STAR overview

Prithwish Tribedy for the STAR collaboration (Brookhaven National Laboratory)
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Outline <STAR

Small systems:
Forward di-hadron correlations Talk by Xiaoxuan Chu (Tue 18:40)
Collectivity in 3He+Au, d+Au and p+Au Talk by Shengli Huang (Tue 18:40)
Initial Stages of A+A:
Effect of deformation on vn - <{p, correlations and <{p, fluctuations Talk by Jiangyong Jia (Thu 16:35)

Longitudinal de-correlations, (anti)-particle vz, elliptic flow at high p+ Talk by Maria Stefaniak (Tue 18:40)

Ultra-peripheral collisions and strong field effects:
Photoproduction of J/{ in d+Au collisions Talk by Xiaofeng Wang (Wed 18:45)
Photoproduction of low pr di-electron in UPC & peripheral A+A Talk by Xiaofeng Wang (Wed 18:45)
Probing nuclei with linearly polarized photons Talk by Daniel Brandenburg (Wed 19:25)
Search for the Chiral Magnetic Effect Talk by Jie Zhao (Thu 15:55)
Forward upgrade and STAR beyond 2021+ Talk by Ting Lin (Thu 16:35)
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- Forward di-hadron correlations

- Collectivity in SHe+Au, d+Au and p+Au



Forward di-hadron correlations in p+A collisions

Kinematics probe
gluons inside nuclel
at small-x

Albacete et al., Phys. Rev. D 99, 014002
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Forward Meson Spectrometer

| Area of C(A®) :
Trigger hadron

p+p > p+Al > p+Au
Width of C(Ad) :
p+p ~ p+Al ~ p+Au

Associated hadron
GBW model:
Stasto et al., Phys. Lett. B,
716(2012) 430-434

Talk by Xiaoxuan Chu
(Tue 18:40)

2.0-2.5®1.0-1.5 GeV/c VSnn =200 GeV
pAugBw STAR Preliminary
Area Width
O pp: [ 0.0057 = 0.0001 (0.68 + 0.01
* PAl: | 0.0041=0.0002 | 0.68 = 0.03
® pAu:" 70.0033 + 0.0001 | 0.64 + 0.01

STAR Preliminary
1.5-2.0 GeV®1.0-1.5 GeV

" pAu/pp

Area Ratio

Vsnn =200 GeV

10000 20000 30000 40000

Event Activity (2 Essc, A-going)

Suppression of back-to-back nopairs In p+A relative to p+p increases with A & event activity

STAR



Forward di-hadron correlations in p+A collisions

Forward Meson Spectrometer

Trigger hadron

Ad

Associated hadron

L N C(ag) =

Npair (Ad))

Ntrig X Ad)

v 1.5-2.0 GeV/c 2.5-3.0 GeV/c (® rcBK, b=0

® 2.0-2.5GeV/c A 3.0-5.0 GeV/c

&
E
<
o
®
2
<

STAR Preliminary
p+Au, pp Vsnn =200 GeV

- p._=2.0-2.5 GeV/c
T2

20000 40000
Event Activity (2Essc, A-going)

Talk by Xiaoxuan Chu
(Tue 18:40)

STAR

v 1.5-2.0 GeV/c 2.5-3.0 GeV/c

T1
® 2.0-2.5 GeV/c

p
A 3.0-5.0 GeV/c

STAR Preliminary
p+Au, pp Vsnn =200 GeV

p. =2.0-2.5 GeV/c
T2

20000 40000
Event Activity (2 Essc, A-going)

More significant suppression of area at lower pt and no modification of width
Saturation frameworks correctly predict the systematics of area suppression in p+A



Collectivity in small collision systems Talk by Shengll Huang <o

SHe+Au d+Au p+AU (Tue 18:40)
Y (Ag) P (sys) = F x Y (Ad)(pp) + Y (Ap)" 4 (sys)
. s ' sub ___raw o NCh (pp>
Q P (sys) = ¢V (sys) — ¢ (pp) N, (5y5)
Consistent results using different methods c1(pp)

cp'” (sys) = ;"™ (sys) — cn(pp)

of non-flow subtraction that decreases v- c1(sys)

0.20F a) 0-10% °He+Au 0.20 b) 0-10% d+Au 0.20r ¢) 0-2% p+Au

: STAR:w/0 Sub.
TPC Cent.:Ini<0.9 STAR preliminary g * w/0 Su

NN a 0.15 Y+ STAR:Sub. by c;

¢ STAR:Temp. Fit
OPHENIX  *®

ref

0.2< p7r <2.0 GeV/c

10 15 20 25 . . 1.0 15 20 25
p_ (GeV/c) p_ (GeV/ce)

vo(3He+Au) ~ vo(d+Au) > vo(p+Au), ordering consistent with PHENIX results, role of final state is established
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Collectivity in small collision systems Talk by Shengll Huang <o

SHe+Au d+Au p+AU (Tue 18:40)
Y (Ag) P (sys) = F x Y (Ad)(pp) + Y (Ap)" 4 (sys)

q s ‘ sub ___raw NCh (pp)
Cn (SYS) — Cp, (SyS) — Cn (pp) Nch (SYS)

Consistent results using different methods c1(pp)

cp'” (sys) = ;"™ (sys) — cn(pp)

of non-flow subtraction that increases vs c1(sys)

d) 0-10% °He+Au e) 0-10% d+Au f) 0-2% p+Au
TPC Cent.:Inl<0.9 ' STAR preliminary ' % STAR:w/0 Sub.

|'Sy = 200 GeV O STAR:Sub. by c.
3¢ STAR:Sub. by ¢_

{) STAR:Temp. Fit

L

QGB 0.2< pT < 2.0 GeV/c

0.085"05 10 15 520 25
p_ (GeV/ce)

|Anl > 1

STAR results: va(3SHe+Au) ~ vs(d+Au) ~ va(p+Au), using different methods & coverage from PHENIX
Cross-experiment task force working to understand the apparent STAR-PHENIX discrepancy



Initial Stages of A+A

- Effect of deformation on v, -<{py correlations and <p; fluctuations
- Longitudinal de-correlations, (anti)-particle vs, elliptic flow at high p



Nuclear deformation & vn-<{pp fluctuations Talk by Jiangyong Jia <. Sap

Poster by Chunjian Zhang (Mon 19:40)

Giacalone, Phys. Rev. Lett. 124, 202301 (2020) . N=2

Side-Side U+U | Treessens,

Large v2 & low {pp

STAR Preliminary
Y Tip-Tip U+U —e— Au+Au 200 GeV
Sma” Vo & hlgh <pT> | ~o— U+U 193 GeV

O.2<pT<2 GeV, Inli | ‘ O.2<pT<2 GeV, Inl«1

_ 200 400 600
~ N>~ (nl<0.5) N (nl<0.5)

Au+Au (Baseline L. . L
( ) V, (sensitive to shape) & {p, correlations are negative in central U+U

™~
Vv, (less sensitive to shape) & {py correlations are positive

2
cov(vy,, [pr]) Au+Au results = good baseline for nearly spherical shape

V/ Var(v7)ayn (0prdpr)

Anti-correlation of v, and {py indicates possible sensitivity to deformed shape of Uranium

p(vi, [pT]) —



Nuclear deformation & {p7> fluctuations Talk by Jiangyong Jia sy

Poster by Chunjian Zhang (Mon 19:40)

Giacalone, Phys. Rev. Lett. 124, 202301 (2020) /Q\:_ TAR Preliminary > STAR Preliminary
~ —o— Au+Au 200 GeV .
>~ —e—
;\-I__ o= Uaili 168 BaV (\g/_ Au+Au 200 GeV
Ze ~
. . — Hydro AuAu: _=-0.13 A —&— U+U 193 GeV
- 20
Side-Side U+U g Hydro UL B,-0.00 o
low {pp Hydro UU: B, =0.28 s
Hydro UU: 3 =0.40 =
2 Q_}_
oo}_
.. S
Tip-Tip U+U .
] e T PY YT L L L, e o %o 09
hlgh <pT> ..0. l +
."ooo¢

1074

O.2<pT<2 GeV, Inl<1 0.2<pT<2 GeV, Inli

0 200 400 . C600
N, (ml<0.5)

Au+Au (Baseline)

™~
Standard \/<5pT5pT> Intensive T __ <5pT5pT6pT> <<pT>>

dpr = pr — |p1 Variance * PT ({p1)) Skewness (Sprdpr)°

Higher order fluctuations of {p;» show difference in central U+U and Au+Au — sensitivity to deformation
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More on flow and de-correlation & 3D initial state Talk by Manﬁem%;; STAR

Poster by Maowu Nie (Mon 19:40)

STAR Preliminary
0-10%

0.9 M Au+Au 200GeV
W Au+Au 27GeV

- :Slope: 0.136 + 0.002 + 0.004
- -Slope: 0.171+ 0.007 £ 0.014

RHIC de-correlation ﬁ 1
results do not follow - -Slope: ozeo+ooo7+ooos

C . ) - -Slope: 0.566 + 0.052 + 0.043
beam rapidity scaling
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More on flow and de-correlation & 3D initial state Talk by Maria(_?:zf?gizlg) STAR

LI N U A N L L L L L L B L B B B B
Au+Au, 0-60 %

Poster by Maowu Nie (Mon 19:40) STAR Preliminary

—_— l 1 1 1 I l I 1 1

b Y w*-w, 02<p_<1.5GeVic
STAR Preliminary | S - " K'-K, 02<p <15GeVic -
N

. R Rl /\nti-(particle) vs:
‘ i @ constraints on

\ _ Il nitial state

o e s U i o il models at low Vs

W Au+Au 27GeV

| - .Slope: 0.136 + 0.002 + 0.004
| - -Slope: 0.171+0.007 +0.014
L l 1 1 L

01 02 '(/)fs' MC |
VY pean Isolating flow & global mom.
R conservation at high pr

STAR Preliminary -
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l . T - 10-20% GMC A T 20-30% Au+Au 200 GeV
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PHENIX-r° *@" _
| : . |
RHIC de-correlation | Bauhuzoocey g™ f

0.7'_ M Au+Au 27GeV

results do not fOllOW [ - .Slope: 0.290i0.007i0.0(56~\

- = -Slope: 0.566 + 0.052 + 0.043

beam rapidity scaling 08l

—

02 s
VY peam Poster by Niseem Magdy (Sun 19:45)
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Ultra-peripheral Collisions & Strong Fields

- Photoproduction of J/g in d+Au collisions

- Photoproduction of low pr di-electron in UPC & peripheral A+A
- Probing nuclei with linearly polarized photons

- Search for the Chiral Magnetic Effect

13



(Wed 18:45)

PhOtOprOdUCtiOn Of J/l.lJ in d+AU UPC Talk by Xiaofeng Wang STAR

o Total cross section is a combination of: '
) _— 1. Coherent contribution (~exp(-b 1tl) ) ‘'@

, 2. Elastic nucleon (ep HERA & other templates) ~
" 3. Nucleon dissociative (ep HERA) & @
“

t=p

=200 GeV  STAR Preliminary d+Au s, =200 GeV  STAR Preliminary Prediction:
( Wy,kp > 25 GeV y'd—>Jhy + X (W ) ~25GeV v¥+d — Jhp + X

e Total data HUlthen+CGC
. e Total data O n-tagged data . ]
Fit to data: k — Total fit ‘ — Coherent: Hulthen Mantysaari, Schenke,
-+ Coherent » —— Incoherent: No fluc. Phys. Rev. C 101,
Coherent + & ~astie nucleon N Total = Coh. + Incoh. 015203 (2020)
_ . : 0 n-tagged data E ‘ Overlay of prediction
—lastic nucleon + . b=8.5 +/- 1.0 GeV-2
\Iucleon dISSO 11? R
ep H1: : T }
Eur.Phys.J.C 73 (2013) 6,
2466 Without sub-

nucleonic & Qs
fluctuations

The coherent diffractive component extracted constrains gluon distribution inside deuteron
14



PhOtOprOdUCtiOn Of J/l.lJ in d+AU UPC Talk by Xiaofeng Wang STAR

(Wed 18:45)

quasi-real photon Total cross section is a combination of: '
Y Ty 1. Coherent contribution (~exp(-b [t[) ) &% :

, 2. Elastic nucleon (ep HERA & other templates) g
" 3. Nucleon dissociative (ep HE

t=p

X

F|t {o d ata: d+Au |'s,, = 200 GeV STAR Preliminary d+Au |s,, = 200 GeV STAR Preliminary Pl’ed ICtIOn :

(W )~ 25 GeV v*d = Jiy + X (W )~ 25 GeV v*d — Jhy + X
+. VP Y°P
Coherent: ly 1<1 e Total data Hulthen+CGC
e Total data Iy 0 n-tagged data Mant i Schenk
~eX (_b t|) ‘ — Total fit —— Coherent Hulthen antysaari, schenke,
p -+ Coherent Incoherent shape/Q_fluc. Phys. Rev. C 101,

“lastic nucleon: st e LR o120 (2020
—1aSl U : - o n-tagged data
ep H1 SR, b=8.5 +/- 1.0 GeV/-2
Nucleon disso: Jf -------------------------
ep H , T }
Eur.Phys.J.C 73 (2013) 6,

2466 With sub-

nucleonic & Qs
fluctuations

Data at large t (mostly incoherent) favors CGC predictions with sub-nucleon scale and Qs fluctuations
15



Photoproduction of low pt electron-positron

Talk by Xiaofeng Wang ~_STAR

vv—ee (A+A UPC) STAR Collaboration, arXiv:1910.12400 (Wed 18:45)
e+ -

0.45 <M, < 0.76 GeV/c? STAR
Breit-Wheeler Process and

g PR} e o
vacuum birefringence . N
*
% I
VAR eB > eBc ~m. ~ 10°T B S ¥
* | -
. . R L APERLY
Constralnts.on B-field A m% TN 0
Strength & Ilnear ——l Polarized yy — e*e (QED) \ I’:‘ventDrS'a
& polarization of photons "
yy—€'e P

(A+A 80-100 %)

>

0.45<M,, <0.76 GeV/c®
STAR Preliminary

Excess of low pr electron- — Fit Cx(1 +A,, cos4A9)
positron production studied ¥ Au+Au 80-100%  |/s = 54.4GeV
in 54.4 GeV peripheral Au &
+Au collisions 5 Ly
v e

First study of azimuthal angular modulations of in
peripheral AA and its energy dependence

STAR overview, P. Tribedy, IS 2021 16



Talk by Daniel <_s7aRr
Brandenburg
(Wed 19:25)

Probing nucleil with linearly polarized photons

—FE --B

arized y+e_\ _
cCiNng p—TT+ 7 Interference
due to two
nuclel

. 650 < M™ < 900 MeV/c?
Preliminary

—+— Au+Au

norm. counts

'_r
P

_g{‘r,l
_I_-, < I
¥ Yegle
W

¥

Preliminary

! &3

f(Ad) = 1 + a cos(2A9)
_Au+Au: a=0.292 + 0.004 (stat.) £ 0.004 (syst.)
U+U :a=0.237 £ 0.006 (stat.)= 0.004 (syst.)

0 0.02 0.04 0.06 0.08 01 0.12 0.14 0.16 0.18 02 0.22 0.24
AY([r" + 7], [n-77]) P (GeV/c)

Observation of two-source interference effects, amplitude shows structure & sensitivity to nucleus shape
17



Search for the Chiral Magnetic Effect

Four equations, four unknowns:

Ay*8(¥zpc) + Ay*¢(¥zpc) = Ay(¥zpe)
Av*8(Urpc) + Ay°*E(Urpc) = Ay(¥TpC)

AyP*E(Uypc)/AyP*E (U rpc) = v2(¥zpc) /v (¥TPC)
Ay 8(Uzpc)/ AV (¥rpc) = v2(¥rpc)/v2(¥YzDC)

Case of CME from this analysis is fcme (Ru) > feme (Zr)

Talk by Jie Zhao
(Thu 15:55)

Au+Au and U+U collisions (20-50%))
STAR prelimipary

l: —e—i ] combined
——i Y2012 U+U

|
|
| —e—1 Y2016 Au+Au
|
|

—e—i Y2014 Au+Au

——+—e————1 Y2011 Au+Au
h* p_:0.2-2.0 GgV/c ~ TPC sub-event

-20% -10% 0% 10% 20% 30% 40%
.I:EP
CME

STAR

% g Isobar results
45 g dlre coming soon
L) - o
./ /4]

¥ &

¥ iy
\ Y7 _

Two important steps:

ok ) o) 1) Fill-by-fill switching
@ " L 2) Blinding of data
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Forward upgrade and STAR beyond 2021+

19



Prospects of initial state physics: why STAR and RHIC ?

Causality precludes late-time
correlations to spread over large n
Past capabilities (STAR 2017)

(wide acceptance — strength) S (e
a
A1 Bl TPC (p ,charge,PID) BBC (hits)

1S 202N~

Current & future capabilities (STAR 2018-)

iTPC 201 9-(|oT ,charge, PID) EPD 2018-(hits,nMIP)
¥ /' A FCS 2021-(EMCal, HCal) FTS 2022-(p_,charge)

EPDW-EPDE iTPC-EPDW EPDW-EPDW

AN
NN

N
N

> >
= =
9 e,
o) o)
@ ©
S | -
o O
S S
> >
) s
7)) 7]
Q Q
\ -\
Q@ Q9
S O
£ £
© ©
o o

TPC-BBC
EPDE-TPC
EPDW-iTPC

TPC-TPC

EPDE-EPDE iTPC-EPDE EPDE-EPDW

Max(Ybeam)
Max(Ybeam)

20N :

Wide range of species & energy — strength

2 4
MaX(Ybeam)

-4 -2 0 2 4
Particle-1 pseudorapidity Max(Ybeam)

Au+Au At RHIC it is possible to build detectors that can span
0O+0 p+Au  p+p from mid-rapidity to beam rapidity
% . . .
¢« B - @& Goal: best utilize the remaining few years

of RHIC running to better understand initial
stages before the EIC era

Ru+Ru SHe+Au d+Au
|IP-Glasma initial energy density, 7=0.4 fm, single central event, fig: Chun Shen QM19
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Prospects of future measurements (A+A)

Talk by Ting Lin (Thu 16:35)~ STAR

Poster by David Kapukchyan (Sun 19:45)

Forward Silicon Tracker (fall 2021)

SNO755 : The STAR Beam Use
Request for Run-21, Run-22

Small Thin Gap Chamber (fall 2021) :. 0+0

Forward Calorimetry

/ (Jan 2021)
9 A
- (1/2/?/ a 6 A
! __(3/.’%/
o K

Anticipated O+0O: more insights on collectivity in small collision system
Au+Au: 3D initial state, space-time structure of vorticity with hyperon Pu(n)

0-5% CMS Pb+Pb 2.76 TeV n=2 n=3
3DGlasma: n=2 n=3 Torque (WNM): n=2 n=3
0-5% STAR run23 Au+Au 200 GeV Proj. 108 © n=2 5 n=3

STAR Au+Au \'s, . = 200 GeV Projection (run2023)

20-60% (40-80% for 2.5<n<4) o A+R.
+ =45,
S — _,_’ 3 Q-+Q
A, geometric model
Ad PICR hydro Data |
=, AMPT x A KA

STAR overview, P. Tribedy, IS 2021 21



Prospects of future measurements (p+p/A)

Talk by Ting Lin (Thu 16:35)

Poster by David Kapukchyan (Sun 19:45)

Forward Silicon Tracker (fall 2021)

SNO0755 : The STAR Beam Use i
Request for Run-21, Run-22 &8

Small Thin Gap Chamber (fall 2021) P¥P

~

Forward Calorimetry
(Jan 2021)

p+Au

Kinematics of RHIC
NEERNIGCINERICRE
close to EIC

Direct photon & Drell-Yan measurements with STAR
forward upgrade — strong constraints on nPDF,
High statistics p+p/A — more insights on small system collectivity

Measurements with A = 56 (Fe)
W.Z° pPb Vs = 5 TeV

— LHCb CMS /ATLAS -- ALICE
= VA DIS (CCFR, CDHSW, CHORUS, NuTeV)
o DY (E772, E866) E906

eA DIS (E-139, E-665, EMC, NMC)

starting up: JLab-12

STAR-pA DY Vs =200 GeV

R, .. statistical uncertainties

Sy = 200 GeV

recorded 2015

L,,,=100 pb™, L e =0.45 pb™’

delivered 1
Lp p_293 pb, L i =1.76 pb°

- combined

STAR

STAR overview, P. Tribedy, IS 2021 22



Summary & fake Stay Home STAR

Interesting systematics of suppression of back-to-back forward di-hadron pairs in p+A relative to p+p
More from Xiaoxuan Chu

STAR observes consistent system independent vs in p/d/He+Au with three non-flow subtraction methods
More from Shengli Huang

v2 -{p correlation and higher order fluctuations of {(p; hint sensitivity to deformed nuclear geometry
More from Jiangyong Jia, Chunjiang Zhang (poster)

Longitudinal de-correlation, (anti-)particle vz and high prt vz revisited, many new insights
More from Maria Stefaniak, Niseem Magdy (poster), Maowu Nie (poster)

Photoproduction of J/g in d+Au UPC studied with different template to extract the coherent component
More from Xiaofeng Wang

Observation of two-source interference effects in polarized y+A collisions, sensitive to colliding nuclel
More from Daniel Brandenburg

First observation of azimuthal angular modulations of di-electron in peripheral Au+Au at 54.4 GeV
More from Xiaofeng Wang

Isobar results to make decisive test of CME is coming soon, new techniques, prospects beyond isobar
More from Jie Zhao

The STAR Forward Upgrade is progressing very well, initial state physics will be of paramount interest
More from Ting Lin, David Kapukchyan (poster)
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