ol STAR Heavylon @ RNC

Xin Dong

Nuclear Science Division / LBNL

lEarly Universe The Phases of QCD

LHC Experiments

Structure and Dynamics of QCD Matter

Temperature

» Study sQGP properties at RHIC top
energy

» Study QCD phase structure through
RHIC Beam Energy Scan

C
170 Mev-. Crossover.

Critical Point

=

Hadron Gas

Superconductor

s » Well aligned with NSAC
A e Long Range Plans 2007/2015

i
0 MeV 900 MeV

Baryon Chemical Potential
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retirees

S. Radhakrishnan Y. Guo X. Sun H. Masui S.Mizuno M.Mustafa  H. Qiu S. Shi J. Thader Y. Zhang

StUdents alumni

cenzen
nnnnnnnn /7

X. Chen G. Xie K. Meehan M. Lomnitz K. Oh J. Xu P. Huck X. Luo L. Ma C. Powell E. Sangaline J.Zhao
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e Solenoidal Tracker at RHIC (STAR) R

i . | ‘
- Large & uniformsacce e at mid-ri\pidity

o E a ‘jil p K tion

esign, anc Ied\,\y RNC*
ek, Gre gl for details
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corerny)f HI Physics Results Led by RNC N'D

DIVISION

1) Study sQGP Properties
+  Systematic investigation of partonic collectivity

— Identified patrticle v,

Synergies with NSD Theory

 Thermalization )
— Heavy Quark Production (D-meson, J/vy) -DM12 >
*  Chiral properties (;Q
— Dielectron production (energy dependence) - DM13 g
* Jet-medium interactions o)
\ — Reconstructed jets, high p; correlations / - DM10 cé)*
®
2) Study QCD phase structure - Beam Energy Scan - DM11 ?

*  Turn-off of sSQGP signatures

— elliptic flow of identified particles

Synergies with NSD Theory
»  Search for critical point J

— high moments of net-proton/net-charge/net-Kaon multiplicity

3) Photo-production in ultra-peripheral collisions
— p/w photo-production

T ——— 4

Oct. 27th, 2016 Director’s Review X. Dong



—_ , . NSD
o) Partonic Collectivity —_—

BERKELEY LAB

DIVISION

coordinate space momentum space

L LI |

0.15F (c) 0-30% I'(d)30-80% ' [ -
& e TEE: ;
 OK ep ¢OA ¢Q T ]

1

q
o

V
o
o
(31

I ot

;“‘ 0.2 — 1.2

Q LL [

E . s 1

(@] — © | 9

2 So08!

< - 06|Illlllllllll*l.l"lllll|IIIIIIII'
or 0 1 2 0 I
Transverse momentum p_ (GeV/c) (mT'mO)/ nq (GeV/ c )

STAR, PRL 116 (2016) 062301 Hiroshi Masui, Shusu Shi

* Precision measurements of multi-strange (¢, E, 2) particles show
Vo(€2) ~ Vo(E) ~ Vo(P),  Vald) ~ Vo(m)

* Number-of-Constituent-Quark scaling holds within 10%
strange quark: thermalized and flows!

Charm quark flows? More sensitivity to medium transport properties

Oct. 27th, 2016 Director’s Review X. Dong
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BERKELEY LAB

Charm Production in p+p and Au+Au Collisions

pre HFT measurements

NUCLEAR
SCIENCE
DIVISION

107 = '
_ gx:\ + do, /0.224 from MR T2 % 2 — STAR Au+Au — D +X @ 200 GeV Central 0- 10°/o ]
‘}:_\ NE 3! —(O— doD /0.224 from Min Bias Run 12] 7 : :
o 10% ‘!‘ — M dog:/0.565 from Min Bias Run 12 5 L ; $’2t|3| U (© ]
% - *\\ — . Levy fitto Run 12 points a - /® N mmaa SUBATECH B
g 10-3 L ‘i = === Power Law fit to Run 12 points | 1 5 — LT dieiem Torino —
S = LN . 3 B —— - Duke w shad i
E . STAR preliminary - Duke W/o shad ]
U N p+p Vs=200 GeV - 7 LANL 5
o = ] 1 [ :t
O 10t _ Pt X 5 - .
Q = STAR: PRD 86, 072013 (2012) o = - —
(5] - —@— dop. /0.224 from Min Bias Run 09 e n | a
= 10%| —A— do/0.565 from Min Bias Run 09 xl‘.u._ —= 05—+ TR s @Ry —
30'8 E | wmmmees Levy fit to Run 09 points \,\ 3 -
o F | memimae Power Law fit to Run 09 points ! ~ n . LT PP s S —
© 0’ FONLL $\\‘~—= et bt L it
E T 1 | 1 | L T B TR .
0 é Lll 6 8 10 0 6| I 8
P, [GeV/c] ( G V / )
p. (GeV/c
T
STAR, PRD 86 (2012) 072013,
PRL 113 (2014) 142301, QM2014 d>N™ /dp.,dy
T
AA 2a7PD
N, d*N" Idp,dy

Mustafa Mustafa, Hao Qiu, Yifei Zhang

 Consistent with the pQCD calculation in p+p 200 GeV collisions
- Raa(D%) ~ Raa(e) ~ Raa(h)
 Coalescence for charm-hadron formation for low-intermediate p; region

» Significant suppression at high p;

» Charm quark flows? - interplays between cold/hot nuclear effects
need D° v, measurement -> HFT

X. Dong
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oo Heavy Flavor Tracker (HFT) Performance 8

DIVISION

BERKELEY LAB

T T T 080% ] HFT details — see L. Greiner’s talk
40 Do UAU O- (<) _:
1 8 GeV/c 1
b 35 E 2010/2011 | 2014 w/ HFT
> O®unlike-sign .
(0] ] . p
= 30Fe, ] DO significance 13 290
o @ = - ~
i ] per billion events
2 20 =
[72] ]
c 15 —: _/"\ T T T T T T T T T T T T
§ 925M ] = s| 0-80% ] —e— data (mass flittmg)
10 =~ events - A . —— SR DS S
O S - oro ..w 53‘;10 2 50<p, <$.0 gz:tta (unhke» side band)f
S Vs+b STAR internal - & §
C|....|....|....|....|....|....|....|....3 L promptDO promptD .
17 175 1.8 185 19 195 2 205 2.1 @1 oSk | T T B‘ decayed D “““““““““““ .
. Z F &
Invariant mass Kr GeV/c? 5 f Undf=8.0/8 ]

so[-Au+Au 200GeV, 10-80% | raw Dy decm/Dmm =0. 065*“ 014
£3.00<p_<10.00 GeV/c > right-sign, same evt 10°E 3
80 - A — wrong-sign, same evt i
&> - 0 .
(&) [ . -
S 70 AL =115 »2/Indf : 40.2/35.0 103 SR SR S o S B ..... > D ....................................... e
© [ o, =54 A :0.86 = 0.158 - .
= 60 - &
o u mean :2.28 = 0.002 i ! ]
— - :0.009 = 0.002 .
\\J), 50 = ? 102 - - STAR internal ="k :
E 40 : 1 1 1 | 1 l 1 | :
3 0 0.02 0.04 0.006 0 08
O 4l D" Dca (cm)
: 1 LDRD16 - Nu Xu
2 STAR intérnal t ++
U IR IR | N PR PP AP PR 7 1 7
A Ty 225 TR T ey m yram Xiaolong Chen, Michael Lomnitz, Mustafa

M . (GeV/c?) Mustafa, Hao Qiu, Guannan Xie
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oo D-meson v, at RHIC e

DIVISION

70% of 2014 Au+Au 200 GeV Data

>N : 0 - [
5 0.3 ' a) @ D_ Au+Au @ 200 GeV, 10-40% ;‘“0 sl b) ® D° Au+Au @ 200 GeV, 10-40%
© i AE et B NECH
g - O A 53 A ~ g 2 T 0 A
D“.’ 0.2 |- = KS ~0 P P2 @ — g 0.1 -~ oK
> B o jgal — I
s [ naamga% ﬁ 8 _ - o} S g @ —
8 ail o0 5o g =T gL P
2 01| Bg + = £ 005 |- —$ =
< ] e + ? i #

- c

B <

STAR internal

| | | | |

STAR internal ~—

. 1 l L l L I L l 1 I il l

0 1 2 3 4 5 6 0.5 1 1.5 2 2.5
p, (GeV/c) (m_-mg) / n, (GeV/c?)
Paper in collaboration review Michael Lomnitz, Hao Qiu

« Significant charm hadron v, at p>1.5 GeV/c

* Vo/n, vs. (my-my)/n,: DY mesons flow the same as light hadrons
- charm quark thermalized in the medium !
- similar observation at LHC energies

T —— 8
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i D-meson R,, and v, Sctewer

DIVISION

BERKELEY LAB

_— o
1.8F '+ STAR Prellm/nary Au+;5u 2ooeev 0- 10% = - e STARD’ Au+Au @ 200 GeV, 0-80%
: 0 1 © == SUBATECH
1.6} 0 y D 2010/11 1 - —— TAMU c-quark diff.
: — TAMU ] = i TAMU no c-quark diff.

1.4 — SUBATECH 41 w02 Duke - 21TD,=7
E n“_, - PHSD
] [ — - hydro

--------------------------- H z | /f
N o B ;
4 =501 .
. o s
{1 @
1 C - Ry &
1 < - -~
P r——] I
L B STAR internal
Lol P gy - | ) | ] | ! | ] | ]
% 1 2 3 4 5 6 7 8 2 3 4 5 6 7
Transverse Momentum p_ (GeV/c) P, (GeV/c)
STAR, QM2015 Michael Lomnitz, Mustafa Mustafa, Hao Qiu, Guannan Xie

« Charm quarks at RHIC show
significant suppression at high p;, Raa(D) ~ Raa(h)
significant flow at low-intermediate py, V,(D) ~ v,(h) vs. m-m,

« Models with a diffusion coefficient 2xTD, ~ 2-12 describe both D° R,, and v,
differences between models to be settled

* Future measurements:
A., Dg bottom production
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Jhp v, and Ry, at RHIC

NUCLEAR

SCIENCE
DIVISION

|

Au+Au 0-80%

® MB Trigger
O HT Trigger

Raa (0-20%)

AutAu— Jy @ 200 GeV

-0.1— initially produced [31] o
. omeosmmessansosun coalescence from thermalized c€ [32]
ST initial + coalescence [34] — Total
02 — — initial + coalescence [35] Initial
"t — — — hydrodynamic [36] - — S Regeneration
- PR R R T T S SR S S— A | A L | e 0 . e ] )
0 2 4 6 8 10 0 2 4 6 8 10
p, (GeVic) Transverse Momentum p_ (GeV/c)

STAR, PRL 111 (2013) 0562301, PLB 722 (2013) 55, PRC 90 (2014) 024906 [ e —

» JAY production
— a mixture of initial production (high p;) and charm quark coalescence (low py)

« Small v, + Ry, comparison to models

* High p; JAp suppression

- coalescence at RHIC is small
- color screening signature at RHIC

Oct. 27th, 2016
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e Dielectrons at Au+Au 200 GeV NER

SCIENCE
DIVISION

< | ! | ! | ! | ' |
% 10 Au + Au \s,, = 200 GeV (MinBias) -
(\(‘2 i p;>02GeVic n°, o, Jy, ¢’ i » Clean penetrating probe to
o 1- mel<t,ly, <1 N, o bb, DY study various stage of HI collisions
o 1071 —~ cCPYTHIA + Goals:
= L0 —— Cocktail Sum '
Q [ o In-medium vector mesons
Z 10° ) o Thermal radiation
© i /
5| [ « Enhancement at 0.3-0.7 GeV/c?
10 i : *\ e N y .
YL e L compared to the hadron cocktail.
| ! | ! | ! I ! |
25 (b) 4 —— Rapp: broadened p +QGP  —

« Vacuum p cannot reproduce the

-.-.-.- PHSD:broadened p +QGP — excess observed in data.

Ratio to Cocktalil
N
[

1.5 - p in-medium modification
11 - chiral property of the medium
0.5
0 3 4
2
M, (GeV/c?) Vi Guo, o Zhao

STAR PRL 113 (2014) 022301, PRC 92 (2015) 024912
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@il Energy Dependence of Dielectron Production [

DIVISION

BERKELEY LAB

2 ety oo ete) o 19.6 GeV x 0.002 x10° — 7. =
“ n-e'ey ~ Cocktail w/o p © 27 GeV x 0.03 - —114
8| 0msee - aGP © 39 GoV x 2 12: dielectron excess yleld at LMR : E
10 - oe'ey - in-Medium © 62.4 GeV x 25 = _ Ji23
- @-e'e(n) - Cocktail + Model © 200 GeV x 200 9 101 ] £
(&) B - - ©
Z sb + 1103
qaol%‘o‘ BES: STAR Preliminary T 8 % s + 1 =
— of ‘, 200 GeV: PRL 113 022301 = 6[ o -8
< 10 | S [ .
N§ Z 4 0.4<M,<0.75 Gevic* 6
O ~ —k— Au+Au 0~80% _
:;g ~<}—:_?_ w{ 9 2r STAR iml‘enlvall | -l-l-l-ITheoryIiifetimtle —:4
= 1072 - 3 196 27 39 624 200
8\0.! .......... T _I_ "‘ T V SNN Gev
me [ |
<2 l —*“l [ A % * Low mass region (LMR) enhancement
= o ] persists from 19.6 — 200 GeV
—— l l T | |
l l -~ ] * In-medium p broadening reproduce LMR
l ﬁf : excesses consistently
10°8 T l | R. Rapp, private communications
* Future measurements:

3 VY ! ! | H ; H ,
C N ' 15 2 25 3 - IMR: separate charm/QGP radiation
invariant dielectron mass, M, (GeV/c®) - direct measure of QGP temperature

- LMR: BES-II 7.7-20 GeV

LMR IMR

paper in collaboration review
Oct. 27th, 2016 Director’s Review X. Dong

STAR. QM2014 Yi Guo, Patrick Huck
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Semi-inclusive hadron+jet Measurement

NSD

trigger
hadron

7

Recoil jet

STAR, QM15
Alex Schmah

jet
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NUCLEAR

SCIENCE
DIVISION

5 0%-10%

—-de Florian NLO

L TN N 3T
Au+Au, \s, =200 GeV
9.0 < p‘T"‘-‘ <30.0 GeV/c

Ag>0.20,R=0.3

anti-k;

stat. error
syst. uncertainty

STAR internal

* Clear jet signals at p; above a few GeV/c
- mixed event technique applied to remove uncorrelated background

* Icp (central-to-peripheral ratio) significantly suppressed
- Out-of-cone energy transfer = -5.0 £ 0.5(stat.) £ 1.2(syst.) GeV/c (R=0.3)

« Trigger: high p; hadron; recoil: reconstructed charged jet, IRC-safe
Semi-inclusive h+jet: calculable in vacuum via pQCD

Oct. 27th, 2016
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i h-jet A¢ Correlation Measurement _—

DIVISION

NSAC Long Range Plan 2015: key heavy e T\ Weak coupling :
ion jet measurement o hard tail ~ —

k4

Large-angle Moliere scattering
probes quasi-particles of medium
Low p; jets have greatest sensitivity

Thermal Mass Gluon$

Strong coupling:

i ' ' . _ Gaussian distribution

- © 60%-80% STAR Au+Au, \s,,=200 GeV

I~ —PYTHIA R=0. i ’

0.15- Ir\\ St GeVie d’Eramo et al, JHEP 1305 (2013) 031
- ! i . . L
o4l ! \ . No evidence of large angle scattering within
—~ 4\ : current uncertainties.
3 i 6 ¢\ :
g 0.05 Y o 6.0
3_ N /é)/ \ ] [0 STAR 60-80%
% Ooooo0oqZou - 9_b_omom<§ —?qllj'\,nz ‘L-'("C‘\ Main recoil peak
3 Ele oo STASRTAR nternal F=y AOp - —r e % broadened in central
% [ —PYTHIA® ME | ~E|§ prs = [9,30] GeV % 4 - [ collisions:
~ 0.15f 4 s p=e = [12, 18] GeV ya S e 5T,
> ; 2.0 J % S ensitive to (GL)
= 0.1 5 é
0.05! 00k 8@
UL 2.4 2.6 2.8 3.0
L Y i Chen et al., arXiv:1607.01932
° i i Alex Schmah ' ' '
d(Ag) (rad) ex Schma paper in collaboration review y
T ——
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ceeeerv]d Completion of Beam Energy Scan Phase |

BERKELEY LAB DIVISION

NSAC Long Range Plan (LRP) 2007
lEa”y dniverse The Phases of QCD 0) Turn-off of SQGP signatures

LHC Experiments

1) Search for the phase boundary

Temperature

2) Search for the critical point

BES Phase-|
170 I\/lev_’Crossover e FAIF o :
Statistics
(Mllllons)
Critical Point : 2010
Hadron Gas > 11.5 ~12 2010
Superconductor
Nucloar / 14.5 S50 2014
Vacuum M Neutron St
oMevt= A 19.6 ~36 2011
0 MeV 900 MeV
Baryon Chemical Potential 27 ~70 2011
RNC initiated and is now leading the BES 39 130 —
program at RHIC 62.4 ~67 2010
200 ~350 2010
BES Phase-Il endorsed by NSAC LRP 2015

Oct. 27th, 2016 Director’s Review X. Dong
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0.08F & A 080w K5E ] STAR, PRL 110 (2013) 142301, Alex Schmah
- |yrsub EP opp PRC 88 (2013) 014902
0.06f x 2&;1\}(_ : PRC 93 (2016) 014907
X I '[ Ant-
>70.04F LV - — , _
A : 1 » Significant difference between baryon-antibaryon
% . : v, at Vsyy<= 11.5 GeV
> 0.02 @$ - 2 NN
L A Qg * Number-of-Constituent-Quark (NCQ) scaling
T S B between particles and anti-particles is broken
0 20 40 60
\/Syy (GeV)
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corerny)f High Moments of Net-proton Multiplicity -

DIVISION

4 (d) STAR Net-proton _| variance  0° = ((N — (N))?
5 = 2 skewness S = ((N — (N))%)
C\ID 3 ly,I<0.5; 0.4<p,<2(GeV/c) kurtosis k= (N — (N)H)
z O 70-80% @ 0-5%
9_ 2 $ } Vg M. Stephanov, 2015
@ 6
Z Ll B s e § &= e baseline
o| (X0 i
STAR Preliminary \ﬁ

5 10 20 50 100 200
Xiaofeng Luo, Jochen Thader, Ji Xu
\/SNN (GeV) STAR, PRL 112 (2014) 032302, CPOD2014, QM2015

» Higher moments - more sensitive to Critical Point induced fluctuations

« A non-monotonic behavior observed for net-proton k*c? vs. energy in
central Au+Au collisions
- connection to critical fluctuations?

 Future precision measurements at low energies with enlarged acceptance

D — ] 17
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ceeer BES-II Physics with Detector Upgrades en

BERKELEY LAB

DIVISION

ad
Hperate iTPC upgrade

vent I'lane SN | - extended tracking n coverage
M | - improved momentum and dE/dx
resolution

Event Plane Detector (EPD)
- improved event plane resolution

- independent centrality determination
- iImportant for fluctuation analysis

Low-mass dielectron excess High moments of net-protons
Loo 4.5 = T T — 1 T 1 - " T
~— 4 = ] PHSD expectation at BES-II | TPC iTPC B
> 3 —«— data for M=[0.4-0.75] GeV/c? 12.5| STAR 7.7GeV Data
—8 3.5F uncertainty from BES-I o~ A 0.4 <p, <2 GeVic
%‘ 3 = —=— BES-Il W/ iTPC *b 10| © o4<pr<oscevi
Z - Rapp's model _ - Il Estimated BES-1l Error I
T 25F =
5 2 = _.9 7.5 . n
D = r o
> 15F S
o F IO SERELELLE I o 5
§ 'E L T 2 +,
< 05F o5l |
Izlc-l 0 E L 1 | ,A,_ ,,,,, wm_ )y ___]
= 10 10° ol AL ¢ . AMPT-sM |
— | ;
VS (GeV) 0 0.5 1 15 2

18
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rever Ultra-peripheral Photonuclear Collisions e i

DIVISION

A High statistics photoproduced n*s™ in UPC
u 0 A :
- pY, direct i, o, p/w interference

/‘/ - p,m magnitudes consistent with STARIight

TR , . . .
 Multiple diffraction dips visible
P Au - expected as nucleus approaches “black disk”
4 = _ _ ~ —
— » 2-d Fourier transformation z) « i\fo (/,,T,,TJO(I,,,T)\/%

FWHM = 2 * (6.17 + 0.12) fm

L Black: data points & fit * Lead-in physics in future EIC experiments
3 Solid blue: — p°
3 Dotted blue: p%mx interference F(b)
E Solid red: A o ] s
2 Dotted red: w/p interference ’ i Preliminary o
; 10!§ § D.Ib:—
E XZ/DOF =314/297 ('\I—' [ Eumsf— y- =
3 " — : P
(8] = el . .
> T f | z
STAR Preliminary e s N 3
2 I - ¢ STAR Preliminary ¢
T " g ‘ * XnXn 3
o} 0.005|— : ?.
............ C - 4 inin %
N ..'. .................... ol DV L e L ‘V
- NPT L LL L P o ~10 5 0 5 10
_ C | T | 1..1"1.-1.1-1 L ' TR BT R RS SR 0. 0.05 0.1 Impact parameter [fm]
85 06 07 08 09 1 11 12 13 t[(GeVicy]
invariant mass of n*n [GeV/c?] in coll ' '
paper in collaboration review
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Summary - Accomplishments and Future Focus -

SCIENCE
DIVISION

Accomplishments
T T T v < T T T T T r ]
:::, STAR Preliminary ﬁigﬁgugét:)gijv‘ow/ % ol Au + Au \Sw = 200 GeV (MinBias) | g 3,@%{.30,.\“/" STAR R anisg‘;c\;sNNﬂm Ge\{
—TAMU O ©50.2 GeVl N , 0.15— [\ e <13 Gevie ]
1af- = suBATECH o~ L p;>0.2 Gevie ™, 0.y, ¥ ~ F ! \\ (d) STAR Net-proton
1 ) Ity e 7,0,56, DY oab F A | 4t profon
PR 0787/, W\ 0 107 —— EPYTHIA 1 - : 14 0 =21
o« o i cC - ] \ —~ o
ZZ % L — Cocktail Sum 8 o0.05- ! ¢ °\$\ 1 X b 3 Iy1<0.5; 0.4<py<2(GeVic)
> i = F G ¥ 0 70-80% @ 0-5%
04 Z 10°F) s o s > g g
o02f [ ° K =5 A CIJ- 2
Pl [ ] 2w 3 51 #
Sag[D) © D AurAu @ 200 GevV, 10-40% = 10% ) = PYTHIA ® ME % B _
s °F eE [ ST S e R > z e @
E [ ; 25 8 25 () 4 —— Rapp: broadened p +QGP - = 0.1 ! ! 9
I . . - -
8 ot cs .3 O 2 --=- PHSD:jbroadened p +QGP 0
D o2 _ T Y
N o T -
30 Qo |
g g # = 1 o 5 10 20 50 100 200
. @ 0.5 4 - . 2 3 4 V! G
0 1 3 4 S eV
I B M. (Gevic) @(Ag) (rad) w (GeV)

(m-mg) /g (GeV/c?)

Future Focus:

1) Heavy quark production:
Charmed baryon A, production, Open bottom production, Heavy quark correlations
2) Di-lepton production: intermediate mass region for QGP thermal radiation

3) Jet physics in heavy ion collisions: micro-structure of the medium
4) Ultra-peripheral collisions
5) Beam Energy Scan - li

Net-proton high moments, Beam energy dependence of di-electron production

20
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BERKELEY.LAB

NSD

oo High Energy Nucleus-Nucleus Collisions

SCIENCE
qQ
P+p

Initial hard QGP Hadron
scatterings phase phase

Freeze-out

coordinate space momentum space

DIVISION
| %

Nuclear modification factor (Rx,)

d°N* /dp.d T : .
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pre-HFT result
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Significant charm energy loss in medium
Coalescence for charm-hadron formation

Charm quark flows? - interplays betwe

- Raa(D%) ~ Raa(e) ~ Raa(h)

en cold/hot nuclear effects
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Two most significant discoveries originated in RNC:

“Jet Quenching’”
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- Significant suppression in particle yield at high
pt in central heavy ion collisions 0.5
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“Partonic Collectivity”
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- Strong collective flow, even for multi-strange 03l ° KZ HEEN
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Heavy lon Collisions:
Au+Au sy = 7.7, 11.5,14.5,19.6, 27, 39, 62.4, 130, 200 GeV
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Particles Anti-particles
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« No clear baryon/meson splitting for anti-particles at Vs\,<= 11.5 GeV

« Indication of p-meson v, deviating from other hadrons at Vs, <= 11.5 GeV
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70% of 2014 Au+Au 200 GeV Data
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Papers in the collaboration Michael Lomnitz, Hao Qiu

« Significant charm hadron v, at p>1.5 GeV/c

* Vo/n, vs. (my-my)/n,: DY mesons flow the same as light hadrons
- charm quark thermalized in the medium !
- similar observation at LHC energies
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70% of 2014 Au+Au 200 GeV Data M. Lomnitz, H. Qiu
’ QM2015
03 L L CO- o
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Significant charm hadron v, at p;>2 GeV/c
v2/nq VS. (mT-mO)/nq: indication of D-meson lower than Ks, ¢, Q

- caveat: centrality bias (D ~ N, scaling, light hadrons ~ N, scaling)
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(dN1dp,IN,,) .
STAR, QM 2012 cp = ( )
dN/dp,IN,,) .
- STAR Preliminary e 77GeV - 7 O 7.7GeV
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- 27GeV © 27GeV
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’ - HIJING
- (0-5%)/(60-80%)  ° : jet-quenching off
p_(Gevic) pT(Gech
paper in collaboration review Evan Sangaline

« Significant change in the charged hadron R, at low energies

 Similar behavior in HIJING with no partonic energy loss at low energies
- suppression at 200 GeV - partonic energy loss

Hadronic interactions play a significant role at Vsy,<= 11.5 GeV
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High Moments of Net-Charge and Net-Kaon
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High moments of conserved quantities
(net-B, net-S, net-Q) — experimental

susceptibilities of thermdynamic quantities
— calculable on Lattice QCD

* Net-Q and Net-K «*0? vs. energy show no
significant deviation from Poisson
expectations within current uncertainties

* Future BES-II improvements
- higher statistics (machine upgrade)

- higher efficiency, larger acceptance
- iTPC, EPD upgrades

Director’'s Review

X. Dong
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0-10% data 0.50 £ 0.05

* No clear evidence of large angle scattering
with current uncertainties.
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STAR, PRC 86 (2012) 054908 Hiroshi Masui, Alex Schmah, Shusu Shi
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* Similar v, behavior over a wide energy range from 7.7 GeV — 2.76 TeV
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Ultra-peripheral Photonuclear Collisions
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High statistics photoproduced w*s™ in UPC
- p9, direct n, w
- p/w interference
- p,m magnitudes consistent with STARIlight

A clear high mass state
- consistent with p;(1690)

Director’'s Review

N Black: data points & fit
- Solid blue: — p?°
- Dotted blue: p%direct s interference Papers in the collaboration
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 Multiple diffraction dips visible
- expected as nucleus approaches “black disk”

. . | o0 l
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 Lead-in physics in future EIC experiments
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2014 2015 2016 2017 2018 2019 2020 2021+

BES-I BES-II (\syy < 20GeV)

HFT: Open charm/Dileptons

Spin  Chirality pp/pA

/

Precision measurements on HF and dileptons:
Quantify the sQGP properties (hot QCD)

Precision measurements on focused energies
Map out the QCD phase structure

Precision measurements on pp and pA
Study QCD in cold matter
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