Physics at High Baryon Density

- RHIC BES and CBM@FAIR




21 STAR BES-I and BES-II Data Sets

Au+Au Collisions at RHIC
Collider Runs Fixed-Target Runs
V(:g;l\)l #Events Ug VYbeam run ‘V( Gsel:l]l;l #Events | U | Ypeam run

1 200 380 M 25 MeV 53 Run-10, 19 1 13.7 (100) 50 M 280 MeV -2.69 Run-21
2 62.4 46 M 75 MeV Run-10 2 11.5 (70) 50 M 320 MeV -2.51 Run-21
3 54.4 1200 M 85 MeV Run-17 3 9.2 (44.5) 50 M 370 MeV -2.28 Run-21
4 39 86 M 112 MeV Run-10 4 7.7 (31.2) 260 M 420 MeV 2.1 Run-18, 19, 20
5 27 585 M 156 MeV 3.36 Run-11, 18 5 7.2 (26.5) 470 M 440 MeV -2.02 Run-18, 20
6 19.6 595 M 206 MeV 3.1 Run-11, 19 6 6.2 (19.5) 120 M 490 MeV 1.87 Run-20
7 17.3 256 M 230 MeV Run-21 7 5.2 (13.5) 100 M 540 MeV -1.68 Run-20
8 14.6 340 M 262 MeV Run-14, 19 8 4.5(9.8) 110 M 590 MeV -1.52 Run-20
9 11.5 57TM 316 MeV Run-10, 20 9 39(7.3) 120 M 633 MeV -1.37 Run-20
10 9.2 160 M 372 MeV Run-10, 20 10 3.5(5.75) 120 M 670 MeV -1.2 Run-20
11 7.7 104 M 420 MeV Run-21 11 3.2 (4.59) 200 M 699 MeV -1.13 Run-19

12 3.0 (3.85) 260 + 2000 M 760 MeV -1.05 Run-18, 21

Most precise data to map the QCD phase diagram
I < VSN < 200 GeV, 760 > Up > 25 MeV
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STAR Acceptance (A. Pandav, CPOD22)
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1) Clean PID. Acceptance does not change vs. \/Sypy;
2) Similar acceptance for 7, K and p;

3) For protons:

BES-I: lyl<0.5,04 <pr<2GeV/c
BES-II: Iyl <0.7*%,04 <pr<2GeV/c
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BERKELEY LAB

Net-p in 200 GeV p+p and Au+Au Collisions
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Charged Particle Multiplicity
SQM2021, QM2022
1) In 200GeV p+p collisions, high order cumulants ratios of net-protons are found to
be positive for: C,/C,, Cs/C, and Cg/Cy;
2) For QGP matter, LGT predicted negative net-baryon Cs/C, and C¢/C,;

3) Direct evidence for the QGP formation in 200GeV Au+Au central collisions!
HotQCD Collaboration, PRD101, 074502 (2020)
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Net-p ko> Energy Dependence
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| High-Energy Nuclear Collisions and QCD Phase Diagram

LHC RHIC & BES FAIR,
At LHC and RHIC top T T T
p— e i " T
> Jet qU.CIlChiIlg; i Quark-Gluon Plasma Hi gh baryon density:
» HF R, and v, data; 156 | B /77 — Inner structure of

compact stars

> Net—p C6/C2

e

outer crust 0.3-0.5 km
L ions, electrons

inner crust 1-2 km
0.5-2 ~4—— electrons, neutrons, nuclei
o \ outer core ~ 9 km
neutron-proton Fermi liquid
few % electron Fermi gas
inn

er core 0-3 km
quark gluon plasma?

~
(e¢]

1) At ug ~ 0, smooth
crossover. ug/T < 2
(LGT);

2)CPat ug/T =2 0 — 500 1000 500

Baryonic-chemical Potential U, (MeV)

Temperature T (MeV)

1) RHIC BES: — search for 1%t-order phase transition and QCD critical point;
2) Baryon interactions (e.g. N — N, Y — N) — inner structure of compact stars

I
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iy High Rates CBM Experiment
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Target | [ MvD/STS | RICHTRD |{ TOF | ECal |{ PsD

CBM Experiment at FAIR

Transition
Racdliation "
. Electrn-
Ring Imaging Detectors magnetic
Cherenkov ™ Calorimeter
Detector

Silicon
Tracking
Stations™ -

Vertex
Detector
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- FAIR: The brightest
accelerator complex;

- Precision measurements at
high baryon density region:
(i) Dileptons (e, u);

(i) High order correlations;
(iii) Flavor production (s, ¢)
and hyper-nuclei

CBM: BES-Ill experiment
(2.5 <\/syy <4.9GeV)

9/15



CBM TOF at STAR

Au Target ]

iariey <o tATDet pos.
Qll‘lder vertex (~500 o)

B =
T 0

N
3
[T rlu i}
B ' N\aeaeck.
BN
= 55 \e
g T
4 14

7 FORWA
s TEAeKING
~

e

|‘\|! |Ir ||\|r rjr-/‘

ENNWMWQWMWM\

CBM participates in RHIC BES-Il in 2019 — 2021:
» Complementary to CBM program: /syy =3 - 7.2 GeV (760 2 pg 2 420 MeV)
» Strange-hadron, hyper-nuclei and fluctuation at the high baryon density region

I
Nu Xu “Chirality Retreat Agenda” UCLA, December 2 — 4,2022 10/15



P, GeVl/c

CBM Proton Acceptance

\Syn= 2.86 GeV

" Au+Au

[Spn= 4.9 GeV

CBM simulations

Protons |




2 CBM Measurements N Dermann

CPOD2022
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N. Herrmann
CPOD2022
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N

Utilize CBM experiment at FAIR with

high rates and mid-rapidity coverage QCD Phase Structure and
and study the QCD phase structure at Baryonic Interactions at High

1) Complete the Scar Ch fOf Critical pOth BNL, DUKE, IU, INT-UW, KSU, LBNL,
and 1%-order phase boundary in the MSU, NCSU, OSU, PU, PURDUE, RICE,

SBU, TEXAS A&M, UC DAVIS, UCLA, UC

energy range 2.9 — 20 GeV RIVERSIDE, UIC, UIUC, UH, UNC, WSU

(800 > pip = 250 MeV);

2) Dileptons: nuclear matter EOS;
) P 22 institutes signed on to the whitepaper!

3) Hyper-Nuclei, Y-N interactions and
EOS at high baryon density — inner
structure of compact stars

arXiv: 2209.05009
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