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« Electromagnetic probes
« Heavy quarks and quarkonia

« Jets
« Strangeness
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Direct Photon Measurement
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PHENIX: arXiv:2203.17187
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Nihar Sahoo
* High p:(> 5 GeV/c):

Neoll-scaled p+p results and pQCD calculation
— Prompt direct photon

* Lowp: (<5 GeV/c):
Excess yield compared to prompt photon

Being emitted from hot-expanding fireball
— Non-prompt direct photon
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Direct Photon Measurement
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» Non-prompt direct photon by subtracting of scaled p+p yields

High-pt (Teff = 376 MeV): from earlier phase the evolution
Low-pr (Teff = 260 MeV): from QGP phase until FO — Blue shifted
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Dilepton Measurement

© L— STAR Au+Au 54.4 GeV (0-80%)
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Low Mass region (LMR): 0.2 < Mee < 1.2 GeV/c2
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IMR thermal dielectron: T,g ~ 320 MeV

First QGP temperature measurement at RHIC
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Vector Meson Photoproduction

Subash Chandra Behera

Pb (p) Pb (p) 1o CMS pPb 32.6 nb™' (5.02 TeV)
1 - AL 7 3
2 [ O Zeween /
& [ —®— H12000 (e-p) _
E | —¥%— LHCb (p-p, 7,8 TeV) /
f —@—— CMS (pPb, 5.02 TeV)
< 10 E
(Pb) p (Pb) P ; = T
10° E]JMRT:LO _§
. . i [ yMRT-NLO 7
Photo-nuclear interactions ] s eiamae
T I I I I e 8=0.77+0.14
. . - 10° W,, (GeV)
> Power law dependent photoproduction cross section Eur. Phys. J. C (2019) 79:277
for exclusive Y(1S) : D)
( ) O'Y(Wyp) =AX (W/ 400) _ . _BPb#Pbp 169 b (5.02 TeV)
o)
3.
a1 ° o -
CMS:0=1.08+0.42and A = 690 £ 183 N J et E
7ZEUS : § =12+ (0.8 PLB 680 (2009) 4 T LS ]
O | a1wip 2 "y "ﬂ;
- . 0 |- Pt I_____ﬁ;.s.p.{ ..... # -
» Power law dependent cross section for exclusive S T .
p(770)0: I i
0, = —0.81 £ 0.04 (stat) £0.09 (syst), 6, = 0.36 £ 0.07 (stat) £0.05 (syst) o 5
60=0.24=+0.13 (stat) +0.04 (syst) 1 10 WYp [GeV]
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J/Y Photoproduction in d+Au Collisions

Ashik Ikbal
d+Au F 200 GeV r STAR Prellm/nary
quasi-real photon <w o) = 25GeV | y “4d —>J/1p +x
y* 10° Y |<1 : Iig;:ﬁadata 3
—— Coherent: Hulthen
& —— Incoherent: No fluc.
% 102 Aok Total = Coh. + Incoh.  __
% Overlay of prediction:
;; | 1 without
S | subnucleonic
o i ’ ) fluctuations
. . —1 L1 VI T ' T [
> Total cross-section consists of coherent To s e
and incoherent sources o
d+Au \/s_ 200 GeV Y STAR Prel/mlnary
<W e 2%5GeV | yd—)J/\y+X
» CGC without subnucleonic fluctuations INEAE e e .
describes data at low t (mostly coherent) < | " Iconerent shapefQ, fuc.]
o 102 AT 0 Total = Coh. +Incoh. |
% . Overlay of prediction§
» The coherent component extracted = T T 1 with
. . . . . . S E
constrains gluon distribution inside S | subnucleonic
deuteron © IT T fluctuations
‘ — ) 1!5I 2
T Jy (GeV )
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Spin interference effect for p®in UPC

Ashik Ikbal
R . STAR: signal =« pairs with P_< 60 MeV
" - 1.
at i, = k& o ;
‘o gmzﬁm A ﬁ?ﬁi A
A2_unn :.‘L— g T _ﬁﬁ_ , - f\ ¥ X
+ "~ o e L ‘Y“;-,r-‘-*-":;:‘;r;;'*"'" For=y
A_o-n.u .I’; g \t ,f §* % Jf#
< B + g% T S
— b T Ete £0.6[-f(¢) = 1 + A cos(2¢) Syst. Uncert.
8- "5 o [ MEAutAu: A = (29.1 £0.4 0.4)x107
b P q C04-®EU+U : A = (23.8 0.6 x0.4)x107?
seasdseacs - @ prAU ¢ A = (-0.5 1.2 £0.9)x107
T T
'L —é 0 § i T
¢ STAR, arXiv:2204.01625

» cos(2@) oscillation pattern is measured for pO decay in UPCs, ¢ angle between p0
and one of its decay daughters

> Interference between two identical sources in Au+Au and U+U collisions

» Oscillation is absent in p+Au system => Needs two photon sources to observe this
effect

> Interference measurement for J/y is important to further understand this
phenomenon
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Photon Induced Processes
Prithwish Tribedy

Deep Inelastic Scattering  Ultra-peripheral Collisions

Typical A_pproximate
kinematics: kinematics:

Q? =10 GeV? 5 _g . Q2 ~0.001 GeV?

W,n =100 GeV % (o " Wy ~10-40 GeV
x =104 N X ~103-102

» Ultra-peripheral p/A+A collisions provide opportunities to study photoproduction
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Testing the baryon junction conjecture

> Predictions form Regge theory & baryon Prithwish Tribedy

junction picture:

2 de_I—) — N e—aB(Ybeam—ch)

Npart dy A+A "

42§a/3§1

Midrapidity baryon density slope is consistent
with baryon junction prediction Rapidity dependence of soft baryon

ag = 0.61 =0.03 stopping observed in RHIC

15 ‘ . - photonuclear events
AGS E802 ]
~ —‘— Py T T = T
=} & e i 1 < 12 | STAR Preliminary
I R e e 8 " | AutAu sy = 54.4 GeV (y+Au-rich), [nj<1.0
2 ‘Rﬂ, © RHIC BRAHMS | ® +Au Vs = 54.4 GeV (y+Au-rich), In|<1.
& 4 - RHIC STAR BES-| 311 S .
g 9k $.;  — LHCALCE - g, T i ?
Z L% m = Tl [P S S S ISR S ) i S ) st oL (L (S (i ) R ) i o -1
; <
S m-& : o 5 ¢ 4 i
= ] 5, 08 4 44
e T _ o ® = -07<y<-03
\E/ & o . 308 | #‘ 4; 43 -0.3<y<-0.1
P entral A+A collisions <™ o $ 01<y< 01
0.01 - - - Fit: 1.1 exp(-0.61 dy) s 3 e % 4 © 0.1<y<03
C o 2 07} 4 03<y<05 %
] ! 1 I 1 1 1 > Nel e ’ A 05<y<0.7
1 2 3 4 = 6 7 8 9 = StaFlstlcaI UJncertamjy Only | | | |
W=Ypoarm Yo 04 06 08 1 12 14 16 18

PT (Ge\//c)
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Collectivity in small collision systems
Prithwish Tribedy

[ [
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» Color Glass Condensate (initial state momentum):
v2(®He+Au) < vo(d+Au) < vo(p+Au)

> Hydrodynamics (final state) KNAGRECEZAV)EAZ(*EZal)BRZI{ETAV)

PHENIX results decisively establishes hydrodynamic final state is essential
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Heavy Flavour: R, ,
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04
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Nihar Ranjan Sahoo

» Rjp0f bottom-decay electron less than that of charm-decay
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PHENIX, arXiv:2203.17058
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Heavy Flavour: Ry,

Biswarup Paul

g 1 .4 T T T T I I T T T T I T T T T T T I T T T T I_ §: C | T T T T I T ]
ALICE bi<05 7] x| ALICE Preliminary il
12 Pb_Pb’lszN =5.02TeV - 5 Pb-Pb |sy = 5.02 TeV n
Centrality 0-10% i i Inclusive J/y vl < 0.9 25<y<4
e, = e Data 0-10% ® Data 0-20%
Average D°, D*, D** _ i TAMU TAMU |
° 1'[;i = ~ 7
0.8 o Charged particles 7 i SHM SHM i
o Jhy, 0-20%, |y < 0.9 . ﬁ_H'_
0.6 o PromptJhy, ly| < 2.4, CMS - 1 -H— """"""""""""""""""""""" -
o Non-prompt J/y, |y| < 2.4, CMS ] - .
04 m ] —-E-—E——E__H——H— _l
' $gg o o ] [ L |
0.2 Ly, a2 ] B B
'MO-. : 0 j | 1 1 1 | 1 1 1 i 1 I 1 I | 1 1 1 1
0 1 1 1 1 I I 1 1 1 | 1 1 1 I | 1 1 1 1 I 1 1 1 1 I ] O 5 1 0 1 5 20
10 20 30 40 50 P, (GeV/c)

P, (GeV/c)

Rise of inclusive J/{ Raaat low pr, stronger effect at midrapidity in central events
-> strong signature of recombination

Models that include regeneration either at the phase boundary (SHMc) or during the
medium evolution (TAMU) are both in agreement with data at low p;
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Charmonium: Flow

Biswarup Paul

PbPb 1.6 nb™ (5.02 TeV) PbPb 1.6 nb™ (5.02 TeV)

_I ok d : O U F 8k TTTT TTTT | TTTT | | N L | TTTT | U L | Ll I_ 0'1 5 | T I T I TETT I FETE I FETT I T I RN I EIN ] FETT I T B
0.14 CMS Preliminary - CMS Preliminary -
E Prompt Jiy ATLAS prompt Jiy a i Prompt J/y, Cent. 10-60% Prompt D° ]
0.12 — Cent. 10-60% ® |y <2, Cent. 0-60% ] 0.1+ O 16<y|<24 W |y| <1, Cent. 10-30% —
- # O 1.6<ly| <24 ALICE Inclusive J/y ] i ¢ lyl<24 ATLASc — ]
0.1 ¢ lyl<24 + 2.5<|y| <4, Cent. 10-30%-] = ¥ Ml <2, Cent. 10-20%
C n ] B I ALICE Inclusive J/y T
N 0.08— . - 0-05__ + |y <1, Cent. 10-30% |
> 0.06 +$c £ S ki s Y 1
L [ ¢ ] . i | ]
0.04F ‘ " | i — 0 #jﬂj g +L+ ““““““““ ]
0% I g LS :
O --- - o ofr oo - —0.051 B
_0 O :I | [ . | } ] | | | | | I I | | O | | | | 1111 I | - | | [ O l: _l ;O | I | e O | I {1 | I I | I 1111 I s | I 1111 I ) | I ) | | 111 l_
' 20 5 10 15 20 25 30 35 40 45 50 0O 5 10 15 20 25 30 35 40 45 50
P, (GeV/c) P, (GeV/c)

» Prompt J/: significant v2up to high pt(~30 GeV/c), while triangular flow (v3) is smaller
» Largest J/ voat low pr (~5 GeV/c, expected from recombination)
» High pr v2: path-length dependence effect at play for all particles

17/11/2022 CETHENP2022
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Vo

» Hint of prompt {(2S) v2> 0 (pr>5 GeV/c), larger than vz of prompt and non-prompt J/

Charmonium: Flow

PbPb 1.6 nb™ (5.02 TeV)

T

0.5

0.4

0.3

0.2

—0.1

Illl[lIIIIIIIllllllllllllllllll

III||IIII|IIII|IIII IIII|I|IIIIIIIllIIIIIIIIIIIII_

Scalar Product CMS Preliminary
Cent. 10-60 %
Prompt J/y Nonprompt J/y  Prompt \V(ZS)——
O 16<ly|<24 ¢ 16<ly/<24 O 1.6<|y|<2.4:

® |y <24 ¢ lyl<24 Wy <24

IIII|

II|IIII|IIII|

III||IIII|IIII|IIII|IIII|I|II|IIII|IIII|IIII|IIII_

0

5 10 15 20 25 30 35 40 45 50
P, (GeV/c)

Biswarup Paul

PbPb 1.6 nb” (5.02 TeV)

0.3 __II TT | TTTT I | UL | TTTT L DL I TTTT I TTTT I TTTT | | L | TT II__
C Scalar Product CMS Preliminary 3
0.25 — Cent. 10-60 % =
O 2 Z_ Prompt J/y Nonprompt J/y  Prompt \y(ZS)_:
i el O 1.6<ly|<24 O 16<|y|<24 [ 1.6<ly<2.4]
0.45F o lyl<24 ¢ lyl<24 W y<24
Eo o .
> C ]
0.05~ LH * -
0E : _E*:I r‘#’ :
== | = :
-0.05 =
-0.1F -
:I 111 | 1111 I )| | 1111 | { o O | I L1l | 1111 I )| | [T i | | 111 l:

O 5 10 15 20 25 30 35 40 45 50

P, (GeV/c)

» Prompt (2S) vs found compatible with 0 and with J/{ vs

17/11/2022
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J/W polarization in Pb—Pb

Biswarup Paul

T T
Collins-Soper 3

3 » 05 T ¥ T [T T [T T A— :

3 - ALICE Pb-Pb ys\\ = 502 TeV

I, %EE@: D3 - Inclusive Jiy — p'u E

0.3F 2<p <6GeV/c,25<y<4 :

F T T
0.45_ Jhy — piue Helicity £
0.3F
0.2F
0.1
6  Of-
-0.1
-0.2
-0.3
-0.4

E I I | ! ! I ! ! I ! 0.2 - _*_ ]
F T 1 1 1 T 3 T T T 1 T E B ]
0.4 [@]ALICE, Pb-Pb {5, =5.02TeV,25<y <4 £ E _H_—H— §

LA LU L e
HHHHH]HH
1 1 1 1

0.3 O ALICE,ppVs=8TeV,25<y <4 0.1

0.2 { LHCb,ppVs=7TeV,3<y <35 C ]
o b

0.1
Ay 0
_0_1_ ¢ Stat. uncert. B
|’_"|Syst uncert Event plane

-0.1
-0.2
; _0'2 IIIIIIII | IIIIIIII | | B I | ) I | I 1111 I | - | 1111 | 111 I
: : : : : : 0 10 20 30 40 50 60 70 80 90 100

-0.3
Centrality (%)

LAY ELLLY LU L |
HHHHHH ]

LA LLL) LAY LA R
HHHH

0.4

0.4F
0.3
0.2
0.1
0) QF==mmmmobeereads
-0.1
-0.2
-0.3
-0.4

HHH T

I arXiv:2204.10171

' PLB 815 (2021) 136146 » Significant non-zero polarization (3.50)
R R S A observed in the 40-60% centrality
P, (GeV/c) P, (GeV/c) .
interval for 2 < pr< 6 GeV/c

|||uu|uu|uulunxuu|uu|uu|un|

» The angular distribution of the leptons in the
guarkonium rest frame:

W (6, ¢) (A A ¢,7\0 ¢) = (+1,0,0) = Pure longitudinal polarisation

3420 = (0,0,0) = No polarisation
2 (1 1 19 COS2 0 + Aes SIN? 0.COS 26 + Aoy 5in 26 COS ¢> = (-1,0,0) > Pure transverse polarisation
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Bottomonium: RAA Subikash Choudhury

- -1
30-60% 10-30% 0-10% 0-60% - SO S A B A Al Ml Al W e .,FFE?,E'.Q?P,.’RR,SRQPR (szT?V)
12F T T T ] [as 1 2‘_ ATLAS h 1ok CMS i ]
| Au+Au 200 GeV, lyl <1,0 <p_ <10 GeV/c | I pp, (5=5.02TeV, L =026 fo" 1 cent T By e ]
T obal uncertaint [ Pb+Pb, |5, =5.02 TeV, L =1.82nb" 0-80 % lyl <24 Preliminary | .

| SESEUUOUOUURPTOUOOOINY o..cclvsocrcs % - SN i e e g ) OO . o . T
- - o s v + 090% A
I STAR ® Y(1S) I ﬂ ‘p‘wr ?‘;Gev : :f;:: ] I ~+- Y(1S) (2015 PbPbipp) | 1
i | y"lt. ] ; o N ]

0.8 o Y(@2S) 0.8 - L -+ Y(2S5+3S) 1 i e Y(25)

< | Y I I [ ‘ & Y(2S) 95% CL tré [
ﬁ< 06 @# ¥ YES) 5% Cla) | . 0.6 E H 3 Correlated uncer. ] 0‘5_{ H H . Y(39) =P ]
, i ] [ . ] b i ] ]
041 - @] o 04__ | A ‘ 0‘4'_' H 3 13 -
i L] # i ] ! [ [+ ¥ [¢] 108 F B L . ]
#’ 0.2f 8] o T + 1
02 - 1 ! E}I | W i oo - ] ]
_ . i ] i | N i L T g
0 ! NCO“ llllcertalllty :[ G-l Ll l LR l Ll I I l Ll ]E@l Ll I& l A- co—l Ll 1510 Ll 11& Ll ;é(‘) Ll lzcl)(l)l | Agé(;.IJI é(l]ol Tjs!so Atéolq
' . : ' : ' : 0 50 100 150 200 250 300 350 400
0 50 100 150 200 250 300 350 0 350 ( Npan )
Npart <N>

» Clear indication sequential melting both at RHIC and LHC

Ordering inR,, :
Y(1S) > Y(2S) > Y(2S+3S / 3S)
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Bottomonium: R,,

PbPb 1.6 nb™, pp 300 pb™ (5.02 TeV)

Subikash Choudhury

-l Tl I LB I LI l LU I LI I LI [ LB I L I | i
12-_ p<30GeV/c CMS —- § ESBGR DL EEE PRIEA B2 T2 FERAH BES B P BRI E P § RSN BT A8 PR RS T RE Y RRETS RE-25 RS BRET.TH Y
[T . 1 ©12F  PbPbys,=502TeV,25<y <40 1 T 12 PbPb|s=502TeV,25<y<40 v
lyl <2.4 Preliminary " -
e [ Cont. [ ALICE « Y(1S) = T(@5) ! ALICE + Y(1§) = T(2S) ]
L 0-90% 1 : 1
i ) Comovers  Hydrodynamics ' ' Transport model ‘
r = Y(1S) (2015 PbPb/pp) 1 08 \ Y(19) i '_:" ”;5 =g _ 08 . 1‘(18)po with 77,without regeneration _
081 ] T \ Y(2S) 2l 4: 2/221 1 ; Y(2S) [ with 74 without regeneration -
s [ —-Y(28) 06k \\‘ N0 e . 06k Coupled Boltzmann equations
o6l m h B\ 1 08 =1(15) =1(25)
I = Y(3S) ; }\ 3 x ]
g b g 04f ‘&Q. R ot 1 o ]
0.4 # B F SR 2 N SN B -
I 4 ] 02F PP 4 o2F ]
-y : e ] B
0.2 do ] ) P P P PP s o e o S s ne e P P TN A e S CoT T
) s . a = | 0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
T T P P PR S PN PN " (N (Noaed
c LAl Ll Ll Ll Ll l LAl LA Ll LAl L1l 1
0 50 100 150 200 250 300 350 400
(N,

» Sequential suppression both at mid and forward rapidity
» No rapidity dependence
» Model calculations suggest regenaration effect is insignificant
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Bottomonium: Flow
Subikash Choudhury

PbPb @ 5.02 TeV
S' | ALICEPb-Pb |sy,=5.02TeV 5-60% ok lTeV il i nlb")
0'2'” 25<y<4 ] 025:— CMS Preliminary » Prompt D°, Iyl <1 -
L m  Inclusive J/y ] C W b <1 Prompt J/y, 10-60% New ]
015 e TS . 02 I
- EEEE Y(1S), TAMU model - C ¥ (b —)D" lyl<1 New!
- ——— T(1S), BBJS model - 0.15 (b —) Jhy, 10-60% New! ]
0.1 Z B 16<lyl<24 ]
| * '# i ~ - ¢ lyl<24 .
L ] = Ej + Y(1S), lyl <2.4 o
0.05__ i E * [ ‘ * 7
| ] 0.05F =i il .
% ' ] ; = =_EEEiN,
' Of= T 5 7
5 05: ] p + | cont 00 F -
' [ 1 I l i [ | 1 1 I 7 -0'05; 1 1 1 1 1 | - l 1 1 1 _-
2 4 6 8 10 1 10
P, (GeV/e) p, (GeVi/c)

> Y(1S) v, consistent with zero -> Leaves the medium very early

» Simultaneous description of Ry, & v, can constrain model parameters better
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Jet: Nuclear Modification Factor

Sidharth Kumar Prasad
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» Centrality dependent R, o/Rp in PbPb collisions
aatd e i at2.76 TeV

i » Strong jet suppression in central collisions

1.2F Tpa+lumi 10-30% 510% T 0-5%

| R R » R A/Rep: mild prdependent

> Dense medium formation in central collisions
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Jets

6 pp 5.43 pb™' + PbPb 166 pb™ (2.76 TeV)
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»Ra/Rcp decreases monotonically with increasing <N,

» At low jet pr: no significant rapidity dependence
» At higher jet py: suppression towards higher rapidity
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Raa(V VR pa(ly1<0.3)

Sidharth Kumar Prasad
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Jet Shapes and Fragmentation
Sidharth Kumar Prasad

CMS, |5y = 2.76 TeV pp, _[Ldt 53pb PbPb, JLdt 150ub
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» Jet fragmentation ratios D(z) central/peripheral
» Enhanced yield of low and high z fragments and a suppressed yield of fragments at
intermediate z values
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Jets

Nihar Ranjan Sahoo
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» First indication of jet shape modification due to medium induced gluon radiations at
RHIC
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Strange Particles Femtoscopy

1 Raghunath Pradhan
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» Source size is extracted from KoK correlation and it is increases from peripheral to
central collisions as expected.

> First measurement of AA @ AA correlation in PbPb collisions at LHC
AA @ AA interaction : Attractive -> Not strong enough to produce the H-dibaryon
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Summary

Impressively rich harvest of data obtained from RHIC and LHC:

Electromagnetic probes
Heavy quarks and quarkonia
Jets

Strangeness

Many more exciting analyses are ongoing/planned at RHIC and LHC:

Hot-QCD program: Study the microstructure of the QGP

Cold-QCD program: Transition towards EIC program

Stay tuned!
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Photon Interactions in UPC
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PbPb 368 b, pPb 34.6 nb™’, pp 28.0 b (5.02 TeV)
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Jets:
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