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A Urisgryse Experiments ® (d) A RHIC-
%) . @ Beam Energy Scan
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& Crossover, extremely high T & study key feature of the hot QCD matter
<& Varying collision energies for wide baryon density region & mapping QCD phase
structure and search for critical point
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Charm-light mesons in Au+Au 200 GeV at STAR
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& D/DY, D*/DY ratios consistent with PYTHIA model calculations

<& No significant modification to charm-light meson production in A+A collisions

Paper in PWG review
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D. enhancement in Au+Au 200 GeV at STAR
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ransverse Momentum ev/c
i ) & [5) J. Zhao et al., EPJ Web Conf. 202 (2019)
STAR: PRL127, 092301 (2021) O¢o % 06004; arXiv: 2004.12305.

ALICE: EPJC 77, 550 (2017)
JHEP 2018, 174 (2018)

Significant D./D® enhancement in Au+Au collisions w.r.t fragmentation baseline or p+p
- (sequential) coalescence + strangeness enhancement
- compatible with SHM prediction (ratio ~ 0.35-0.4)
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A. enhancement in Aut+Au 200 GeV at STAR
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&> Significant enhancement in A./D° compared to PYTHIA/fragmentation baseline.
{> The A./DO ratio is compatible with light flavor baryon-to-meson ratios.
{> Consistent with coalescence + thermalized charm quarks, higher at high p-.
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Charm production cross section in Au+Au 200 GeV
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Collision system  Hadron do/dy [ub] ~ "€/ip, in
DY 39.0 + 0.6(stat) + 1.1(sys)
AutAu 200 GeV D* 19.2 £ 0.9(stat) £+ 3.1(sys)
10-409% Dy 15.4 £ 1.7(stat) £ 3.6(sys)
‘ A, 39.7 + 5.8(stat) + 26.7(sys)
Total: 113.3 £ 6.2(stat) + 27.2(sys)
p+p 200 GeV Total: 130 + 30(stat) + 26(sys)

0 100 200 300
part

Charm numbers are still conserved at RHIC!

Total charm cross section in Au+Au collisions is consistent with p+p value within
uncertainties, but redistributed among different charm hadron species.
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What about heavier bottom quark?

STAR, PRC 99 (2019) 034908
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Charm is as ordinary as light quarks!
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R _—
Moeraki boulders were moved to the
beach by storm waves in Austrilia.
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PRL 108 (2012) 022301

Is there a “big stone” too heavy to be
moved in QGP storm?
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HFE measurement in Au+Au 200 GeV
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&> Improve measurements of HFE suppression with better precision at high pr.

BISTAR PRL106 global uncertainty

= A At
PHENIX PRCB83 global uncertainty
BSTAR 2014 global uncertainty

20-40%

e Lo Ll b b b

3

-Illllll Illlllllll

................................................................

> ~x2 suppression is observed in central and mid-central collisions above 3.5 GeV/c,

suggesting significant energy loss of heavy quarks in the hot-dense medium
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HFE measurement in Au+Au 200 GeV
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<> More suppression in more central collisions but not significant.

&> Better consistent with Duke model calculations.

Paper in PWG review

<> Charm- and bottom-hadron decayed electrons separated in heavy-ion collisions,

which provides evidence of mass ordering of heavy quark energy loss in the

strongly coupled medium created in heavy-ion collisions.

2022/7/28
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B->e in Au+Au 200 GeV

T
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B :ﬁRiﬁe’ F. Si, et al., PLB 805 (2020) 135465.
g™ DUKE: PRC 92, 024907 & Private Communication
RERe = AR ar
e FONLL: M. Cacciari, et al., PRL 95, 122001.

{» b->e obtained by subtracting charm contributions from inclusive HFE.
& Raa(c->e) < Raa(b->e) at pr > 4 GeV/c - mass dependent energy loss.
<> Consistent with Duke model, except high pr c->e (1-c deviation).

{» Consistent with b(c)->e/FONLL by definition.

2022/7/28 Yifei Zhang / USTC 13



B->e in Au+Au 200 GeV
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F. Si, et al., PLB 805 (2020) 1354665.
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fye ==
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AA

bottom
stays cool

&> Non-zero b->e v, observed at p; > 3 GeV/c.
¥ Much smaller v, compared with c->e at p; < 4 GeV/c.
& Less flow compared with NCQ scaling hypothesis at 2.5 < p; < 4.5 GeV/c assuming

only mass effect, indicating bottom is unlikely thermalized at RHIC.

2022/7/28
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B->e in Pb+Pb 5.02 TeV
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D. Liand F. Si, et al., PLB 832 (2022) 137249.

{» Similar mass dependent energy loss.

&> More suppression in more central collisions.

<> Non-zero b->e v,, smaller than c->e and NCQ scaling.

&> Hint of energy dependence at pr < 3 GeV/c => degree of thermalization?

2022/7/28
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STAR BES program

Temperature

<~ N0\ Quark-Gluon
Plasma

FXT mode setup:
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Statistics comparison to BES-I
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BES l/ll: 7.7 — 200 GeV

Fixed target: 3.0 — 7.7 GeV

extends STAR's physics reach to
region of compressed baryonic matter

ot 17 Y. (GeV)

2022/7/28

<> Mapping the QCD phase diagram with wide pg coverage:
(20-720 MeV)

&> Large and homogeneous acceptance, excellent particle
WEST identification, especially important for fluctuation analysis

Yifei Zhang / USTC
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Heavy flavor electron at lower energies

LL>N0-15 — ¢ 200 GeV Au+Au Collisions 5
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Paper in PWG review

& HFE v, in 54.4 GeV is consistent with 200 GeV result.

& Hint of smaller v, in 27 GeV.

<> No flavor dependence at high energy, but clear flavor dependence at low energy.
{» Mesons v, follow the same <k;> = <m; — my> = 0.93 GeV/c?.

2022/7/28 Yifei Zhang / USTC 17



Non-uniform efficiency correction for higher-order cumulants
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F. Si, ZYF, X. Luo, CPC 45 (2021) 124001.

{» Study the non-uniformity effect of efficiency correction for higher-order cumulants.
&> Analytic proof and MC test for validation of averaged efficiency correction.
<> Reduce uncertainties from efficiency fluctuations.
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Statistical uncertainties of higher-order cumulants
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F. Si, ZYF, PRC 105 (2022) 024907.

<> Analytical formula for statistical uncertainties of cumulants upto 4th-order.
{> ~x106° faster than bootstrap method.
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Net-proton higher-order cumulants in BES-I|

N ] o ' ' L ]
(\‘L = - Netiproton in 0-5% Au+Au ]
O 2:_ 04 <p (GeV/c)<2.0

i 1 I [ <0.5 .
195 <y <=0.1) —
C | t ) g* : i
O [} | i : | -
[ | |os<r<odE B 3.1-0 ]
1 ¢ M | _
- > " | s g
S 0. e + STARC K

[ = 4 ]

10 107
Analysis in progress ... SNN (GeV)

& 3.2 and 3.5 GeV FXT analysis is in progress.
&> Detailed work on acceptance is ongoing.
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Hypernuclei production in BES energies

Hypernuclei: bound nuclear systems of non-strange and strange baryons

* Probe hyperon-nucleon(Y-N) interaction

» Strangeness in high density nuclear matter

* EoS of neutron star
* Experimentally, we can make measurements related to:

1. Internal structure

» Lifetime, binding energy, branching ratios etc.

Understanding hypernuclei structure may give more constraints on the Y-N interaction

2. Production in heavy-ion collisions

* Spectra, collectivity etc.

The formation of loosely bound states in violent heavy-ion collisions is not well understood
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Hypernuclei production in BES energies
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<> At lower energies, hypernuclei yield is enhanced due to high baryon density.

& STAR BES-II with large statistics data provide great opportunity to study
hypernuclei production.
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Hypernuclei production at 3 GeV
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» First measurement of dN/dy of hypernuclei in heavy-ion collisions

« Different trends in the j‘\H rapidity distribution in central (0-10%) and mid-central (10-50%) collisions

« Transport model (JAM) with coalescence reproduces trends of f\H rapidity distributions seen in data
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Relative yield S;and S,

 S,: relative suppression of hypernuclei production

. : . A
compared to light nuclei production S — AH
AT A
. i : A il
» Expect ~1 if no suppression naively He X >
« S;< 1 — relative suppression of f\H to *He
« S,>S; = enhanced f\H production due to
feed-down from excited state
o 1
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| Au+Au 3 GeV 0=10% T8 s 10-40% |
STAR preliminary Oy=(-0.5,-0.25)
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B & Lt il W :
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o B0 fﬁaw
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* No clear centrality dependence
« Hint of an increasing trend from 4 /sy, = 3.0

GeV to 2.76 TeV

« None of the models describe the S; data
quantitatively
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Hypernuclei lifetime measurement at 3 and 7.2 GeV

A Dalitz et al (1966) A. Gal (2021)
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PRL 128, 202301(2022)
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SH: 7= 221 £ 15(stat.) £ 19(syst.)[ps]
“H: 7 =218 + 6(stat.) & 13(syst.)[ps]
“He: 7 = 229 + 23(stat.) + 20(syst.)[ps]

« Lifetime of light hypernuclei ‘}\H, ‘}\H and ‘/"\He are shorter than
that of free A (with 1.80, 3.00, 1.1 respectively)

« Consistent with former measurements (within 2.5¢ for ;\H, ‘}\H

* T3y result consistent with calculation including pion FSI (2019)
and calculation under Ad 2-body picture (1992) within 1o

f\H, *H results with improved precision

— Provide tighter constraints on models.
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summary

Heavy flavor hadrons D+, Ds, Ac over DY ratios are measured in top energy at
STAR and consistent with fragmentation or quark coalescence hadronization
mechanisms.

HFE Ry, are measured and with c/b separation for both RHIC and LHC,
consistent with mass-dependent energy loss picture.

The measured b->e v2 indicates bottom is unlikely thermalized and first seen the
energy dependence in between RHIC and LHC.

Some progress in net-proton higher-order cumulants analysis in STAR BES
energies, looking for more detailed study and new data.

Hypernuclei production in some of the BES energies are measured, some
detailed study is ongoing and new data will come soon for more energies
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summary

Heavy flavor hadrons D+, Ds, Ac over DY ratios are measured in top energy at
STAR and consistent with fragmentation or quark coalescence hadronization
mechanisms.

HFE Ry, are measured and with c/b separation for both RHIC and LHC,
consistent with mass-dependent energy loss picture.

The measured b->e v2 indicates bottom is unlikely thermalized and first seen the
energy dependence in between RHIC and LHC.

Some progress in net-proton higher-order cumulants analysis in STAR BES
energies, looking for more detailed study and new data.

Hypernuclei production in some of the BES energies are measured, some
detailed study is ongoing and new data will come soon for more energies

Thank you for your attention!
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Hypertriton branching ratio R;

B.R.(3H — *Her")
B.R.(3H — 3Her)+ B.R.(3H — dpzn")

Relative branching ratio: R, =

PRC 102,
s [~ World Average 064002
cg: ~ 0.6/~ NC26,  NPB16 (2020) B (MeV) .
L 840(1962) 77(1976) e R3 may be sensitive to
| PRL 20, weme 0.3 . . e
819(1968) I PRCS?, the binding energy of AH
B 1~ NPB67, graAR2017 1595(1998) cwme 02
0.4— ‘ Vo 289(1978) A e
R’ L l - [ |, + = ! --e- 01 T
e CERNRep """""""""""""""""" l """""""""" + """""" JGCongIeton """""""""" . STAR 2021 (prellmmary):
B 64-1, 63(1964) - - 1992 R3 = (0.272 +0.030 £0.042
0.2— STAR 2021 ;
e « Updated world average R; is
— . consistent with theory calculation
= (R Ry assuming By~ 0.1 MeV

« Improved precision on R,

« Stronger constraints on hypernuclear interaction models used to describe ?\H

» Stronger constraints on absolute B.R.s
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