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Experimental Exploring of QCD Matters
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HICs @ High Baryon Density Region

Time Evolution of HICs
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Hypernuclel (What)

Nuclet are loosely bound objects with binding energies of few MeV
Hypernuclei are nuclei containing at least one hyperon (Y)
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Figure from Science 328 (2010) 58-62
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Hypernuclel (Why)

Phys. Lett. B 684 (2010) 224
Phys. Lett. B 781 (2018) 499
Phys.Rev. Lett. 114, 092301 (2015)

phase diagram and the nuclear equation-of-state?

IXp
Sensitive to critical fluctuations and 2
the onset of deconfinement

Sensitive to
neutron density
fluctuations

1. What can (hyper)nuclei production in heavy-ion collisions tell us about the QCD

3
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Sensitive to
baryon-strangeness
correlations

2. What is the role of hyperon-nucleon (Y-N) and hyperon-hyperon (Y-Y) interaction (or even

Y-N-N) in the equation-of-state of high baryon density matter
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» Hyperon Puzzle: difficulty to reconcile the measured masses

Guannan Xie

of neutron stars with the presence of hyperons in their interiors

ATMOSPHERE

HYDROGEN, HELIUM, CARBON

OUTER CRUST
IONS, ELECTRONS

INNER CRUST
IONS, SUPERFLUID NEUTRONS

OUTER CORE
SUPERCONDUCTING PROTONS

INNER CORE
UNKNOWN

EoS governs the structure of neutron stars.



Hypernuclei (How)

Fig. from Yifei

Guannan Xie

1.

Intrinsic properties: Internal structure

« Lifetime, branching ratio, binding energy, etc.

Understanding hypernuclei structure can provide insights to
the Y-N interaction and EoS (especially in high baryon density
region, to study the density dependence)

2024 FHIAF 5 Be & i A & 1EZH 21 @ BN 7




Hypernuclei (How)

Fig. from Yifei

%,

2. Production mechanism (in heavy-ion collisions)

e’% (ty< 1 fm/c)
®

e Spectra, Yields, Collectivity etc

a) without QGP / \ b) with QGP i
/ \ The process of hypernuclei formation in violent heavy-ion

beam
collisions is not well understood

beam

When are hypernuclei formed?
At freezeout? Or in medium?

Guannan Xie 20244FEHIAF 5 Be & v A A 74 &1 @ M 8



Y-N Interactions from Non-HICs

AN

" Important, but lack of measurements limited by availability and short-lifetime of hyperon beams
Some new interesting results on hyperon-nucleon scattering at BESIII, the idea is simple, CLAS/J-PARC
using J/y decayed hyperons, to interact with the beam pipe (Be) BESIII
Phys. Rev. Lett. 127, 012003 (2021) From Jielei @ Huizhou Hyperon workshop
— arXiv: 2209.12601 Chin.Phys.C 48 (2024)
e [ Lo Ao mtrtnon® 10 - py Phys. Rev. Lett. 130, 251902 (2023)
VI J Phys. Rev. C 109, L052201 (2024)
: ) 10 billion Iy Phys. Rev. Lett. 132 (2024) 23, 231902
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detector: BESIII detector ST

Guannan Xie 20244FEHIAF 5 Be & v A A 74 &1 @ M 9



Why Hypernuclel in HIC ? (at High Baryon Density)

F . . e Collider mode :
Why heavy-ion collisions (HIC)’ JSwn = 7.7 - 54GeV

* produced in copious amounts in HIC . Fixed-Target mode :
» Potential for high precision measurements JSun =30 - 13.7GeV

« Big advantages at high ug: enhanced yields
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B. D6nigus, EPJA (2020) 56:280
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STAR Experimental

upgrades completed N
- All are in data-taking [ = - Larger acceptance
| for BES-II program ~ < - Excellent PID with uniform acceptance

B, w1
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FXT Setup @ STAR

Fixed Target
z=2.01m]

Yellow beam

STAR Event Display (FXT
Au+Au VSNN — 3 GeV

0.25 mm thickness Au-Target

Good mid-rapidity coverage for STAR FXT 3 GeV (and up to 4.5GeV)

Guannan Xie Conventions: beam-going direction is the positive direction 12




Hypernuclel Reconstruction

Two body decay: 3H —» *Hen~; iH — *Hem~

x10°
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Counts per 1 MeV/c?

Hypernuclel Reconstruction

Y. Ji. C. Hu, X. Li, STAR, sQM 2024

. 3 ] 4 3
Three body decay: ;H » pdnt; jHe > °Hepmn? New results from 3.0, 3.2, 3.5
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Guannan Xie

» Measurement of Hypernuclei Intrinsic Properties:
-- Lifetime, Branch Ratios

2024 F-HIAF & e & i A A 1EZH 2= @ 2 M
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Hypernuclei Lifetime Phys. Rev. Lett. 128 (2022) 20, 202301

N - _ —
e Light hypernuclei inner structure serves for our understanding of the YN interaction
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Hypernuclel Lifetime Xitijun @ sQM24

TN Light hypernuclei inner structure serves for our understanding of the YN interaction
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Hypertriton Branching Ratio Yuanjing @ 3.0GeV

Stronger constraints on absolute B.R. and hypertriton internal structure models
 Model comparison show data favors small B,, weakly bounded state of >H

3 3 - .
R. = B.R.(yH » "Hem™) STAR: R; = 0.272 4 0.030 £+ 0.042
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T o
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| 0 02 04 06 08 1 12 14 16
| STAR Preliminary B, (MeV)

0
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*H Separation Energy (B,) u Hu @ 3.0GeV

« Aseparation energy (B,): 3H B, = M(d) + M(A) — M(3H)
* Benchmark of Y-N interaction strength

* |nvariant mass method

_ Estimated from
ot 1% | STAR Preiminary (== * FEMtOSCO method
S 1 d-A Correlation
—— 1 ALICE 2022 s
. ° { STAR2020 ¢
00 | STAR Prehmmary -
\ . {1 NPB52 1973 Au+Au Vspy = 3 GeV
! c R
E 15 - 5
® . PRD11970 _ 2 o d-A ’
: E 2 gf 0 -o- Data
—@— 41 NPB4 1968 S . E‘éuiﬁéi"“’" 40 60 80 100 120
: § & — - Quartet k* (MeVi/c)
: —— { NPB11967 ©#°© 5t
1
| Welghted Avg 0 17+0.06 (S 1. 6) | : 0 0 5'0 160 160
0.2 0 0.2 0.4 0.6 K" (MeVic)

SH B, (MeV :
AFLBj (MeV) 3H is a very loosely bound state.

Guannan Xie 2024 F-HIAF 5 e i S 1EH 2 @ 2 M 19



Guannan Xie

» Measurement of Hypernucleil Production
-- Energy Dependence of Hypernuclei Production
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A=3 Hypernuclel from BES-I1 Energies

Phys. Rev. Lett. 128 (2022) 20, 202301 @ 3 GeV
New 3H results @ 3.2, 3.5, 3.9, 4.5, 5.2 (FXT)
@ 7.7, 11.5 14.6GeV (Coll.) from sQM2024
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2 N 1 STAR Preliminary
o [ - = T m :
> - H'"nb“i@mil i + B -
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8Y] I = -~ o =1 o
T-g 10‘9_— ———— h‘-“\' - T O77Gev+4 I “‘nh“ T, ‘...,.\ .
o - L SR < N . - - Sy T 77GeV «4*
: [ o S L 115 GeV +4° —— e - ‘xm\ -
m i Hm“hnh“‘x W e GeV .st 1 Dl W T 115GeV |
= - . Tl nﬁ:\\\ T 146 Gev :4° ]
S, 196GeV 4 wm-. . Tw
10—12 — o Tt 27GeV 4t o T - 196GeV 4’ —
- (@) 0-10% T (b)10-40% T zeevut
- | 1 I 1 | 1 | 1 I 1 | 1 "I 1 | 1 I 1 | 1 | 1 | L

0 1 2 3 4 5 0 1 2 3 4 5
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Utilizing datasets collected by STAR BES,
- 3H p; spectra, dN/dy are measured at \(syy)= 3-27 GeV in Au+Au collisions.
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A=3 Hypernuclel Yields vs. Rapidity

ooosk 3Gev 1 3.2GeV R 1 385Gev 3.9 GeV 1 45GeV 5.2 GeV ;
. 3 3 -
1 [H] ;H — dp=n (XW - STAR Preliminary ' 0-10% (top) :
+ 1 *H —*Hen 3] + Au+Au .
0.004 |- T + + T
! N +
D0.002fF i ]
z0 00 T * + ¢ ¢ )
S
[0 S S SN NI SN S 4+ 4+ -+ -+ -+ o i A e B
0003 - 1 1 1 1 - 1 1 1 1 1 | | 1 1 - 1 | | 1 1 1 1 1 1 1 1 1 1
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. 10-40% (bottom
Fixed-target mode ( )
0.002F - +
0.001f . ' - & ¢ ¢ @
' @ + ® ¢ ®
0 I I I I el gl ol a gy METEE S BB AT A BN B A B 'ENEE A DR A BT A B s el e ag d el el g FEPEE BPEPETE EPECECE B R
-1 -0.8 -06 -04 -0.2 -0.8 -0.6 -04 -0.2 -0.8 -06 -04 -0.2 -08 -06 -04 -0.2 -08 -06 -04 -02 ( -08 -06 -04 -02 0

yly

beam

First measurements on rapidity dependence of hypernuclei yields in HIC, consist b/w 2 body and 3 body.

Different trends in rapidity in 10-40% centrality regions. -> Fragmentation contribution

Guannan Xie
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A=4 Hypernuclel from BES-I1 Energies

103 10 108 New AH(e) results @ 3.0, 3.2, 3.5, (FXT) from sQM2024
10 Au+Au |s,,,=3.0GeV | Au+Au s, =32GeV | Au+Au s, =3.5GeV
I 0-10% 0-10%  ~ .. 0-10%

= ’ . ’ ’ ~
’ o ’ ]
’, B #ONG .~ ol \ s
L - . % .
/I ’ ‘f’ Ve o
’ ® Seg?
5F p - ~r L ’

STAR Preliminary
- Au+Au |s, =3.0GeV | Au+Au sNN 3 2 GeV - Au+Au ﬁ 3 5 GeV
10 10-40% [ 10-40% [ 10-40%

> + ;
T i
Z sk LN - \
o | e A “\\
S ) L .‘\ ! ° Yo
e 4 YRR | @ I \\ o
1 1 1 1 1 | b 1
6 Au+Au VSN =3.0GeV [ AutAuys, =32GeV Au+Au VS = 3.5 GeV
P 0-40%t 0-40% 0-40%
2: S Q'_* : AS | \\j‘\\."";ti‘_‘_'. [ ® . \ .
- 4 4 ) o suming = o \:‘-- o
I @ AH-*He+n [ BR.(!Ho*Hetn) = 50% ‘
I E| \He—*He+p+m | BR.( HeAJprm 23% ---JAM + Coalescence
1 1 1 1 L " " " " 1 1 " L " L 1 " L " " 1
o 205 0 -1 5 0 -1 205 0

Particle Rapidity
-*H(e) py spectra, dN/dy are measured at V(syy)= 3-3.5 GeV in Au+Au collisions.
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Hypernuclel Yield vs. \/syn

- 10-40% 0-10% collisions
B [ | B Au+Au (STAR)
B QE ® @ Au+Au (STAR preliminary)
102 & E ¢ Pb+Pb (ALICE)
o .
9 Hg
S
=103 s ©
=> - =
O - 9 _
> N o ®
© i i . 2.76TeV
| 3 o ¥
10- - H E
- A assuming B.R.{iH —3He + 1) = 25%
B | | | | | | | | | / f/
3 4 567890 20
\'San [GEV]
Pb+Pb: ALICE, PLB 754, 360 (2016)
STAR at 3 GeV: PRL 128, 202301 (2022)
Guannan Xie

First energy dependence of 3H hypernuclei
production yields in high baryon region

3H yields peak at \V(syy) = 3-4 GeV then decrease

toward higher energy

 Increasing baryon density at lower energies 1

« Stronger strangeness canonical suppression at
low energies |

Low Energies 3-4GeV optimal range search for
AA-hypernuclei

2024 F-HIAF & e & i A A 1EZH 2= @ 2 M 24



Hypernuclel Yield vs. \/syn

g 0-10°/c: collisions ¢ Au+Au (2022)
% ] SN ® Au+Au (STAR prelim.)
= & ¢ Pb+Pb (ALICE)
>\ 1 0—2 — I \ —
© - r STAR Preliminary
Z -/}
T -
i :' Assuming B.R.(’H
B ! —%He + 1) = 25%
1 0_3 - 3 H
E A O T
- RN
- *s Pb+Pb
- --Thermal-FIST . 2'7‘?9\’
- —UrQMD+Coal.
107% * | )
| | | | | | | | | J' J'
3 4567810 20 30 40
\'Sny (GeV)

Thermal (GSI): A. Andronic et al. PLB 697,203-207 (2011)
Thermal-FIST, Coal. (UrQMD): T. Reichert et al. PRC 107 (2023) 1, 014912

Guannan Xie

Thermal model
Hadron chemical freeze-out T, and p;.

UrQMD + Coal.

Instant coalescence after hadron kinetic freeze-out.
Coalescence condition:

* |p1 — P2l <AP, |1y — 73| <AR

or Wigner Coalescence

Provide first constraints for hypernuclei production
models in the high-baryon-density region
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Hypernuclel Yield vs. \/syn

) -~ 0-10% collision Thermal model
o - U1V CONISIONS e AutAu (2022) Hadron chemical freeze-out T, and pj.
% ] N ® Au+Au (STAR prelim.)
O h ¢ Pb+Pb (ALICE) Both hypertriton and triton yields are not fixed at
§ 107° // ' STAR Preliminary chemical freeze-out (disfavor thermal)
Z VA
© - A L B LA
B ! , 3 1 = STAR Au+Au =
- Assuming B.R.({H - %:} Central Collisions 3 Stanmeiminay s >
) —:'SHe + J'IZ_) = 259%, 1 — % o] d/p 4 FOPI Au+Au —
1 10 E *® oy &b E864 Au+Pb =
_3 | : E Q % PHENIX Au+Au E
107 34 02l ° . “ea, AP T i
- A . S 107 e 8 g , -
L [l Yo (1h] — . B ) : -
B ] s - 3l g Em  STARAu+Au 7]
- *~ Pb+PDb 2 10 '§_ o ;I STAR preliminary Au+Au _g'
- : B eVl 8 F e L G
Thermal-FIST v | el L TR s
_4| —UrQMD+Coal. A R Tramatat, wm N
107 | /] 10°E syr vBR "% 5 o "y
! ! ! L1 1 ! \ f | E A X . ‘7 | E
3 4567810 20 30 40 1005 © retrm ™ 2HIA ’’’’ =
[ — ---- Thermal-FIST, w/ unst. N Assuming B.R.(AH —=3He + ) = 25% =
SNN (Ge\/) B 1 Lol 1 Lol I Lol ] 1 |||\_
10 10° 10°
Thermal (GSI): A. Andronic et al. PLB 697,203-207 (2011) ol v
Thermal-FIST, Coal. (UrQMD): T. Reichert et al. PRC 107 (2023) 1, 014912 Collision Energy SNN (GeV)
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A=4 Hypernuclel Yield Ratios

- 0-40% Au+Au collisions, |y|<0.5 10° 0-40% Au+Au collisions
: - E] ;1\ H/A . STAR Preliminary
~ — =
O - .’\\i\\ E]f\He/A L0 102 [
= B s, P () i — 9 35GeV x10*
) e = > e
20107 F | e ! = [ ——¢ 3.2 GeV x 10°
O 0 \\\1 > | y— —2 -
= [ 102 F
T - (] o o ~"$3.0GeV
o i Z | L Ho S
- STAR Preliminary © = - +H ‘He
Assuming = po xe 'Fit A A i
. — - Thermal-Fist (0-10%) B.R.({H- *He + 1) = 50% 1 0—6 | JAM + Coalescence B.R_(in 3::3 ) = 25%
_____ Wi o S 4 o0 509 B PHQMD soft EoS B.R.(*Ho *He + 1) = 50%
1 0_4 » JAM + Coalescence B “\He He:+p I — I:l PHQMD hard EoS B4R.(1He—>3He+p+1t') =23%
N 1 1 1 I | 1 1 1 I 1 | | ! I L L L l L L . | . L .
3 3.5 4 2 4
2
\'sny (GeV) Mass (GeV/c?)

« Thermal model also over-predict A=4 hypernuclei yields while JAM+coal. describes the data.

« Enhanced ;H production indicates a significant excited state feed-down contributions for A=4 hypernuclei.
A(Jt=1D)->H(JT=0+ vy

Guannan Xie 2024 FHIAF 5 BE 2o WA A A F2H 2 L @ FE M 27



Strangeness Population Factor S; vs. \/syn

Increasing trend of S; originally proposed as
a signature of onset of deconfinement
3
H :
S, = —2— : removes the absolute difference
3He x ? of A/B yields versus beam energy.

 Data shows a hint of an increasing trend

» Coalescence + transport also suggest
Increasing trend — the energy dependence is
sensitive to the source size, sH suppression

due to large Size  Phys. Rev. C 107 (2023) 1, 014912
Phys. Let. B 809 (2020) 135746

« Thermal-FIST also suggest increasing trend :

unstable nuclei breakup *Li — 3Hep

Note: For 19.6 and 27 GeV, take 3He/t = 0.93+0.07

Phys. Lett. B 684 (2010) 224

— STAR preliminary Models
1 6 — @ Au+Au 0-40% (p,/A>0.4 GeVi/c, lyl<0.5) = Coal. (Default AMPT)
O Zr+Zr/Ru+Ru 0-10% =1s Coal. (S. Melting AMPT)
~  Published data Coal. (UrQMD, Ar=9.5fm)
1 .4__ [] E864 Au+Pt0-10% —— Coal. (UrQMD, Ar=4.3fm)
- <> ALICE Pb+Pb 0-10% ,_ --=-= Thermal GSI, w/o unst. N
1 2 | (O STARAu+Au ‘;' Thermal-FIST, w/o unst. N
*&| @ STARAu+Au, U+U G — Thermal-FIST, w/ unst. N
— ;‘
1; 3 :,: O
- S, =—2 .
m = SHe x A s
n - P =
0.8 u
B »
— P >
— R L
0.4 H.p e
- - .L;-""
0.2 o o .
L Assuming B.R.{ i H—%He + ') = 25%
O_I IIIHH‘ 1 \I\Hlll | II\IIIIl | | I I |
10 10° 10°
(s [GeV]

Provide constraints for hypernuclei production
models in the high-baryon-density region
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Energy Dependence of ;H (pr)

2.5 .
- Au+Au 0-10% collisions
f i 3 - Mid-rapidity
« Similar (pt) for 1H and t i
21— STAR preliminary e
o Blast-wave fit using measured Kinetic S s ﬁ
freeze-out parameters from light hadrons (&, & 150 ﬁ ﬁ ﬁ
K, p) overestimates both yH and t > i ﬁ@ﬂ *
() i
_ § | M
- AH and t might do not follow the same ~ 1 g
. . . A T et — ﬂ lllllllllllll M
collective expansion as light hadrons e . i S
Q. - o Eam@ B
~~— B %
 Different trend for /syy =3-4.5 GeV and 0-5:_ Data Blast-wave fit to (,K,p) data
O Ot [p “t  p
Suggest different expansion dynamics or i I

medium properties? 3 4567 10 20 30

s (GeV)
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Hypernuclei Collectivity vs. Mass

(GeV/c)

~

éan

(pr) -> Radial flow contributions

- Au+Au collisions ly|<0.5
=
~ 0-40%
. STAR Preliminary
i 3.5 GeV(+3.0)
(0.331+ 0.031 % 0.024)
4
i 3.2 GeV(+1.5)
/ (0.325 £ 0.016 + 0.025)
2
- 3.0 GeV
i / (0.300 + 0.010 + 0.028)
0 L SH  %H ’He
| | | | | | | | | |
2 4

Mass (GeV/c?)

0.0

v, -> Directed flow

dN 1 d’N
B @ ™ 25 prdprdy (1 ’ sz cos | (qb_w")])

T i | |
Au+Au Collisions at RHIC

4He / - ’
Energy: |sy,=3GeV
Centrality: 5-40%
Directed flow 3He+8 /*
540% |, E
: ~
A
- / AH |
p ~ -
O"/ e Data Model
o - -
= Hypernuclei [l = UrQMD
- A Light nuclei O > JaM
| | | |
1 2 3 4

Particle Mass (GeV/c?)

Hypernuclei {pr) (and v,) show linear mass scaling from 3 to 3.5 GeV in mid-rapidity.
 Consistent with coalescence formation picture.

2024 FEHIAF 5 Be & i AX & VE2H &

W@ E N

Phys. Rev. Lett. 130 (2023) 212301




Summary

« HyperNuclei Measurements @ STAR

v" Intrinsic Properties:
-- Lifetime, Branch Ratios & Binding Energy

v" Productions and Collectivity
-- Energy Dependence

v Enhanced hypernuclei production at low energies allow precision
measurement

v STAR data support coalescence mechanism of hypernuclei formation
at mid-rapidity

v Thermal model over-predict A=3 (and A=4) hypernuclei yields

Guannan Xie 20244FEHIAF 5 e 2% A S /EH 21 @ 2N
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Outlook and Future Facilities
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CEE*@HIAF
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20 (MeV)

50 100 200

Collision Energy |s,,, (GeV)

NICA/MPD 4-11 GeV, 2.4-3.5GeV FXT
FAIR/CBM 2-5 GeV
HIAF/CEE/CEE+ 2.2-4.5 GeV

CEE*

Entries

Entries

15 {He—*He pr

x10°

= *He o = 2.1 MeVic?
S/B=0.20, ¢, =6.3%

=4 .H 0 =2.4MeVic?
S/IB=0.18, ¢, =3.1%

- %,H 0 =2.5MeV/c?
S/IB=1.19, ¢, =23%

x10°

; WH=3H prr
wwH—1Her i

m,,, {*He p} [GeV/c?]

x10° = © H =23 MeVic?

S/B=0.02, ¢, =2.0%

|
60 //__
5 5 -
¥ wH— Hert

40 -

S0
0.2
1 L ! olde 1 1 A 1 !
4.86 4.88 4.9 = 4.1 4.2 4.3 4.08 4.1 4.12 4.14

m,,, {{Hem} [GeV/e’] il {i Hpr} [GeV/e?]

= % He ¢ =2.6 MeVic?

SIB=0.41, ¢, =1.2%

CMB simulations

Hypernuclei in central
Au+Au 10 AGeV

5.;]4 5.;)6
m,, {iHen'} [GeV/c?]

5.02

5.08

m,,, {{He p} [GeV/c?]
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Perspective

S

N N A I A £ 1 PoF b b iiii i
2 5 10 20 50 100 200
Collision Energy \s,,, (GeV)

HIAF/CHNS 2.2-4.5 GeV: Biggest advantage & opportunity at this high baryon density region

10°

10°F ¢

o ALICE data

T I T T T
STAR data

10710| lI||'||

107 (s (GeV)

 Precise measurements on the production/collectivity of A=3,4,5,6 hypernucleis (A, Z, Z)
* (Double) A hypernuclei (YY): sAH-> AHem, ,z:H -> 2Hem, A=6 hypernuclei etc

 Direct correlation measurement: p — A, d(t, He) — A, A — A,

 Precise measurements on the intrinsic properties
« Mirrored Particles with isospin dependence

« Hypernuclei Polarizations
¢ etc

— = correlations.
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STAR Beam Energy Scan

Au+Au Collisions at RHIC
Collider Runs Fixed-Target Runs

JSvn | #Events Up Ybeam run VSNN #Events Ug Ybeam run

(GeV) (GeV)
1 200 380M 25MeV 5.3 r10,19 1 | 13.7(100) 50M 280MeV | -2.69 r21
2 62.4 46M 75MeV r10 2 11.5(70) 50M 320MeV | -2.51 r21
3 544 | 1200M | 85MeV r17 3 | 9.2(44.5) 50M 370MeV | -2.28 r21
4 39 86M 112MeV r10 4 | 7.7(31L.2) 260M 420MeV | -2.1 r18,19,20
5 27 585M | 156MeV | 3.36 | r11,18 5 | 7.2(26.5) 470M 440MeV | -2.02 r18,20
6 19.6 595M | 206MeV | 3.1 r11,19 6 | 6.2(19.5) 120M 490MeV | -1.87 r20
7 17.3 256M | 230MeV r21 7 | 5.2(13.5) 100M 540MeV | -1.68 r20
8 14.6 340M | 262MeV r14,19 8 4.5(9.8) 110M 590MeV | -1.52 r20
9 11.5 57M 316MeV r10,20 9 3.9(7.3) 120M 633MeV | -1.37 r20
10 9.2 160M | 372MeV r10,20 | 10 | 3.5(5.75) 120M 670MeV | -1.2 r20
11 7.7 104M | 420MeV r21 11 | 3.2(4.59) 200M 699MeV | -1.13 r19

12 | 3.0(3.85) 260+ 760MeV | -1.05 r18,20
2000M

Most Precise data to map the QCD phase diagram, 3 < +/syy < 200 GeV;760 > ug > 25 MeV;

Guannan Xie
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