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Self-introduction

JaeBeom Park

e Ph.D @ Korea University in 2020

* Member of LAMPS (LEPS) Collaboration at RAON (SPring8)
before joining CMS
e 2015 - Present : Member of CMS Collaboration at LHC

e 2020 - Present : Leader of Dilepton Heavy Ion Physics Group
e 2020 - Present : Liaison of CMS HI in Quarkonium Working Grou|

@ QM 2019 (Wuhan)

Selected analyses for today

o Bottomonium production & azimuthal anisotropy in PbPb and pPb collisions at /sy = 5.02 TeV and 4 /sy = 8.16 Te

[PLB 790 (2019) 270] [PLB 819 (2021) 136385] [arXiv:2202.11807] [CMS-PAS-HIN-21-001] [CMS-PAS-HIN-21-007]

e Charmonium flow measurements in PbPb collisions , /s\y = 5.02 TeV
[CMS-PAS-HIN-21-008]
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https://doi.org/10.1016/j.physletb.2021.136385
https://doi.org/10.1016/j.physletb.2019.01.006
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-001/index.html
https://doi.org/10.48550/arXiv.2202.11807
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-008/index.html
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QUARK- NEUTRONS
GLUON & PROTONS
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NUCLEI
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Quarkonia : Bound states of quark and its anti-quark Iy EY(ISE
— Powertful tool to study thermal properties of QGP oae

T << Te T=1.1T;, T = 2T

0.27,

T. Matsui, H. Satz [PLB 178 (1986) 416] . Digal, P Petreczky, H. Satz [PRD 64 (2001) 094015] 0.741, 117, 231,

€ (GeV/fm?)

Sequential melting by color screening

Y(3S) Y(25S)

Y(1S)
mm) Quarkonia as thermometer of QGP %”

Y - Xe J/‘l/)
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s COlOr SCreening wusessmamsmmmmmmm

§ [PLB 178 (1986) 416]

Vacuum Color Screening
e o

= Gluo-dissociation / landau damping rewesss=s

® Suppression in nuclear collisions

> Static color screening : Debye screening

qi, €

> Interactions with partons
: Gluo-dissociation & Landau-damping i SREE | o 5

== Uncorrelated sssmseenmsmes Correlated memsesss

® Recombination (Regeneration)

> Uncorrelated (off-diagonal) recombination

o

L &
o9 u- ~>0—7

> Correlated (diagonal) recombination
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e Elliptic flow (v2)

® Nuclear modification factor /v
N

dN
% x 1+ ; 2v, cosn(¢p — D,)

RAA

e
«®

-
_ dNy, /dprdy  "hot/dense QCD medium®
B (Nou) dN,,, 1 dpr dy B "QCD vacuum” O S

> 1 : enhancement

» Quantification of nuclear effects = 1 : no modification
< 1 : suppression

> Collectivity (low-pr) -
Path-length E. loss (high-pt) ' '

Color screening Gluo-dissociation / landau damping e, r“"" Uncorrelated messwwmmprmes Correlated remmsesy

________________________________ g..:- g:’::s

aeb

[JHEP 0703 (2007) 054 N -~
Ve Color Screening & a0 PRD 78 (2008) 014017
P ’ o® :’. )%Q fa

(@ —
. ki, nl ks, Pret ki, nl

ks, Prel; €;
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® Nuclear modification factor e Elliptic flow (v2)

,, o A
dNy, Idprdy  "hot/dense QCD medium

(Neou) dN,,, ! dpr dy B "QCD vacuum” @_yt.i

> 1 : enhancement

» Quantification of nuclear effects = 1 : no modification
< 1 : suppression

dN
ﬁ x 1+ ; 2v, cosn(¢p — D,)

Ryp =

> Collectivity (low-pr)
Path-length E. loss (high-pr) ' '

Color screening Gluo-dissociation / landau damping ssens r‘w Uncorrelated wewmmemmremess Correlated rrmsmmemy

[PLB 178 (1986) 416] anela @l

[JHEP 0703 (2007) 054 >~ Py
Vacuum Color Screening & a0 PRD 78 (2008) 014017
o o® :’C fa g
v b o9 e - \)g/?
ki, nl

ko, Pret k,nl k2, Prel, €;

e Centrality (Degree of nuclear overlap) : fraction of total nucleus-nucleus cross-section

[Ogeom~TT(RA+ Re)?] [Oreac~TTb?]
: @& @

Central (0%) Peripheral (100%) L»x
17 May 2022 7
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» ALICE Preliminary (0 b EPJC 78 (2018) 762 (D J/y
» EPJC78(2018)509(0  » PLB 805 (2020) 135434 D
» PRL 98 (2007) 2323010  » PLB797 (2019) 134917 (D
1.4 4 % Prompt J/ (ATLAS) PbPb 5.02 TeV 0-10% lyl < 2
- ® Inclusive J/Y (ALICE) PbPb 5.02 TeV 0-20% lyl < 0.9
19 [ ® Prompt J/Y (ALICE) PbPb 5.02 TeV 0-10% lyl < 0.9
< A Prompt J/y (CMS) PbPb 5.02 TeV 0-10% lyl < 2.4
I 0 Inclusive J/y (PHENIX) AuAu 200 GeV 0-20% lyl < 0.35
1 H----- O Inchusive Jhjr (STARY AuAu 200 GeV 8-20%1yl< 0% = - - -
< 08 _ LHC Pb+Pb 5.02 TeV
o L RHIC Au+Au 200 GeV
0.6 — +
0.4
I —
- gy
0.2 -
i
O | ! 1 | | | | | | | 1 | |
0 20 30 40
pr (GeV/c)
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» ALICE Preliminary (0 b EPJC 78 (2018) 762 (D J/y
» EPJC78(2018)509(0  » PLB 805 (2020) 135434 (D
» PRL 98 (2007) 2323010  » PLB797 (2019) 134917 (D

% Prompt J/Y (ATLAS) PbPb 5.02 TeV 0-10% lyl < 2

B Inclusive J/Y (ALICE) PbPb 5.02 TeV 0-20% lyl < 0.9

® Prompt J/Y (ALICE) PbPb 5.02 TeV 0-10% lyl < 0.9

A Prompt J/Y (CMS) PbPb 5.02 TeV 0-10% lyl < 2.4

O Inclusive J/y (PHENIX) AuAu 200 GeV 0-20% lyl < 0.35
©-Inctusive JArr (STARY AuAu 260 GeV 6-20%1yl~< 05 - - - -

1

< LHC Pb+Pb 5.02 TeV
oC _ RHIC Au+Au 200 GeV

* Raa RHIC > Raa LHC at high-pr : Higher QGP temperature created in LHC

17 May 2022
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» ALICE Preliminary (0 b EPJC 78 (2018) 762 (D J/y
» EPJC78(2018)509(0  » PLB 805 (2020) 135434 (D
» PRL 98 (2007) 2323010  » PLB797 (2019) 134917 (D

% Prompt J/Y (ATLAS) PbPb 5.02 TeV 0-10% lyl < 2

B Inclusive J/Y (ALICE) PbPb 5.02 TeV 0-20% lyl < 0.9

_ ® Prompt J/y (ALICE) PbPb 5.02 TeV 0-10% lyl < 0.9
A~ Prompt J/Y (CMS) PbPb 5.02 TeV 0-10% lyl < 2.4

- % O Inclusive J/y (PHENIX) AuAu 200 GeV 0-20% lyl < 0.35

- O Inctusive JA)r (STARY AuAw 200 GeVf 0-20%1yl"< 05 - - - -

1.4 [

1.2

—
]

LHC Pb+Pb 5.02 TeV

< 08f
o 5 RHIC Au+Au 200 GeV
0.6 - +
0.4 ‘
PP - .
0.2 - + '
O | | | | I | | 1 | | | | | | | 1 1 | |
0 10 20 30 40
pr (GeV/c)

* Raa RHIC > Raa LHC at high-pr : Higher QGP temperature created in LHC

* Enhancement at low-pr in LHC energies : Sign of recombination (abundant charm cross section)

17 May 2022 10
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» ALICE Preliminary (0 » EPJC 78 (2018) 762 (D J/ v » EPJC 77 (2017) 252 (D » EPJC 78 (2018) 784 (D
» PHENIX Preliminary (O » PRL 111 (2013) 052301 (D

» EPJC 78 (2018) 509 (D » PLB 805 (2020) 135434 (D
» PRL 98 (2007) 2323010 » PLB 797 (2019) 134917 (D » JHEP 10 (2020) 141 (O

0.2 - @ Inclusive Ji (ALICE) PbPb 5.02 TeV 10-30% 2.5 <y < 4
+ : 109 : :
Prompt JAp (ATLAS) PbPb 5.02 TeV 0-10% lyl <2 ® Prompt Jiy (CMS) PbPb 2.76 TeV 10-60% lyl < 2.4

® Inclusive J/y (ALICE) PbPb 5.02 TeV 0-20% lyl < 0.9 - Prompt J/y (ATLAS) PbPb 5.02 TeV 0-60% Iyl <2

o ® PromptJA (ALICE) PbPb 5.02 TeV 0-10% lyl < 0.9 015 L O Inclusive JAy (STAR) AuAu 200 GeV 10-40% Iyl < 1

A~ Prompt J/y (CMS) PbPb 5.02 TeV 0-10% lyl < 2.4 O Inclusive J/y (PHENIX) AuAu 200 GeV 10-60% 1.2 <lyl <2.2
§ O Inclusive J/y (PHENIX) AuAu 200 GeV 0-20% lyl < 0.35 LHC Pb+Pb 2.76/5.02 TeV

1.4

. L L
T

1.2

I I LU

1 T t-© Inclusive JAp (STAR)- AuAu 200 GeV-0:20%tyl < 0:5 0.1 ",
I '. ' ok RHIC Au+Au 200 GeV
< 08[ LHC Pb+Pb 5.02 TeV N Y, $
o E RHIC Au+Au 200 GeV > 0.05 [rig|| i
0.6 — + -"fi‘ ! v EI m
- — o L
0.4 I
A i
0.0 o -0.05 |-
0, llllllllllll _0.1-III-I-lIIII|IIII|IIII|IIII|IIII
0 10 20 30 40 0 5 10 15 20 25 30
pr (GeV/c) pr (GeV/c)

* Raa RHIC > Raa LHC at high-pr : Higher QGP temperature created in LHC
* Enhancement at low-pr in LHC energies : Sign of recombination (abundant charm cross section)

* Large vz at low-pr also interpreted as signature of recombination

17 May 2022 11



PbPb 368/464 ub™!, pp 28.0 pb™ (5.02 TeV) °:e

_|||||||||||||||||||||||||||||||||||||||||_ ] 1_2—'"'""|""|""|""""""""'_
1.2  P,<30GeV CMS - a i PbPb 5.02 TeV :
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i Cent. 4 I[N ® 5 ALICE p <15GeVic, 25<y<4 i

1: ________________ 68% CL 95% CL 10_1—660/; - 4 & ATLAS (Preliminary) pT<3O GeVic, lyl<2 7|

0 Z e Y(1S) []Y(2S) ¥ Y(29) T j 0.8 'l:;‘, - o) -
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I @ Y(ZS) T 1 ook @ @ __
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e Sequential suppression! Ras(Y(1S)) > Raa(Y(2S)) >~ Raa(Y(3S))
e Large suppression of Y(3S) in all intervals

* Consistent among LHC measurements

17 May 2022 12



PbPb 368/464 ub™!, pp 28.0 pb™ (5.02 TeV) °:e

_I T | T T | T T | T T | I LI | T T | T T | T T | I 1 | 1 4 30-60% 10-30% 0-10%
1.2 P, <30 GeV CMS — ’ l I I
- IyI <24 T - ¥ Y(1S): STAR Au+Au@200 GeV, lyl<0.5
- Cent. 4 L2 4 Y(S): CMS Pb+Pb@2.76 TeV, lyl<2.4
1 I 68% CL 95% CL Eto_{dd% _ - Rothkopf . |STAR ~_CMS
_ e Y(1S) []Y@S) T Y(29) T 11
0.8e = Y©2S) []Y(3S) T Y(@3S) I o 08 i STAR Preliminary
< ] -+ - -
T 06), H 3719 4l
0.4H 0 —— @ | 04f
: Y(ZS) ® T 1T
0.2 (35 —+ - 02
: % 4 :: : — | 1 | |
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e Sequential suppression! Ras(Y(1S)) > Raa(Y(2S)) >~ Raa(Y(3S))
e Large suppression of Y(3S) in all intervals

e Consistent among LHC measurements <—> Similar suppression at RHIC?
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PbPb 1.7 nlb'1 (5.02 TeV) CMS PbPb 1.7 nb™" (5.02 TeV)

0_2 B | 0_2 _I T'TT | I'TTT | I'TTT | I'TTT | I'TTT | I'TTT | I'TTT | I'TTT | I'TTT | T'TT I_
" pi>3.5GeVic CMS - - pi>8.5GeV/c - Hong, Lee (10-90%) 4
- ' 5.60 % i V<24 —— Yao (10-90%) -
0.151 oot 900 ] 015 o . Du, Rapp (20-40%)
- Y(18) Inclusive J/y - - Cent. 10-90% Bhaduri et al. (10-90%) ]|
0.1~ ©2.5<y <4 (ALICE) - 0.1 (10-20, 40-50, 60-70%) |
_ Y [*] 1 ) T 1
=" I Z = o i :
0.05- — > I |
. $ : oos| T/ . .
- O i - .
A ) 5 ; e ;
: Eﬂ : O emmmmmmmERIREIT :-_.I . _
~0.05F . _ :
B ] _0.05 1111 | 1 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111
0-3 3-6 6-15 O 5 10 15 20 25 30 35 40 45 50
Y(1
p_ (GeVic) p. ! °) (GeV/c)

* No elliptic flow signal for Y(1S)
e Much smaller vz than J/1) — No large collectivity as charm

* Compatible with most models — constraints on Blast-wave model
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[PLB 819 (2021) 136385] [CMS-PAS-HIN-21-007]

1
10° PbPb 368 ub”' (5.02 TeV) e RPD 1.6 nb (5,02 TeV)
:_l L | 1T 1T 1 | T 1T 71 | T 1T 71 | T 1T 71 | L |_: 9000—_ _:
Or . ] - ” CMS ]
- piu <30 GeV ] - W ] 7
8F Hoy" <24 CMS - & 8000 + P 205V preliminary E
_Fli)iew 2015PbPb 8 oot v"12¢ 2018 PhPh:
2 75 Honlti<24 - 0 - + Pr>85GeVIe o bata .
G 6p i Centrality 0-100% ¢ PbPb Data = E(D) 6000 'l <2.4  total E
5 5; — Total fit _f 5 5000;_ Centrality 0-90% - signal _i
B 4:_ = Background = 3 4000; -------- Background —f
c = ----R,, scaled - ~ - .
3¢ = 8 3000mn™" 1) 3
LL C ] GC) - ’
21 oo™ - > 2000 =
@ ] LIJ Z 7]
£ = 1000F -
O: R IR I RN AR N S AR SR RS R B . 08: — .L-:l—‘l"lL 1 ‘-‘f"J “:E:]\J I B R BN R A BN .
8 9 10 11 12 13 14 9 10 11 1 22 13 14
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e First observation of Y(3S) in PbPb collisions : Significance > 5 @

e Larger dataset & machine-learning based analysis technique (BDT)

17 May 2022 15


http://dx.doi.org/10.1016/j.physletb.2021.136385

Observation of Y(3S) in HIC

PbPb 1.6 nb™, pp 300 pb™ (5.02 TeV)

IR L L L B L B
12 <24 CMS -
| Cent. 0-90 % Preliminary  _
T
—+— Y(1S) (2015 PbPb/pp) - . .
0.8 ] e Reveal of sequential suppression!
i —— Y(2S) ]
s 1 Rea(Y(1S)) > Raa(Y(25)) > Raa(X(35))
- Y(1S) — Y9 i
04 ¢ — e Larger suppression in all pr region
_+ _
0.2/— Y (2S) -~
:_._l'_'_l_n:' " ' : -
Oﬁl—: | |*| [ | | T [ i L1 1 1 | ' ‘35“ ]
0 5 10 15 20 25 30
p. (GeVic)

17 May 2022 16



KOREA

UNIVERSITY

<

1905

PbPb 1.6 nb™", pp 300 pb™ (5.02 TeV) PbPb 1.6 nb™, pp 300 pb” (5.02 TeV)

1.6_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I__ ] 1-6_IIII|IIII|IIII| III|IIII|IIII_
PR P, <30 GeVie CMS T B ,\%1 L W<24 CMS B
S .. 4 »n L .. i
Al
lyl < 2.4 Preliminary - S [ Cent.0-90% Preliminary -
—#- Data T ] Z 1.2 — ]
- 0QS +pNRQCD ““-* CIM + nCTEQ15 gg;:zf:nn co ] con g - —=— Data ---- OQS + pNRQCD Coupled Boltzmann Eq. .
......................................................... | R D T rrmrmmmmm
g 1 0-90 % Z - &
H T - 080 .
n T o .
T |7 o -
] []
H T ] Q06 B
4 ;: = n [ ] _
______________________________________________ T ] Z o4 *® —
____________ | a | —
] Q B i
T ] 7 02 ]
O _ I | L1 T Ih-I‘quq-l'lﬁFTHI*I——ILTﬂrT'T—"“‘I"T'I“I‘{"I"I"I"I"}'r"r"'” -'»rb«'l'.h'ff,'.'—,'ie'-g\i_;'—' l | l ] 0 -_--r--t" i s + S A Iv:: [ .I | ..... |I N | I .......... I I ....... I B | T | ...... | ......... | | ..... | | ........ | ........ | ]
0 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30

e Double ratio of Y(3S)/Y(2S) — Imply relative modification of the two excited states

e Most models fail to describe the measurements
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[ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [
1.2 PbPb |s,, = 5.02 TeV CMS -
i Preliminary
1___ ___________________________________________________________________ I
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i & :
O | | | Vﬂ | | | | | | | | A | | | | | | | | | | | |
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[CMS-PAS-HIN-21-008]

PbPb 1.6 nb™ (5.02 TeV)
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_

CMS Preliminary
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® Inclusive J/Y (ALICE) PbPb 5.02 TeV 10-30% 2.5 <y <4

® Prompt J/ (CMS) PbPb 2.76 TeV 10-60% lyl < 2.4

o | % Prompt Jiy (ATLAS) PbPb 5.02 TeV 0-60% Iyl <2

0.2 = 5 Inclusive Jw (STAR) AuAu 200 GeV 10-40% Iyl < 1

" O Inclusive J/y (PHENIX) AuAu 200 GeV 10-60% 1.2 < lyl < 2.2
- % Prompt J/Y (CMS) PbPb 5.02 TeV 10-60% 1.6 <lyl < 2.4

- % Prompt J/Y (CMS) PbPb 5.02 TeV 10-60% lyl < 2.4

* New measurement 2022!

b —— ——— — ——— — ———— — e — ——— —

 High precision up to 50 GeV/c

17 May 2022
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J/P vs P(2S)

[CMS-PAS-HIN-21-008]

PbPb 1.6 nb™! (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)
[T T TT | T T | T T | T T T T | T T | T 1T | T 1T | T 1T | T 1T 1] < i 1 T 1 | 1 1 1 | 1 1 1 | 1T T 1 | T T 1 | 1T T 1 ]
0'5:_ Scalar Product CMS Preliminary ff: 1.4~ Cent. 0-100% CMS
" Cent. 10-60 % ’ - lyl<1.6 .
0.4 L Prompt J/) Nonprompt JAp Prompt w(ZS)_— 1 2 _ ]
_ O 16<lyl<24 O 16<lyl<24 [1 1.6<lyl<2.4 - -
0.3 ¢ lyl<24 ¢ lyl<24 " lyi<24 1 -
- ] ) = Prompt J/ -
- . Prompt (2S) 1 0.8k ptJiyp B
0.2 = O e Prompt ¢(2S) ~
I . . E : i
0.1+ — 0.61 -
N £ —= | + - il | m ]
O e Prompt I/2p—1 O -y E
- b — J/vY : 0.2 .
_0.1E ] <t % ,_@_.% -
:|||||||||||||||||||||||||||||||||||||||||||||||||: O%}

O 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 o5 30

p_ (GeV/c) p. (GeV/c)

e Larger vz observed for )(2S)
: different amount of regeneration? path-length E. loss at high-pt?

e Reminder : Stronger suppression for (2S) than J/

17 May 2022 o1



[CMS-PAS-HIN-21-007] [arXiv:2202.11807]

- > )

PbPb 1.6 nb™", pp 300 pb™' (5.02 TeV) pPb 34.6 nb™", pp 28.0 pb™’ (5.02 TeV)
I I I I | I I I I | I I I I | I I I I | I I I I | [ [ [ [ B I I I I | I I I I | [ [ [ I ]
- i 1.6F b
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| ] o - I ]
0C o6 _ > 08/e e[ " =
: — = Y(3S) . ; -
! . 0.6 1 o =
¢ Tk | 1 =
041§ ¢ + — K .
:+ i 0.4_— ! ]
0.2__ ” i u _ 02:_ _:
_ , : . . i
L || | _ L _
0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | O | | | | | | | | | | | | | |
0 5 10 15 20 25 30 0 10 20 30
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e Smaller suppression in pPb compared to PbPb

e BUT sequential suppression also present in pPb collisions...!
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[CMS-PAS-HIN-21-001] First Y v2 measurement in pPb!

CMS Preliminary oPb 186 nb™ (8.16 TeV)

0.1 5 i 1T T 1 | T T 1 | T 1T 1 | 1T T 1 | T T 1 | T 1T 1 |
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Summary

* Quarkonia : Golden probes to study QGP thermal properties

* Huge amount of efforts done in recent years by RHIC & LHC

* Important contributions from CMS results to understand different
in-medium effects

* Still many things in a question mark
— dissociation/recombination, feed-downs, small systems, etc.

* Future analyses needed to further improve our understanding of
quarkonium dynamics

17 May 2022

24



17 May 2022 25



KOREA

[CMS-PAS-HIN-21-008, QM-link]
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[CMS-PAS-HIN-21-008, QM-link]

pp 302 pb! (5.02 TeV
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UNIVERSITY
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J/Y creation time at high-pr

1905

[CMS-PAS-HIN-21-008, QM-link]

e Traditionally : q-gbar creation time ~ 1/2mq o:a
e Not at high-pt?

qq creation
hard gluon

e Timescale?

PbPb 1.6 nb™, pp 302 pb™ (5.02 TeV)
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Bottomonia flow

[PLB 801 (2020) 135147]

First measurement!

[CMS-PAS-HIN-21-001, QM-link]

. 15CMS Preliminary pPb 186 nb™' (8.16 TeV) 015 CMS Preliminary pPb 186 nb™' (8.16 TeV)
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e In agreement with dissociation only picture pPb :Y(1S)v2 & 0 <> J/ih va> 0
ion!
e Thanks to SHINCHON Collaboration! PbPb : Y(1S) V2 &~ 0 <—> T/ v2 > 0
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5.02 TeV PbPb (0.37-1.6 nb™) + pp (27-302 pb™)
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* Novel probe to recombination/dissociation in-medium effects!

e Similar enhancement as Bs at low-pr

15 20 25 30 35 40 45 50
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1.7 nb” (PbPb 5.02 TeV)

1.8 ~ | ! T CMS
b SMSt : -l p.>15GeVic-
-OL" Promp |
" i m PbPb (5.02 TeV) ~
& 1.4F lyl < 1.6, 0-90% =
3 ¥ <1.6,0-00% > 1F  LHCb e
,]\ ) __ —~ T | . . .
< |l 1.2 | Sla F Preliminary :
8 E 1 s | > 5 GeV/c :
><27}2 I %5 5L Py | i
| 0.8 m pp(7TeV) < L |
n - ]
e o6f lyl < 1.2 (CMS) 2l | _
o N W pp (8 TeV) % bs
S 0.4F lyl <0.75 (ATLAS) °
0 2:_ 10_1 B =
' :F'-_"'_— m E :
O_ L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 - 2 45 15 4 5 25 I I 09 -
10 20 30 40 50 60 70 Do 1 oo 1ooess LY
pp pPb Pbp PbPb
P, (GeV/c)
 Different behavior for )(2S) : System size dependence?
e (2S) also suppressed in pPb — No firm conclusion possible
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Y(nS)/ Y(1S)

0.1

0.0

CMS 4.8 b (7 TeV)

Forward: —$-Y(2S) / Y(1S) ¢ Y(3S) / Y(1S)
Transverse: —+ Y(2S)/ Y(1S) — Y(3S) / Y(1S)
Backward: —¥ Y(2S)/ Y(1S) —¥ Y(3S) / Y(1S)

i“‘_" | T T T

T T T g T,

Qx!'
-i*aﬁgﬁ* 3; .:3;

v

@@33
S5
s oz

p:“ > 7 GeV, Iyl < 1.2

0 10 20 30 40 50

N>

track

Y (nS) momentum direction

T
3

Transverse

Forward

Interaction
point

w3

Backward Track momentum
27 . .
= direction

e If only Y-h correlation exists : Affect only forward region

e Decreasing trend for all regions : Itself implying connection to UE

e Note : pT > 7 GeV/c
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Sy = 24, sT — 1 i pazci PxiPyi
. . Mt Ay Yo Yipn 5 pri \PxiPyi p;i
Sphericity — 0O
CMS 4.8 b (7 TeV) 0.5 CMS 4.8 b (7 TeV)
Y direction - [
: vies) / vits) : bt e, < 085
0.41 : Nifgck:o 0.4 4 0.55 < SI< 0.70
i Nk =1 - ——0.70 < S, < 0.85
AR<0.5 & | ‘ﬂ ; R 2 i ; v o+t + 4 0.85 =S, = 1.00
EO.S_— ¥ 3 ¥ & e - Mg > 2 0.31- : ¥y ; 1 -+ [Y(38) 7 Y(1S)
~ *+ [y@s)/ y(1s) - e 000 - §T< 058
YA @é 4 Niaok =0 C % o © ﬁ%o'ggssﬁo.ss
< 0.2 4 ONRR oy 0.2 & C o + —4—0.70 = 5; < 0.
= T L3N track = R § o —4— 0.85 <S; < 1.00
>~ L * % L 4 Nygoi =2 5 *E % -
i — Niggor > 2 . N
0.17 e Sphericity = 1 0.1
i pi“ >7GeV, ly"1<1.2 - pi“ >7GeV, ly"l < 1.2
0.0_||||||||||||||||||||||||||| 0.0_III|III|III|III|III|III|III
O 20 40 60 80 100 120 140 O 20 40 60 80 100 120 140

N N

track track

2 No dependence of Nimcs Within cone AR<0.5 [  Decrease disappears in low-sphericity

> Different from comover model expectation
(n.b. pr>7 GeV/c / need to compare
multiplicity ranges)

? Connection with UE for jetty events?
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New results in RHIC & LHC

[Poster Session 3 T11 3 L. Kosarzewski]
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S - { + i 3 ] 1 + |
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e e
z (p/p) z (p, /)
* Less isolated J/1 production than predicted by PY THIAS
e Higher J/i-in-jets production than PYTHIAS8 for pr > 5 GeV/c
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New results in RHIC & LHC
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e Larger suppression for the excited state

* Present also at low-pT down to zero
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New results in RHIC & LHC
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e Tension exist both on pT & centrality dependence
e Description for excited states : Strong constraint to models

e Amount of dissociation” and ‘recombination’ still not clear
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New results in RHIC & LHC
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e Difference on Nirk for each state b/w PYTHIA

e Connection to sequential suppression?
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S ALICE Preliminary VOM (0-5%)-(40-100%)

PP, \[Syy = 13 TeV
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e No v2 observed so far in pp collisions

e nonzero v2 observed for D meson and HF charm muon
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