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1) Run16 Author List and Shifts

2) BES-I, BES-II, BES-III (?)



Fluctuations in Strongly Interacting Hot and Dense Matter:
Theory and Experiment

EMMI Workshop
@
GSI

November 2-6, 2015

1) BES-I data analysis completed and reported
at QM2015 in October 2015

2) What do they mean, what should be the focus
in BES-I1?

3) Do we need BES-IIl: the next generation
fixed-target experiments?
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1) Chemical Freeze-out:
- Collider Experiments cover: Tey~ 150 MeV, 0 < ug <450 MeV
- Fixed-target experiments cover: 350 < pg < 750 MeV

More dramatic temperature changes in large ug region.

2) Thermal Freeze-out:
- The higher the collision energy, the stronger the collectivity
- The more central the collision, the stronger the collectivity and lower the
thermal freeze-out temperature = similar local freeze-out condition
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1) In heavy ion collisions K*/1r ratio peaks at Vs, ~ 8 GeV,
K-/11 ratio is a smooth and merges with K*/11 at higher
collision energy

2) Model: Baryon density reaches a maximum at Vs, ~ 8 GeV

Au+Au central collisions at Vsyy ~ 8 GeV = pg ~ 380 MeV
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Transverse Dynamics in High-Energy Nuclear Collisions
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Correlations: v,
. 1)Net-Kaon and Net-p
_5 002| | behavior similarly at high
Q>~ energy region and show a
Ry + split below 14.5 GeV Au+Au
S Lol collisions
)
e 2)At low energy, i.e., high net-
© S R R, . 5 R | baryon density region,
o repulsive force becomes
) dominant, see A. Onishi et
(_c3>' al. (05) and R. Rougemont
o -0.01}| =
- Au + Au Collisions at RHIC et al. (15)
> (10 - 40% centrality)
+ @ Net-Proton [ Net-Kaon
-0.021- L __ 1 Au+Au central collisions at
3 10 30 100 300 Vsyy ~ 14.5 GeV D pg ~
Collision Energy Vs, (GeV) 265 MeV
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Net-proton Higher Moment

Au + Au Collisions at RHIC
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(b) 70-80% centrality |
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Indication of Critical Region (CR)?
What will happen at even lower energy?
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= Observed So Far

1) Single particle spectra: compression and the baryon
density, at freeze-out, peaks at sy, ~ 8 GeV
=> ug ~ 380 MeV

2) Correlation: dv,/dy peaks at Vs, ~ 14.5 GeV
> pg ~ 270 MeV

3) Higher moment ratios: ko? dip at \/sNN ~ 20 GeV
=> Mg ~ 200 MeV and sharp increase at low energies
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-~y Event Statistics for BES Il at RHIC

VSnN Events (106) | BES | Ug Ten
(GeV) (MeV) (MeV)

2010 166
62.4 67 2010 73 165
39 39 2010 112 164
27 70 2011 156 162
19.6 400/ 36 2019-20 /2011 3 206 160
14.5 300/ 20 2019-20/2014 2.5 264 156
11.5 230/12 2019-20/2010 5 315 152
9.2 160/ 0.03 2019-20 /2008 9.5 395 140
7.7 100/ 4 2019-20 /2010 14 420 140

1) Event statistics driven by QCD CP search and di-electron measurements
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| BES-II: Chiral Properties

STAR: PLB750, 64(15)
; T | T T T ‘S 45¢ T : N S A B B I !
i : .- Rapp: vacuum p +QGP | — 4E 0 PHSD expectation at BES-II
8 Data - Cocktail oo broadened 0 +OGP > - —— data for M=[0.4-0.75] GeV/c?
il Bl e e —8 35F uncertainty from BES-|
20005 1 = 35E )
No ,.-'f\: ------- PHSD: broadened p +QGP KS) 3 = —_— gES-!I w/ IEPIC
w | / [ current BES1 w/ TPC < o5E T T apps Toc® _
D _ [ ] expected BES2w/ TPC _| % ~E
% IS \i [ ] BES2 with iTPC upgrade © 2 5— i
S | > 15F I
Z S| R 0 = FF TTW LT eeemeeeee
© B . N ) | R S BRI R B | il Shih ]
o N 3 = —
ot —————— T EE = R 05F
LLI E 1 1
= | | | | | 4 o O = E——
0.4 0.6 0.8 1 1.2 S 10 10
—

VS (GeV)

di-electron distributions

8 007 ! ! ' —f
" 006 200 GeV Au+Au E . _ . ]
= ey High net-baryon region:
| —5- p-A(CVE) - o
o p*(CME) = 1) Precision measurements on
0.03 —— p-Kg(no chiral efiects) ~ —

e 2) Global Chiral properties
L gy with identified hadrons

% Most Central

R

Nu Xu “Soft-Hadron Discussions” Berkeley, 16, 2015 14/20



= BES-II: Critical Point

Top 5% Au+Au Collisions at RHIC

e PG | | | |
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1) iTPC extend the rapidity coverage to Ay = 1.6, allowing to
studying kinematic acceptance for the CP (CR) search

2) Precision measurement of net-proton higher moments at
high net-baryon region
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1) Precision measurement for ¢-meson v,

2) Study the partonic vs. hadronic interactions in the

BES-II: Collectivity

0-80% Au+Au Collisions at RHIC

(1) Vs = 7.7 GeV

~ (2) Vs = 11.5 GeV

BESII: ¢-meson v, statistical error

e br_———
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|
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high net-baron region
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{ Au + Au Collisions at RHIC
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Transition
' Radiation %

~ Ring Imaging Detectors
. Cherenkov
Detector

Silicon i
Tracking st
Stations .

p

= CBM @ BNL 1) Study QCD

| phase structure

| " 2) Maintain heavy

b, A | | L ion community
g AN 3) CBM@eRHIC is

an add on cost

T

eRHIC
{ RHIC Ring |
2020 - 2025

CBM@AGS
Vsyy S 5.4 GeV

2025 - ...

CBM@eRHIC
sy S 14 GeV
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Summary

LHC Experiments

lEar/y Universe e raenl 2079-2020: RHIC e-cooling and

iTPC upgrades bring BES-II: a new
era for studying the QCD phase
structure at high net-baryon region
(200 < ug <420 MeV) with
unprecedented precision and
coverage. Possible new discovers
are:

1) The QCD critical point (region)

and phase boundary
2) Properties with Chiral symmetry

T

Hadiron Gas ;
: Superconductor

1
1
1Nuclear /
! Matter Neutron Stars

S ~ T T 2020 and beyond: fixed-target

900 MeV

EOCWELECIE  experiments at large net-baryon
density: 300 < ug < 750 MeV

S = (12 <Vsyy <3 GeV)

BES-III
300 < Mg < 750 MeV
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