Selected STAR Highlight

Shengli Huang
for the STAR collaboration

Stony Brook University, Chemistry Department

*i U.S. DEPARTMENT OF ‘ . .
@ ENERGY q\\\ Stony Brook University



Outline

M\ysics to address: \ STAR Measurement: "\

Initial Geometry Small system: flow, jet
Pre-equilibrium Flow correlation and
decorrelation

Longitudinal structure
DO v,, A polarization

Strong EM field
Low p; di-lepton, J/Y

y+y, y+nucleus \
interaction /

/

Shengli Huang 2



Outline

ﬂ\ysics to address: \ STAR Measurements:’
Initial Geometry 1» Small system: flow, jet

\

~

g

Flow correlation and
decorrelation

Pre-equilibrium

Longitudinal structure
DO v,, A polarization

Strong EM field
Low p; di-lepton, J/Y

y+y, y+nucleus \
interaction /

/

Shengli Huang 3



Outline

@ysics to address: \ STAR Measurements:’
Initial Geometry - Small system: flow, jet
~{
Pre-equilibrium -~ ., Flow correlation and

17 decorrelation

Longitudinal structure”
DO v,, A polarization

Strong EM field
Low p; di-lepton, J/Y

y+y, y+nucleus /
interaction /

Shengli Huang 4



Outline
M\VSiCS to address: \

Initial Geometry

—

Strong EM field

y+y, y+nucleus
interaction

/

Shengli Huang

N
Pre-equilibrium \\
N
Longitudinal structure_ \\\

»

STAR Measurements:’

Small system: flow, jet

Flow correlation and
decorrelation

DO v,, A polarization

Low p; di-lepton, J/Y

/




Outline

@ysics to address: \ STAR Measurements:’
Initial Geometry Small system: flow, jet
Pre-equilibrium Flow correlation and

decorrelation

Longitudinal structure
D, v;, /A polarization

Strong EM field — |

B P Low p; di-lepton, J/Y
y+Y, y+nucleus - — /

interaction /

Shengli Huang 6



Flow in Small Systems

e I"I*’I“I’T'I",é"l Gev 7 Two particle correlation in
280 0.2<p"<3GeVic 7 d+Au@200GeV with |n[<0.9
o ommsp OSKNIIS = and [An|>1.0
Qg - ® Y(A¢): <dN/dn>=17.8 i
T 070 o FY™(a0)+G =
Z - ridge peri. ] ..
S, oms _:em;l:; Y - Event activity: BBC (-2>7>-5)
S wmp .. od 1+ HM:ridge + jet
s E LM: jet
0.7705—- _f
— g N B «— Ridge signal (flow) is extracted
Astrad) by template fit
¢ Ytempl.(Ad)) =F XYperi.(A(l)) + Yridge (Ad))
* where

¢ Yridge(Aq)) = GX(I + 2X Z%zz Vn,nXCOS(nAd)))
ATLAS:PRL 116, 172301 (2016)
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Flow in Small Systems

_III|III|II1|III|III|II1|III LI LI LI T I III__III|III|III|III|III|III|III|II1|III|III|III|III_
0osE- a)w/o subtraction —+ b)Template fit E
0.07F —+ =
« 0061 + [o] @] e
> - + ]
— - T ]
S 0.04F =+ E
I= 0035 F d+Au 200 GeV ]
~F  integral v ; <dN/dn> F d+Au 62.4 GeV ]
0.02 i : d+A v -
E [n/<0.9; 0.2<p_<3.0 GeV/c T u39 Ge ;
0 01:_ ! . = ¥ d+Au 19.6 GeV
: - STARPreInmmaryE O p+Au 200 GeV
000_||||||||||1|||||||||||1||||||||||||||||||1|||||_I|||||||I|||||||||||I||||I||||1||||l|||||||||||
0 2 4 6 8 10 12 14 16 18 20 22 ) 2 4 6 8 10 12 14 16 18 20 22
<dN/dn> <dN/dn>

» v, from template fit shows a
universal trend as a function
of <dN/dn>
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Flow in Small Systems
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Flow in Small Systems
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Flow in Small Systems

II|III|II1|III|III|II1|IIIIIIIIIIIIIIII

_III|III|III|III|III|III|IIIIIIllIIIlIIIIIIIlIII_

0osE- a)w/o subtraction £ b)Template fit E
0.07 —+ 3
« 0061 + @@ o] e
> - T EI ]
(_U 0.05— -1 I -
— C I ]
D 0.04F =+ =
- o I ]
c 0.03 C T ® d+Au 200 GeV ]
~F  integral v ; <dN/dn> F B d+Au 62.4 GeV ]
0.02 —+ ' d+A v .
C [n|<0.9; 0.2<p_<3.0 GeVic T u39 Ge ]

0.01 ! - ¥ d+Au 19.6 GeV

. : STAR Preliminary T O p+Au 200 GeV
000_||||||||||1|||||||||||1||||||||||||||||||1|||||_I|||||||I|||||||||||I||||I||||1||||l|||||||||||

Y0 2 4 6 8 10 12 14 16 18 20 22 ) 2 4 6 8 10 12 14 16 18 20 22

<dN/dn> <dN/dn>
STAR, PRL 122 (2019) 172301

ok - 1 > v, from template fit shows a
025 N T I universal trend as a function
S0 Mg PEEEIIll of<dN/dn>
x i | T |
= 0BE e s, » A smooth trend from small to
Au+Au —@— o . i
oL A ¥ g, - large system.
E d+Au —&— vy, 3 .
prAN o e » Driven by hydro flow?
o1 02 03 04
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c,{4} vs <dN/dn>

x10” x10” x10°
Elllll‘lll |||'[l||||llll||||IEEIIIIlllIIIIIIIIIIIIIIIIIIIIIIEEIIIIIIIIIIIIIIIIIIIIIIIIIIIIIEEIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE
0.16¢ a) d+Au 200 GeV T b) d+Au 62.4 GeV c) d+Au 39 GeV T d) d+Au 19.6 GeV]
0.14fF -3 T + ;
0.12¢ A I<0.9 i
_010F 0 Ed 0.2¢p <3.0 GeV 7
< 0.08F 3 .
'0.06F 3 <dN/dn>: [n[<0.9 ;
0.04F i : 2“’ Rl
0.02F () WF AR Preliminary]
0.00F "M gg— ; ]
00z LI | | | # &l | F T P ST P B | T A T
|l O | | L1l | L1l I L1111 | L1l | L1l I L1l L1l I L1l LUl L1l I L1l I C1 111 | L1111 L1111 | I L1l I I L1l | L1111 L1111 L1l L1l I
0 10 20 30 40 50 6 10 30 40 6) 10 20 30 40 50 6) 10 20 30 40 50 60
<dN/dnp <dN/dq> <dN/dn> <dN/dn>

{4} =K e 2(itdj=br—b s r¢ o~ i2(@i=d)) 5
®i, P, br, ¢; are the azimuthal angles of four different particles in

anevent; {) represents the average over all particles from all
events within a given multiplicity range

v {4} = Y2 (4}
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» C,{4} changes sign at high

multiplicity (|77]<0.9) in
d+Au collisions at 200 and
62.4 GeV

» Collectivity in small system
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Detector level uncorrected

3 =y
8 | dNg  PiiMarers 0:30% EA s o
=— S = —o— (7/8)n< | Apkn
= gg'@ . trlg de Jet
_ g = —4— (4/8)n< | Ad f<(5/8)x
= g e —%— (3B | A |<(4/B)x
— —¥— (2/8)n< |A¢ |<(3/8)x
;_ § :9:_0_ —B— (118 IA:EZB)n
= - S—
10“‘;— I %? .
O I === ,
28 F YSTAR Preliminary ‘ oy R
5 £ 2F e o 200 e
@lf F R=0.4, [nusl<0.6 » Event activity by BBC
15F% gog-sat(r:ikgrou‘nst;ht;tcl;acted .
- eV trigger in » Suppression of away
k2
= side jet above 10 GeV/c
05} l t » Due to bias of event
:u FRNENS TRNE TR NN SNN TR TR TN [N N SN TN TN NN SN SN TR SO NN NN SN SN TN NN SO SN SR SN NN SN SN SR S NN S 1 ?
% 5 15 20 25 30, 3% selection:
Pt aw » |Is there still room for

“ David Stewart
Wed 5:10 PM ,301 medium modification?
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Flow correlation

Cy22 =< V4v5c05(4y — 4h3) > Cs23= < V5V3V,€08(5¢5 — 33 — 21P,) >
x107
[ | T T T T | T T T T | T T T T T T T ] | T T T T | T T T T T T T T | I_
L (a) Au+Au 200 GeV T (b 02 <pr<aGev/e Hydro-1 == ]
0.8F Standard method & 1 (x10) Hydro-ZE .
E n=2m="2 Two-subevent method © E n=2m=23 Hydro-2" KX E
- T ]
0.6: : ]
: : EL“‘-“-“»", "'.’ :
O .4 B T - . oy, ]
E 5 0 ;
0.2¢ > T s @ ]
EQ > (1) P. Alba, et al. PRC 98, 034909 (2018)] “g‘f‘ ) o Y
O —_ |Ej| i 1 1 1 | (|2) Bsqhepkef ct |a1' |PR|C 9|9’ q4'4?08|(2(|)1Sfy | S 1 1 S|’-‘[‘|AR| Plrelllnlllniar}{ 1 1 1 | _n—
20 40 60 0 20 40 60
Centrality % Centrality % Anl > 0.7
» Two-subevents method to suppress the non-flow B

» Sensitive to initial condition, n/s etc

Niseem Abdelrahman
Wed 2:40 PM ,301
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Nonlinear mode-mixing

Paz2 =< cos(4Y, — 4,) > Ps523 =< cos(5YP5 — 33 —
T KA 200 Gev @ Hydrol gy " Tiydo &
ALICE [Pb+Pb 2.76 TeV] <> p4 22 T ps 23
12F S a3 1
0.8F ocod T .
: g AR :
| »"“Yim‘“““ A W QSQ;(
0 4 N ) }X)‘ “;\““‘ - 9)2( —
i x‘ STAR Preliminary Z. > (1) P. Alba, et al. PRC 98 , 034909 (2018) |
0Ok 1 | | | _"_ | (2)B.Schenke, etal. PRC 99, 044908 (2019) ]
0 20 40 60 0 20 40 60
Centrality % Centrality %

» Carry information about EP angular correlations
» Same as ALICE, nonlinear mode-mixing increase for peripheral

» More constraints on hydro calculation
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Longitudinal flow de-correlation

ry rs

lllllllll]lIllllllllllllllll

~

_IIlllllIllllllllllllllllllll

1:' 'STARPreIiminary 5-10% _ 1 STAR Prelminaty 5-10% | ra(n) = (Va (=) Ve (et ))
e ] - 1 (Ve m)V3 (et ) )

CMS PRC92, 034911(2015)

L N i - - h % =
0.94f ATLAS (4<n_<49) N A E NG ] VaGr2) V. (m)
[ STAR(25<n <4) O] 0.8 R
0 92; [JATLAS Pb+Pb 5.02 TeV ] E — CLVisc (ideal) PbPb 2.76 TeV E T2
. | I ATLAS Pb+Pb 2.76 TeV i 075_— -—-CLVisc AuAu 200 GeV (n/s =0.16) -
- M STAR Au+Au 200 GeV 7 r — CLVisc (ideal) AuAu 200 GeV h
O.g-llll|lllllllll|llll|llll|lll- O7'||||11||||11|||||11|||||11||'
0 0.05 0.1 015 0.2 0.25 0 0.05 0.1 015 0.2 0.25
n/ybeam r]/ybea.m
ATLAS, EPIC 78, 142(2018)
EPJA 52(2016) 97
PRC 97,064918(2018)

» Stronger decorrelation at RHIC energy.

» Hydro. cannot describe LHC and RHIC data simultaneously

» Results of 54.4 and 27.6 GeV will come soon!
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D v,: Tilted QGP and EM field Effect

impact parameter

Initial conditions

1 TB, « DOdirected flow
L « Initial B-field, initial
conditions in
longitudinal direction

z

In non-central collisions,
the initial collective longitudinal flow velocity depends on x.

» Charm dragged by tilted QGP, leads 5

Das et. al.,PLB768(260)2016

. Hydro+EM  AutAu, |5, =200 GeV
to large v, 2k op 3
A B
> Due to EM field, further splitting & of TN :
~0 > _4E . N E
between D® and DO v, Sy T B
_oF 1, =0.4 fm R
[ 0=0.035fm ]

_3', " 11 — 6 — ‘1‘

- n
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DO directed flow

STAR,arXiv:1905.02052

Au+Au \'s,, =200 GeV, 10-80%

o o]
a) io_,w g.f’{:-“r_] .
: 2"l - Subhash Singha
0.05 ] —— i Wed 6:10 PM,301

STAR _ E
e D%+ D°(Uc +ud) th
-0.05F o K+ K"_(Ds + US)
Model:(D° + D°)
—— Hydro+EM (Chatterjee et.al.) — — AMPT
| 1 1 1 |
-1 -0.5 0 0.5 1

Rapidity (y)

» First observation of D° v,, ~10 times larger than kaon’s

» Also larger than prediction of hydro

6/22/19 Shengli Huang 20



DO direct flow

STAR arXiv. 1905 02052

o STAR -
) I = T o T - SO
a) $ S 1o} § e b) m D°- +[<)* (Tc - uc)
0.05 R S— | 008 a K -K"(Us -us)
-1 -0.5 0 0.5 1
T y
A~ — —_— il G I Tt |
>1— 0_ 0----- DA.E_‘\\QF‘;F}__J&:Q“Q;D. ..... i 3---1 : OP—{\-A e LD ”
~ ‘\ﬁaa\\
STAR  __ ; O
e D’+ D (dc +ud) \ af ) =5
-0.05F o K +K'(Us +ujd) -0.05 Model:(EDN| -([I)I) ) L al)
P = . as et. al.
Model:(D" + D) _ — Hydro+EM (Chatterjee et.al)
——— Hydro+EM (Chatterjee et.al.) —— AMPT L ! ! ! L
’ \ -~ -1 -0.5 0 0.5 1
-1 -0.5 0 0.5 1 Rapidity (y)
Rapidity (y) pidity ty

» First observation of D° v,, ~10 times larger than kaon’s

» Also larger than prediction of hydro and AMPT

> D% and DO v, are same within uncertainties. Measurement
not yet sensitive to EM field
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A polarization and Influence of B field sre

impact parameter

. antiparticle
particle /p

L

L

Reaction Plane

I beam direction

In non-central collisions,
the initial collective longitudinal flow velocity depends on x.

STAR, Nature 548, 62 (2017)
T T I 1 1 T T LI II

« . ;\? Au+Au.20-50%
» QGP vorticity can be transferred to ~8r * At .
i i |e.| A 491
A polarization of i
4 ]

expected between A and A

» Due to B field, further splitting is -_# j} !
K tey % |

?

10

6/23/19 Shengli Huang 10
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/A global polarization@200GeV

STAR, arXiv:1805.04400

rawessaszcorn | > Global polarization of A is
or OR observed for first time in
PRC76.024915 (2007) Au+Au@200 GeV
+A FA
i analysi P,,(z_\) (%] = 0.277 4 0.040(stat) £¢ 019 (sys)
| * & P (M) [%)] = 0.240 + 0.045(stat) +9-045 (sys)
» Precision not sufficient to
. .
[ STAR Aushu 20% 500% \Q see the dlfferenc_e
- UIQMD#VHLLE, A between /A and /A
| primary -- - primary+feed-down
. AMPT, A
i primary primary+feed-down .
P » Analysis of >x10 of 27.6

(5o [GeV] GeV data is underway!
NN
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/A local polarization@200GeV

STAR, arXiv:1905.11917

A . 0001
= | STAR  Au+Au \s,, =200 GeV
—¢n > - 0 o/ _RANo°
/ beam direction (z) N 20 /o 60 Yo
X @Q}Ql . *
v b _ 8 (sn(li—gp))
\@Q%O y = ron Res(¥y)
. [ ...
— Hydro calculation of P; o
F. Becattini and |. Karpe
PRL120.012302 (2018

Pe, JEyw = 200 GeV RHIC

0.016
g 0,012
0,008
0.00¢ out-of-plane

sl | :
N N | o | R B
px [GeV/c] ¢_\P2 [r ad]

» Local polarization (along beam direction) shows a quadrupole
structure, the sign is different from the hydro calculation. It is still

not understood

fit: po+2p1sin(2¢-2‘}’2)
*A P, =0.01620.003 [%]
WA P, =0.015+0.003 [%]
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/A local polarization@200GeV

STAR, arXiv:1905.11917
0.001

[ STAR  Au+Au |5 =200 GeV
: 20%-60%

beam direction'(z)

8 (sin(¥; — ¢7))
TOH R.es(\Ill)

— Hydro calculation of P; /T TN H _________
F. Becattini and . Karpe~t~ - "
PRL.120.012302 (2018 Ok 'S i % P

Py =

P2, Eaw = 200 GeV RHIC

0.016
- 0,012
0,008
0.00¢ out-of-plane

0,000
—0.004 I
—0,008 IN-g

=0.012
—0.016

fit: po+2pisin(2¢-2‘l’2)
*A  p =0.016:0.003 [%]
* 0001 ¥A P,=0.015:0.003[%]

il : 0 1 p, 3
px [GeV/c] -V [rad
e -\, [radl]

» Local polarization (along beam direction) shows a quadrupole
structure, the sign is different from the hydro calculation. It is still
not understood

» The sign may depend on the relation of magnitude between
spatial and flow anisotropy from BW model| S.Voloshin, arXiv:1710.08934
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Ann. Rev. Nucl. Part.
Sci.55:271
(2005)

I-
S = 4 R pomeron =P @, b, 1Y
photon-photon photonuclear
interaction o« 74 interaction oc Z2
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Coherent y+y, y+nuclear processes

photon-photon photonuclear
interaction o« 7% interaction o< Z2

» How about these processes in hot QGP?

» A new tool to study the QGP properties!

6/22/19 Shengli Huang 28



Di-electron enhancement at low

10

T . 1T . T LA L B B
| Centrality: 60-80% e 0 0.4-0.76 GeV/c?

[ Solid: Au+Au 200 GeV K 0.76-1.2 GeV/c* x 107

[ Open: U+U 193 GeV ¢ O 1.2-2.6 GeV/c* x 10
L —— Au+Au Cocktail -

dp, (GeV/e)™)

photon-photon

i
. : ¥ o :
interaction < 74 > 1 ——
- STAR ps>0.2 GeV/e, nfl<, [y*l<1 -

|

L L L L . . . . | .
0 0.2 0.4 0.6 0.8 1
P, (GeV/e)

STAR,PRL121(2018)132301

» Significant di-lepton enhancement at low p- is observed!
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Di-electron enhancement at low P+

... Hot_Med + yy—ee (Zha et al.) i
- Hot_Med + yy—ee (STARliéht)!
— Hot_Med (broadened (s) + QGP)3
P,

.-« Photonuclear produce o 1

Centrality: 40-60% 5

FData - Cocktail @ Au+Au 200 GeV
[p:f <0.15 GeV/e o U+U 193 GeV

p;>0.2 GeV/e, ntl<l, |y*|<1
Centrality: 60-80%

]

STAR,PRL121(2018)132301

Comparing to model calculations:

» p broadening in QGP can not explain the enhancement!

» Qualitatively consistent with model including photon-photon
interactions
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Low prJ/Y enhancement

STAR, arXiv: 1904.11658

S - ' l T
C 104:_ & STAR  © U+U40-60% Nucleus/Spectator
8 - ii# " gﬂ o U+U 60-80%
= - | ® | 4 R Ann. Rev. Nucl. Part.
> . L } Sci.55:271
T_10° | . ~ (2005)
S e .- :
g-'- : i V=p,o ,¢, Jy
T o ) . pomeron
&= - E
% N ¢ Au+Au 20-40% 1 Nucleus/Spectator
T Aurhudoson E hotonuclear
- = Au+Au 60-80% : P
Jool . S interaction o Z?
10?2 10" 1 10
P; (GeV/c)

» Significant J/1Y enhancement at low p;relative to
extrapolation
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ORU+,SRu vs 9871 +397T

W. M. Zha et al., arXiv:1810.02064 PLB789 (2019) 238-242

'r106 E 1 T T 1 ] T T Ll T I Ll Ll I T l I 1 1 1 I 1 1 T 1 I T T T Ll 3
R = Au+Au: 60-80% Ru+Ru: 47-75%7
L B e Au+Au data .
% B Au+Au prediction 1
(510 —— Zr+Zr prediction —
~ FE ——— Ru+Ru prediction 3
= ]
u - -
210° . —
© E ¢ =
[~ »
- . 3

107 < photon-photon

- 1 interaction « 74

* 1 L 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1

1075 0.5 1 15 2 2.5 3
M,, (GeV/cd)

» 60-80% Au+Au vs. 47-75% Ru+Ru:
Similar hadronic contribution
Different contribution from photon-photon interactions

» Around 3.70 difference between Ru+Ru and Zr+Zr (estimated from
840M events). STAR recorded 1.6B events for each of them!

6/22/19 Shengli Huang 32



r\ s S A1) Daniel Brandenburg
_ \-‘“"'-\ \- L ] iy )
- : i Wed. 5:10 PM,329

Forward Tracking &
Calorimetry (Not Shown)

o Increase mid-rapidity coverage from Particle Identification : Fixed Target test run 1st order Event Plane Resolution

Inl <1.0to "’I < 1.5 e 2 iz %:5, Te.mEAL — Significant improvement across all centrality
= Au+Au |5y, =27 GeV
EPD 2018 [Fing Weighas|
005 iTPC Run2019 :—_m‘uﬁﬂﬁ— A EPD 2018 [n Weights)
TPC Run2018 ®  B=CBES4
— 0.5 N
. —a
004 - a8 L z 3
, _ | 0.4 )
1 l 1 2 -/ “L ‘- ) . o ™
003 = = L 03 e .
‘
| . .
002 0.2
-
- 01® -
o -
B % 10 20 30 40 S0 60 70 80 90 100
4.1 1 1 1 1 centrality (%)

TN 9 cas e es 1 18 2

GeV/
iTPC:Tracking and PID~|n|<1.5 eTOF :PID"'—1.6p<(172-i).1 EPD: EP~2.1<|7|<5.1

and centrality
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Outlook: Forward Upgrade

STAR Forward Detectors: FTS + FCS  (2.5<n<4.0)

Forward Calorimeter System

Forward Tracking System

Silicon + small-Strip Thin Gap Chambers (sTGC)

» Positive BNL internal review last Nov. and will be ready for 2022
» Very valuable for both cold QCD and heavy ion physics

6/23/19 Shengli Huang 34



What STAR can do in small systems i

»Enhanced STAR acceptance/kinematics
» New subsystems: iTPC (| n|<1.5, PID), EPD (2.1<|n|<5) and eTOF (2019+)
»Forward upgrade with p;, E; and some ID (K,,A, 1% at 2.5<n<4 (2021+)

»Enable quantitative improvements over Geometry-scan |

» Quantitative control of non-flow systematics, behavior of collectivity at
low N,

» Longitudinal dynamics and their impact on existing results

» Comprehensive studies of multi-particle correlation (like LHC)

» Multi-particle cumulants, symmetric and asymmetric cumulants with subevent
methods

> As a first step, STAR proposes a one-week O+0 run before 2022
» Take 400 M minbias events and 200 M 0-5% central events



Why O+07?

» A O+0 run at LHC around horizon (likely in 2023)

Year  Systems, /5.,  Time Line Arxiv.1812.06772
2021 Pb-Pb5.5TeV  3weeks 2.3nb |
pp 5.5 TeV 1 week 3 pb~' (ALICE), 300 pb™" (ATLAS, CMS), 25 pb™~! (LHCb)
2022] Pb-Pb5.5TeV  Sweeks 3.9nb
Proposed LHC run schedule [0-0,p0 | 1 week 500 ub ™" and 200 ub "
2023 pPb88TeV  3weeks 0.6pb ' (ATLAS, CMS), 0.3 pb~ ' (ALICE, LHCb)
pp 8.8 TeV few days 1.5 pb~' (ALICE), 100 pb~' (ATLAS, CMS, LHCb)

> A O+O run at RHIC after BES Il is timely

= First comparison between RHIC & LHC with ~identical Glauber geometry but
different sub-nucleon fluctuation (Q.) for a factor of 10 difference in energy

10 é’ —d+Au 'é Role of Nucleon Subdominant ———>
F —1%04'%0 ] DOF:
1 3
10";- -;
i =
10'25- E
10"%— - p+p p+Au
: E \ v )
10 E
E 3 Role of Subnucleon - i
{1 PR S B ¥ S DgF: u Dominant — Subdominant
Npan
less centrality bias & better Interplay of nucleon vs subnucleon fluctuations

selection of geometry (N, €,)
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Summary

» Collectivity in small system—> Small QGP droplet?

» Flow correlations and decorrelation, which supply new constrain on 3D initial
condition and medium properties

> vi of DO to probe the tilted QGP and large signal is observed. Measured difference
between D° and DP9 is not precise enough to be sensitive to EM field

» Study vorticity using A global/local polarization measurement, the local vorticity
shows quadrupole structure which can not be explained by hydro calculation

» We measured low p; di-lepton and J/i production from strong EM field, which
provide new tool to study the QGP
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summary

» Collectivity in small system—> Small QGP droplet?

» Flow correlations and decorrelation, which supply new constrain on 3D initial
condition and medium properties

> vi of DO to probe the tilted QGP and large signal is observed. Measured difference
between D° and DP9 is not precise enough to be sensitive to EM field

» Study vorticity using A global/local polarization measurement, the local vorticity
shows quadrupole structure which can not be explained by hydro calculation

» We measured low p; di-lepton and J/i production from strong EM field, which
provide new tool to study the QGP

» Recently STAR upgrade(iTPC, EPD and eTOF) and future approved STAR forward
upgrade significantly extend STAR acceptance and PID ability

» These upgrades will provide new opportunity to study collectivity in small
systems

» STAR proposes O+0 run before 2022, which will be helpful to study initial
geometry, thermalization and jet quench in small system
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Backup

Hydro—1 [43] Hydro—2%" [44]
n/s 0.05 0.12
Initial conditions | TRENTO Initial conditions | IP-Glasma Initial conditions
Contributions Hydro only (a) Hydro + Hadronic cascade
(b) Hydro only

(1) P. Alba, et al. PRC 98, 034909 (2018,

(2) B.Schenke, et al. PRC 99, 044908 (2019)

Hydro. calculations which can describe single particle
v, {k} need more work for 3-particle correlations.
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Origin of collectivity in small system

Initial state Pre-equilibrium Hydrodynamics
t=0fm/c t<0.5 fm/c t~0.5-5 fm/c

momentum anisotropy  Non-equilibrium
e.g. mini-jets, glasma transport

Collective expansion

AuAu/PbPb

pp/pA/dA/HeA

--------->

O+0, Al+Al, Ar+Ar etc

* Extend the lever-arm to disentangle contributions from three stages
 Where initial-state interaction become sub-dominant?
* What is the role of pre-equilibrium vs. hydrodynamics?

Further system-size scan needed! Only,RHIC can do this!
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O+0 comparison probe the behavior in between
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Physics potential

1
Projection for ¢ meson v,

0O+0 200 GeV, 0-5%
nl<1.5

T T T T T T

1 week (default)

- 2 week
PR T N T S S
3

4 !

P, (GeVlc)

x10™°
0.02- AMPT O+0 200 GeV
0.2<p_<3.0GeV
il <1.8

Stat. Uncert.
-0.02 1Week  ---v,{4}=0.04
2 Week ---V,{4}=0.06
- 1 V| 1 1 1 1 1 L 1 1 1 1 l 1
0 50 100 150

NP (2.1 <Inl <5.1)

Decent measurement of PID flow
Decent measurement of multi-particle

correlation More to come...
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Future Small System Scan

STAR with new detector capability for collectivity in small system:
v’ Large acceptance to handle the nonflow

v" Study longitudinal decorrelation effect on flow measurement
v Multi-particle cumulant in different rapidity

Opportunity for further small system scan at RHIC :

v’ Extend the level-arm with small AA collisions

v’ Initial geometry is different between symmetric and
asymmetric collisions
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Where initial-state interaction become sub-dominant?
The role of pre-equilibrium vs. hydro?
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Outlook: O+O run

Expected centrality bias on R, Expected centrality bias on R,

R feeooooae . N " ] 0-0, 6,37 TeV
i . _ HG-PYTHIA
N - (arXiv:1705.08856)

- AuAu/PbPb - -

bol Arxiv.1705.08856 B °

E + Impact parameter, 0.2 TeV — .

*" e Multiplicity (3<m|<4), 0.2 T ~

_ + |mpact parameter, 5 TeV i ¢

“I' e Multiplicity (2.5<n|<5), 5 T B

ob M A T . 1

0 20 40 60 80 100 60 70 80 90 100
Centrality (%) Centrality (%)

Where initial-state interaction become sub-dominant?
The role of pre-equilibrium vs. hydro?
Turn-on of jet quenching and heavy-flavor “thermalization”?
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Outlook: O+0O run

5 120[G Hydro Flow PoPbl
- :§ + -
oLw Parton-medium interaction  AuAu
80 "‘-;,3 XeXe
= =
co _: ZrZr/RuRu
L CuCu
R -
20 _—
Geometry
Scan-I L — s s . e :
00 20 40 — 60 810 100 1 2l0 1 4110 1 610 1 810 2(;0

Where initial-state interaction become sub-dominant?
The role of pre-equilibrium vs. hydro?
Turn-on of jet quenching and heavy-flavor “thermalization”?
System size scan needed!! Only RHIC can do!!
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Low prJ/Y enhancement

Zha, PRC97(2018)044910
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» Much larger than expectation from hadronic production

» Qualitatively described by photonuclear interaction
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