7 GeV
STAR Collaboration, PRC102, 044906 (2020)

ÅHint of positive of deuteron v1 slopes within 7.7-39 GeV

ÅAt 7.7 GeV, deuteron v1 shows enhancement towards very low pT

Z

X

deuteron

proton
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Light Nuclei v1 at ί σGeV

STAR Collaboration, PLB 827, 136941 (2022)

Å Light nuclei v1(y) slope and v1(pT) follow an A scaling

ÅTransport + nucleon coalescence qualitatively describes the data

3 GeV: likely light nuclei formed via nucleon coalescence
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Light Nuclei v1 at ί ς ςȢυGeV

FOPI Collaboration, Nuclear Physics A 876, 1 (2012)

* 0,t t t t prom bg m m m= =

ÅAway from mid-rapidity, non-monotonic pT dependence for A>1

ÅDonôt show a perfect mass number scaling
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Light Nuclei v1 Slope  

Å Flat dv1/dy within 2-3 GeV(maximum), then decreases with the increasing 

collision energies

Å Above 7.7 GeV, hint of positive slopes for deuteron v1, the reason is unclear

STAR Collaboration, PRC 102, 044906 (2020)
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Light Nuclei v2 for ί Ó7.7 GeV

Å Light nuclei v2 follow A 

scaling at pT/A<1.5 GeV/c

Å Deviation of the A scaling 

at higher pT for all 

measured energies

STAR Collaboration, PRC 94, 034908 (2016)


