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Why Quarkonium?

* Early creation: experience entire evolution of quark-gluon plasma

* Proposed signature of deconfinement: quark-antiquark potential color-
screened by surrounding partons = dissociation R
— J/y suppression was proposed as a direct proof of QGP formation rz 17986 415

vacuum J/\V Temperatare T<T$ Temperat.ure T>T$
6 ? % T Voo~ 1/Ebinding > 1, ~1/T
I I l,_J @ J @
r r

r
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Why Quarkonium?

* Early creation: experience entire evolution of quark-gluon plasma

* Proposed signature of deconfinement: quark-antiquark potential color-
screened by surrounding partons = dissociation R
— J/w suppression was proposed as a direct proof of QGP formation rz 78 1936 416

vacuum JI\V Temperatare T<T$ Temperat.ure T>T$
? ? o~ \z Jhy U I"qq -~ 1 / Ebinding > I"D -~ 1 / T
| l L_J @ @
r r
* “Thermometer”: different states dissociate at 021 074, 11T, 237,

different temperatures = sequential suppression "™ .
Y(2S)

Y(1S)
------ 2,

E,(MeV) ~640 ~ ~ 1100 ~ 500 ~ 200 v A I
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The Complications
Other effects

* (Re)generation
— Deconfinement is a prerequisite
— Depend on species, energy, py, etc

* Medium-induced energy loss
— Color-octet states; parton fragmentation

* Formation time Energy Density
* Feed-down contributions

>

N

(Re)generation

QGP melting

Quarkonium R,
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The Complications
Other effects

* (Re)generation
— Deconfinement is a prerequisite

>

N

(Re)generation

— Depend on species, energy, py, etc

* Medium-induced energy loss

: GP melti
— Color-octet states; parton fragmentation QGP melting

Quarkonium R,

* Formation time Energy Density

e Feed-down contributions & 16 [
v 14 C
Cold nuclear matter effects (CNM) g 12t
° . : : : 08 1
nPDF: shadowing/anti-shadowing S 06l A
* Coherent energy loss £ 04F —- EPS09
* Nuclear absorption e oot i T D2
10" 10” 10° 10" 1

* InteraCt Wlth CO-MOVErs x K. Eskola, et. al, EPJC 77 (2017) 163
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Experimental Quarkonium Talks at OM2018

*  Quarkonium measurements in nucleus-nucleus collisions with ALICE — P. Dillenseger
*  Quarkonium production in p-A collisions with ALICE — B. Paul

*  Probing QCD deconfinement with sequential quarkonium suppression of three Y'(nS) states with the
CMS detector — S. Tuli

*  Beyond nPDF effects: prompt J/y and y(2S) production in pPb collisions with CMS — G. Oh

*  Quarkonia production in large and small systems measured by ATLAS — J. Lopez

*  Heavy Flavor production measurements in proton-lead and fixed target collisions at LHCb — S. Chen

«  Upsilon Measurements in Au+Au Collisions at \syy = 200 GeV with the STAR Experiment — P.
Wang

*  Recent Quarkonia Studies from the PHENIX Experiment — J. Durham

05/18/2018 Rongrong Ma (BNL), QM2018



pp Collisions
pA/dA Collisions

AA Collisions
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Quarkonium Production in pp
Wed. 17:30

K. Watanabe Y(]S) in p-l-p @ 7 TeV

102 ————— — T — T

T( 15‘) —— CGC: up=5GeV ;
N ~ i _ - —— CCGC: g =30 GeV |
- [ Ve=TTeV, y =425 CGC w/ Sudakor ||
% ™ LHCb pp
S
S—
=
S
=
-
-1
a,
=
.
=)
A~
-1 1 1 1 1 1 1 |
W1 =2 3 4 5 6
Py [GeV]

¢ CGC: addition of Sudakov summation can describe the Y'(1S) production at low py
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Quarkonium Production in pp

Y(1S) inp+p @ 7 TeV J/w FF in ptp @ 5.02 TeV

pp 27.39 pb™ (5.02 TeV)

102 = T T T T T T T T = 8_ LI B BN B B B B T T ]
- T(1S) —— CGC: p=5GeV |J 75 Prompt J/y CMS 1
i - -== CGC: p =30 GeV | Flly 1<16 Preliminary 1
N _ V— 4 9= - C Yy 7
. _ﬁ_ 7TeV,y=4.25 CGC w/ Sudakov | | 6 6.J5<p <35 GeV ]
= . LHCb pp -4 I<§ﬁ‘" -#- Data
o 10k . N F yéet : = PYTHIAS 3
=~ g B - 9F 2 <p,  <35GeV =
el L . ~ C et
S N ———— ] 2 r
= I~ ’ _ 1 -c 4:_ __'
> - = <. g= =7 o
S ! - - vt ]
EOE = B ]
5 - E 2F a= = B NI
i ] 13_ O
i i C U =t
0: 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 :
ot b 0 02 04 06 08 1
0 1 2 3 4 5 6 P UMD
Py [GeV]  piliet)

¢ CGC: addition of Sudakov summation can describe the Y'(1S) production at low py
* J/w production is accompanied by other hadrons
— PYTHIA disagrees with data
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pA/dA Collisions
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Large-y J/w in small system at RHIC

p+Al ptAu 3SHe+Au
1.5 1.5 1.5
@ Inclusive J/y \'sy, =200 GeV o | Inclusive J/y |s,,=200 GeV o Inclusive J/y |s,,=200 GeV
o o
1} ......... ................................. * * ........... 1|= m 1 m '
I Ao gt
gl
L - - 0.5 -
P apa PHUENIX|  poau PH ENIX PH ENIX
preliminary preliminary #°He+Au preliminary
| | | L . L 1 0 ' ; * ; : ; * ; :
0 -2 0 2 0 2 0 2 2 0 2
rapidity rapidity rapidity
Au-going p-going
* p/*He-going: about 10-20% suppression with Au nuclei. Consistent with
shadowing expectation
* Au/Al-going: indication of suppression in p+Au collisions?
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J/w Production in pPb

0.6

EPS09 NLO (Vogt et al., Int. J. Mod. Phys. E22 (2013) 1330007)

##% CGC (Fujii et al., Nucl. Phys. A915 (2013) 1)
[”7] ELoss (Arleo et al., JHEP 05 (2013) 155)

prompt J/y , pPb

g 1-8 EE T T T l T ] T I T T T I T T T I T T  § l T T [ | l T T T ] ﬁ 2 .() | ' ! I-IIEI:ACI IO .I ! .tl]l EIPS()IgLIO ' .
© [ ALICE p-Pb | s, = 5.02 TeV ] - j m— —ma wi
s - Inclusive J/w—>Ng+e‘, -1.37<y_ <043 5'02 TeV E - ggag — 8n!a Wl$ glc)gggQNlLSO |
1.4~ -+ 2016 Sample (Preliminary), L, , = 256 b Mid-y - 1.5 I CGC — oA w ]
- -=2013 Sample (JHEP 06 (2015) 55), L, = 51 b = T 4 LHCb(8.16Tev) | 8.16 TeV
12— m — | . .
| : Z D m _— - p-going

ook U N

02— [ EPS09 NLO + ELoss (ibid.) 15<y* <40
0 : L | | L 1 | 1 L 1 | 1 | 1 | 1 1 L | | | L | L ™ LHCb N
0 2 4 6 8 10 12 4 O O 1 I 1 1 | ! 1 1 1 | I 1 1
P, (GeVic) 0 5 10
pr|[GeV/c]

* Low pq: significant suppression; High p: much smaller CNM effects

* While consistent with nPDF effects, data provide constraints on gluon distribution at

IOW-X. ALICE-PUBLIC-2018-007
LHCb: PLB 774 (2017) 159
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Jy Qppb in Centmlzly Bins:

o
o —f
o 18fF

1.6
1.4

0.8F
0.6F
0.4F

0.2

80-90%

T T T
ALICE prellmlnary

F Inclusive J/iy — p*p

' pPbys,=816TeV,-446<y  <-2.96,2-10%

_EL _________________________________________
)

o

EPS09s NLO + CEM (Vogt et al., PRC 87 (2012) 054910)
Energy loss (Arleo et al., JHEP 10 (2014) 073)

@%+%w—

1.2F

2-10% |

g 4 6 B g

T4

p; (GeVric)

e e L B o o o e e e o
I ALICE preliminary
Inclusive J/y — pp

BF  p-Pb 5,816 TeV, -4.46 < y__<-2.96, 80-90%

$
#

ii
?

Energy loss (Arleo et al., JHEP 10 (2014) 073)

E EPS09s NLO + CEM (Vogt et al., PRC 87 (2012) 054910) 3

0 2 4 6 8 10 12

14

p; (GeVrc)

_o2:.--|..-|.--||.-|4|.||..|x|.
0 1 8:— ALICE preliminary
F Inclusive Jiy — pu
1.6F  pPb (sy=8.16TeV, 203<y, <353 2-10%
1.4F °
1.2F
k: i g
0.8F E__E_E_
06L
e+
0.4?
0ok EPS09s NLO + CEM (Vogt et al., PRC 87 (2012) 054910)
= o Energy loss (Arleo et al., JHEP 10 (2014) 073)
obam o L v L L L L 1
0 2 4 6 8 10 12 14
P, (GeVrc)
@2;'"""""""""""""
OQ1.8:— ALICF preliminary 7
E Inclusive J/y — pp
1.8F  ppb5-8.16TeV, 208 <y, _<3.53, 80-90%
1.4F
1.2F °
1F
0.8F
0.6F
0.4F  EPS09s NLO + GEM (Vogt et al., PRG 87 (2012) 054910)
0.2 :_ Energy loss (Arleo et al., JHEP 10 (2014) 073)
0:...|...|...|...|...|...|...
0 2 4 6 8 10 12 14

P, (GeV/c)

data vs. model

Models include nPDF
or energy loss effects
are not able to
reproduce the J/y
modification, especially
for central pPb
collisions.

Need to go back to the
drawing board
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J/y Anisotropy in pPb

CMS Preliminary pPb 8.16TeV
= T T T | T T T T T | T T

| T T T |
- @ Prompt J/hy, -2.86 < Y, <-1.860r094<y <194 -
| M PromptD’,-1.46<y_ <054

L 0
[J Ks,-1.46<y_ <0.54

0.2

| T T T
O

([l
+
—-
i
n
@
|
-
o
u

sub
V2
o

1 1 1 | | 1 L1 1 I |

°‘°-_—+_+___Qme_ ______ ¥“_

185 < NJp ™ < 250
|

Olll2lll4lll6l |8|
p, (GeV)

 Significant J/y v, observed in 2 < pp <7 GeV/c in high-multiplicity pPb collisions

CMS: HIN-18-010
ALICE: PLB 780 (2018) 7
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J/y Anisotropy in pPb

CMS Preliminary pPb 8.16TeV

-3 1-8 T T T J T T T T T T 1§ T T T T T T T
— T T T T T T T T T T T T T T T T & C I [ [ I -
- @ PromptJiy,-286<y <-1860r094<y <194 - = 16 - ALICE p-Pb \'s, = 5.02 TeV A
- 0 cm cm - "k Inclusive J/y— e'e’, -1.37T< y_ <0.43 ]
0.2 . P(r)ompt D",-146<y_ <0.54 | = =
: [l Ks, -1.46<ycm<0.54 : 1_2i E
i il st s e == S £ 5
% ~ 04 O o™ i | L1 B i .
B 7 0.85 - —
> L 0 * | » i H —%%% il un ]
B * L E § 0.6 -
B + n C -e-2016 Sample (Preliminary), L,, = 256 pb™ i
- . 04— -=-2013 Sample (JHEP 06 (2015) 55), L, =51 ub™" ]
o oa- .
= 185SNTFK <250 - 0: | Ry TR : | | | i
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 0 2 4 6 8 10 12
0 2 4 6 8 P, (GeVic)
P (GeV)

 Significant J/y v, observed in 2 < pp <7 GeV/c in high-multiplicity pPb collisions
* Same situation as other hard probes: large v, but no significant suppression

. . e . CMS: HIN-18-010
— Is it flow or initial state effect or something else? ALICE: PLB 780 (2018) 7

05/18/2018 Rongrong Ma (BNL), QM2018 17



Y(1S) Suppressed in pPb

& 2 Trrr[rrrr[rrrr[rrrr [ rrr [ rr i r Tt Tt rTT € 2 T, T T | T T T [ T T T |
o B T = [ ALICE Preliminary ]
x - ATLAS p+Pb, 54y =5.02TeV, L=28 b ] sl o _ i =
- r Inclusive Y(1S) —» p'pn .
L Y(1S) pp, Vs =5.02 TeV, L = 25 pb”! y 1.6 — B
1.5-20<y" <15 ] F pPbys,=816TeV,203<y_ <353 ]
- B 1.4 —
- B 1.2F
| ] | E
et -~ SRR 3 1 R s E
] i E
. 0.8 4¢|— $
. 06 $ —$—
0.5} 5.02 TeV - - 8.16 TeV
§ i 0.2 f— [ | EPS09NLO + GEM (Vogt et al, NPA 972(2018) 18)
o_| coa v b by b b b b by ._ O E e 0, i | 5 b i A Ol A T8t 10 ad s ] IS o] B
0 5 10 15 20 25 30 35 40 0 2 4 6 8 10 12 14
p_(GeV/c)
ATLAS: EPJC 78 (2018) 1717 p, [GeV] T

*  Y(IS): 30-40% suppression at low py
* Need to be taken into account when interpreting results in PbPb collisions
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Y(285+3S) are More Suppressed

1.2

I
. ATLAS ATLAS: EPJC 78 (2018) 1717 ]
CMS: JHEP 04 (2014) 103

4-ATLAS, p_<40 TeV

pp, Vs =5.02TeV, L=25pb™, |y|<2.0

p+Pb, S = 5.02TeV, L=28nb™, -2.0 < y*<15
0.4
<-CcMS

pp, (s =2.76 TeV, L=5.4pb™", |y|<1.93
p+Pb, {5, =5.02TeV, L=31nb™, |y*| <1.93

0.2

PbY‘(nS) /RprY'(l S)

5> o
BERRERARERRRERE RN

=

]
\\\‘\\\‘\\\‘\\\‘\\\E\

— Comover Interaction (E.G. Ferreiro, Phys. Lett. B 731(2014)57)
0 |
Y(2S)/Y(1S) Y(3S)/Y(1S)

e Additional 25-35% suppression for excited states
* Final-state effects affect the ground and excited states differently
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pA collisions

p+A Summary

 Significant suppression at low p for quarkonium

— Need to be taken into account when interpreting measurement in AA collisions

— Models (nPDF, energy loss) having difficulties to reproduce more differential measurements

* Excited quarkonium states more suppressed due probably to final-state effects
— Needed for determine CNM effects for direct Y'(1S)

* Non-zero J/y v, observed in intermediate p region at the LHC energy

— Collective motion for J/y. What is the origin?
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pp Collisions
pA/dA Collisions

AA Collisions
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Low-p,J/y in Xe+Xe

<
<
Ny 1.4 ALICE inclusive Jhy — u'w,2.5<y <4 ]

e Pb_Pb \“’SNN= 502 TeV Transport model (Du and Rapp)

Xe-Xe (J/y: - -direct, —regenerated)_]
® Xe-Xe \sy,=5.44 TeV |

[ |Pb-Pb (J/y: - -direct, — regenerated)

1.2

1

N ALICE: arXiv:1805.04383
0.8 = ]
0.65_ @@Em@@@@mﬂ@@@é

0.4

-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
00 50 100 150 200 250 300 330 400

part’ XeXe’ part’ PbPb

* Similar level of suppression seen in Xe+Xe and Pb+Pb
* Transport model consistent with data: interplay between dissociation and regeneration
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High-p,J/w: RHIC vs. LHC

PbPb 368 (<30%) / 464 (>30%) pb™", pp 28.0 pb™" (5.02 TeV)

N

CMS: JHEP 05 (2012) 063
CMS: arXiv:1712.08959

CMS ]

B \|s\y =5.02 TeV
® \[5,, =276 TeV

&
u

.

E IRyt STAR preliminary :(( AEBEEEEREEERERE R
1.8 x STAR: AutAu, |5, =200 GeV, Iyl <05 p > 5 GeVic o 1.4 Prompt J/y
1 Si m CMS: Pb+Pb, |5, =2.76 TeV, lyl <2.4 p, > 6.5 GeV/c L Ivl<2.4
E 1.2 f|6.5< p, <50 GeV/c
14— B
- 1
<12 C
< .
m -
1~~~ P B B e - - - -~ 0.8
0.8— =
C @ H 0.6¢
O_GLH r o e ]
. ¥ % 04 i
0.4j @ TR -
C Eﬁ] mo oo i @
0.2 - STARN,_, uncertainty 0.2 N
I R BRI BN B AU BT i C
00 50 100 150 200 250 300 350 07 Lo | |
Npart O

e Unlike low py, R, 5 decreases towards central collisions

CNM & regeneration effects small

RHIC ~_ LHC/2.76TeV ~_ LHC/5.02TeV
* Rya >~ R >~ Ra

part

=)

50 100 150 200 250 300 350 400

Dissociation
In Effect
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High-p,J/w: R, , vs. pr

:(E 1: T T T ]
o oo ATLAS E
“E sy =5.02TeV, 0.42 nb™ ]
0.8 =

0.7 i mm Charged particles, 0-5%, 2.76 TeV j
[ -6 Non-prompt J/y, 0-10%

0.6; -¢- Prompt J/y, 0-10% _
0.5 .

0.4 =
03- W
0oof e E
:—|—|—l"- ]
0.1F ATLAS: arXiv:1805.04077
: Il Il Il Il ‘ Il Il Il Il Il Il Il Il ‘:
678 10 20 30 40 100

P, [GeV]

* An increasing trend 1s seen in J/yy R, , vS. pp
* J/w R, , follows charged-hadron R, , above 12 GeV/c.
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High-p,J/w: R, , vs. pr

ATLAS: arXiv:1805.04077

E 1 '2 { LI A T 1T ‘ T 1T ‘ T 1T ‘ L ‘ L { ]
o . ATLAS Centrality 0-20% i
1* Prompt J/y, lyl <2  m=icorrelated systematic uncer. E

 mmm Color screening [Phys. Lett. B778 (2018) 384] B

0 8* «==+ Color screening [Phys. Rev. C91 (2015) 024911]
F e Energy loss [Phys. Lett. B767 (2017) 10]
Energy loss [Phys. Rev. Lett. 119 (2017) 062302]

0.6~ ©,=206Gev _

0.4k e | ]

- s R 1

0.2 {

0: l L1l ‘ L1l ‘ L1l ‘ L1l ‘ - ‘ I l lA
10 15 20 25 30 35 40

p, [GeV]

« Data are consistent with both color-screening and energy loss scenarios
» Data at higher p; with better precision are crucial to distinguish between models
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LHC: Jy v, vs. pr

T T T T T T T
> 0.25C ATLAS Preliminary

- @ ATLAS, Prompt J/y, 5.02 TeV, |y| <2, 0-60%

0.2 Y ATLAS, Non-prompt J/y, 5.02 TeV, |y| <2, 0 - 60%

[ % ALICE, Inclusive J/y, 5.02 TeV, 2.5 <y <4, 20 - 40%
~ 4 CMS, Prompt J/y, 2.76 TeV, 1.6 <|y| <2.4, 10 - 60%
0.15 | m CMS, Prompt Jiy, 2.76 TeV, |y| <2.4, 10 - 60%

1
L URT

0.1

0.05

®

15 20 25

ATLAS-CONF-2018-013
P, [GeV] ALICE: PRL 119 (2017) 242301

O 111
W
o

* J/w v, persists up to 20 GeV/c; not described by transport models
* Due to path-length dependence of parton energy loss?
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LHC: Jy v, vs. pr

PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

> 0.25 _\ T T T ‘ T T T T . ‘ \. T T T ‘ T T T T ] < 5 —T ‘ — ‘ —_— ‘ - ‘ ‘ ]
- ATLAS Preliminary ] o 1.4 Cent. 0-100% CMS
- @ ATLAS, Prompt J/y, 5.02 TeV, |y| <2, 0 - 60% . - lyl<1.6 ]
0.2|— ® ATLAS, Non-prompt J/y, 5.02 TeV, |y| <2, 0 - 60% _ 1.2 ]
[ % ALICE, Inclusive J/y, 5.02 TeV, 2.5 <y < 4, 20 - 40% 7 B ]
~ 4 CMS, Prompt J/y, 2.76 TeV, 1.6 <|y| <2.4, 10 - 60% B 17
0.15 = CMS, Prompt J/y, 2.76 TeV, |y | <2.4, 10 - 60% _ i m Prompt J/iy
C $ $ § 0.8 e Prompt y(2S) ]
0.1+ " 7 0.6 .
- ] ¥ L
0.05]- [IE - 0.4 e .
:|$| . 0.2F - % T
B Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ] : }_F_'_!’_{ - ! L“J :
0 5 1 0 1 5 20 25 30 I - ‘ L1 1 ‘ L1 1 ‘ L1 1 | ‘ L1 1 JL I -
O0 5 10 15 20 25 30
pT [GeV] pT (GeV/C) ATLAS-CONF-2018-013

ALICE: PRL 119 (2017) 242301
CMS: arXiv:1712.08959

* J/w v, persists up to 20 GeV/c; not described by transport models
* Due to path-length dependence of parton energy loss?
* However, different suppression for y(2S) and J/y at high p;. Hmmm ...
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Sequential Suppression for Charmonium

PbPb 368 ub™", pp 28.0 pb™* (5.02 TeV)
\‘\\\\‘\\\\‘\\\\‘\\\ T T

\\\\[7

AA

T T >
14k o R S . s ATLAS E
« - g?:tﬁ%mo ’ CMS ! @} 5 1'6: Pb+Pb, |[Syy = 5.02 TeV, 0.42 nb” ]
1.9F ] Q@ 4.4 pp [s=502TeV,25pb" ]
i ] L 9<p_<40GeV,lyl<2 ]
1F | 1.2F ]
: = Prompt Jiy J[.| Promet v(2S) toJry double ratio 5
0.8:* e Prompt y(2S) 7: 0 8; - CMS, Phys. Rev. Lett. 118, 162301 (2017) E
0.6]- . F z
- g 0.61 ] ATLAS
0.4 = o 7] 0_4$ ﬁ —
0.2f I ® 4% L - 0-2; $ + ﬁ * CMS
O:HH\\\H\J—\H\\HH\HHL--JHH: 7\\\\‘HH‘HH‘HH‘HH‘HH‘\H‘ ul:
0 5 10 15 20 25 30 0 50 100 150 200 250 300 350 400
P, (GeVlc) N
par
« R, ,¥®Y <R,V across pr and cent. bins = sequential suppression
o Tension in central collisions? CMS: arXiv:1712.08959

ATLAS: arXiv:1805.04077
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Sequential Suppression for Bottomonium

Au+Au @ 200 GeV
14 30;60% 10;30% 0;10%
- % Y(1S): Au+tAu@200 GeV, lyl<0.5
12 % Y(2S+3S): Au+Au@200 GeV, lyl<0.5
I % Y(1S+2S+3S): p+Au@200 GeV, lyl<0.5
1 SRR
« I STAR Preliminary
< 0.8 B
< i
=
& 06 BE'
04 Iﬁ
0.2 - N_,, uncertainty % %
0 1 n L n L n L n
0 100 200 300 400
part
o R, AP > R, ™ increasing hot medium effects

Pb+Pb @ 5.02 TeV

12F

PoPb 368/464 pb PP 280 pb (5.02Tev)

p < 30 GeV CMS -
'yl <24 Supplementary
Cent.
T e Y(1S) 0-100%
&/ Y (2S)
[]y@s)68%cL ]
H T Y(3S) 95% CL
i " N
# T ol
[+ Q‘J + T m, ]
T T |% T ﬁ«ﬁ ]

* LHC: R VG <R, , TG <R, , YUY in all centrality

050100 150 200 250 300 350 400

)y, o

. @ CMS: CMS-HIN-16-023

sequential
suppression
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Inclusive Y(1S) R, ;- RHIC vs. LHC

0.2 TeVvs. 2.76 TeV

14 30;60% 10;30% 0;10%
L % Y(1S): STAR Au+Au@200 GeV, lyl<0.5
12 ¢ Y@dS): CMS Pb+Pb@2.76 TeV, lyl<2.4
1 Lo i ic e cccccccccse-ceemeemeeememmeememmeemmmmmmmmmmmmmmmmmmmeeee—————
0 STAR Preliminary
" 08f
2 06
= 0 A
04 @ @ B
0.2 - N,,; uncertainty
0 10 200 300 400

part

¢ R, MIC~R, HHC2T6TeV: Jikely due to CNM + suppression of excited states
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Inclusive Y(1S) R, ;- RHIC vs. LHC

CMS: CMS-HIN-16-023
0.2 TeVvs. 2.76 TeV vs. 5.02 TeV CMS: PLB 770 (2017) 357
14 30-60% 10-30% 0-10% PbPb 368/464 ub™, pp 28.0 pb™ (5.02 TeV)
. R :
- % Y(1S): STAR Au+Au@200 GeV, lyl<0.5 1.6f| p <30Gev CMS -

lyl<2.4 Supplementary

12 ¢ Y(S): CMS Pb+Pb@2.76 TeV, lyl<2.4 1 41 E
e 1.2 R
3 I STAR Preliminary N e Cent. 7
ez 081 < 0-100°
~ L <C = 2
2 C 0.8fs[ % s —
= o0sf RN :
ol n @ % L N ' ....... T o
o s 0 S I NS e R A< B
02} N,,, uncertainty 02:_ —&- ﬁ: 5.02Tev .
L ® [ 6|5, =276TeV ]
1 N L N L N | N _I 111 I | | 1111 | 1111 I 111l | L1l | 1111 I 1111 II
0 0 100 200 300 400 00 50 100 150 200 250 300 350 400
part part

¢ R, MIC~R, HHC2T6TeV: Jikely due to CNM + suppression of excited states
¢ R, MHO276TeV > R LHCES.02TEV: gnget of direct Y'(1S) suppression?
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Excited YR, ,- RHIC vs. LHC

0.2 TeVvs. 2.76 TeV

14 30;60% 10;30% 0-|10%

- % Y(2S+3S): STAR Au+Au@200 GeV, lyl<0.5
121 4 Y(@2S): CMS Pb+Pb@2.76 TeV, lyl<2.4
I —— Y(3S): CMS Pb+Pb@2.76 TeV, lyl<2.4
1 e memeeeeecceeeeececececeeeseseeseeesesesemesesesemmesemememememe——————
I STAR Preliminary
< 08|
<
& 0.6 N,y uncertainty
04
021 H 95% C.L. % %
L T ¥ W
0 100 200 300 400

part

« R, RHIC>~ R, LHCR2T6TeV: indication of less melting at RHIC peripheral?
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Excited YR, ,- RHIC vs. LHC

CMS: CMS-HIN-16-023
0.2 TeVvs. 2.76 TeV vs. 5.02 TeV CMS: PLB 770 (2017) 357
14 30;60% 10;30% 0]10% PbPb 368/464 ub™, pp 28.0 pb™! (5.02 TeV)
- % Y(25+35): STAR Au+Au@200 GeV, lyl<0.5 16 p<sweyv  CMS & -
12+ ¢ Y(@2S): CMS Pb+Pb@2.76 TeV, lyl<2.4 ’ 42_ Iyl <2.4 Supplementary T E
I —— Y(3S): CMS Pb+Pb@2.76 TeV, lyl<2.4 r T
e 1.2 T 7
03 r STAR Preliminary 1: Yes £ Cent. ]
« - < "B |5y, =5.02TeV ) 4 0-100% 1
< L < E B Krouppa, Strickland T b
=~ | N,,, uncertainty @ 08f o =276TeV 4x vie=i T .
0.6 < r
04 I
021 H 95% C. L. % % & ]
I T I ) |}] 0 :l 111 | 1111 I 1111 | 1111 Il II I';“i'l ‘ "I‘"ll |""" V : 1 ‘._‘ I::
0 0 100 200 300 200 0 50 100 150 200 250 300 350 400

Npart
part

« R, RHIC>~R, LHC276TV: indication of less melting at RHIC peripheral?
¢ R, MHO276TeV R LHOS.02TV: complete dissociation in the medium
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Y Suppression: Data vs. TAMU model

X. Du, M. He, R. Rapp PRC 96 (2017) 054901

* T-dependent binding energy; Kinetic rate equation; Include CNM and regeneration

Y(1S) YQ2S) Y@3S) Vs (TeV) 0.2 276 5.02

TuMeV) 500 240 190 TP (MeV) 310 555 594
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RAA

Y Suppression: Data vs. TAMU model

X. Du, M. He, R. Rapp PRC 96 (2017) 054901

* T-dependent binding energy; Kinetic rate equation; Include CNM and regeneration

Y(1S) Y2S) Y(@3S) Vs (TeV) 0.2 276 5.02
T, (MeV) 500 240 190 TP (MeV) 310 555 594
A o PO 368454 o 28,051 (502 ToV)
Au+Au@200 GeV, lyl<0.5 ::i PbPb @ 2.76'TeV [y]<2.4 ™" ' ' ] 1o[ p, <30 GeV cMSs -
12} % STAR Y(1S) * STAR Y(25+3S) 13 e NS %g; 4 <24 Supplementary + Cent.
[ IBTAMU YAS) PATAMU YCS3S) . 12 276 TeV | = V300oin 1 Ol
I B wzzzm Y(1S) n=1.0 total i 1
osl K STAR Preliminary 0.9 S 0.8
’l : o s 1 g |
061 c 07 Y(28) 1=1.0 reg o 06
0.6
04 Si 0.47
0.3 i
0.2 02 0.2
| N, uncertainty 01 F = N
| | | | 0 L L N L _ L i =
0% 100 200 300 400 0 50 100 150 200 250 300 350 400 00"
part Npart bart

* Good description of Y suppression from RHIC to LHC energies.
CMS: CMS-HIN-16-023
CMS: PLB 770 (2017) 357
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Y Suppression: Data vs. TAMU model

X. Du, M. He, R. Rapp PRC 96 (2017) 054901

* T-dependent binding energy; Kinetic rate equation; Include CNM and regeneration

Y(1S) YQ2S) Y@3S) Vs (TeV) 0.2 276 5.02
T jisso(MeV) 500 240 190 T, P (MeV) 310 555 594
14 20.60% 10:30% 0.10% - FOPb 368/464 1l pp 28.0 pb (5.02 TeV)
' Au+Au@200 GeV, |y|<0.5I I ::i PbPb @ 2.76'TeV [y]<2.4 ™" ' ' ] 1o[ p, <30 GeV cMSs -
12 % STAR Y(1S) * STAR Y(25+35) 13 e QMSvi2S) ] Iyl <2.4 Supplementary
(| I TAMU YAS) PZATAMU YOS3S) I 12 276 TeV | = Yodnoowa | S o Fe; 1 Fepp o 777~ T o-70%
I STAR Preliminar; | Eves) ®Y(29) 1
< 08F X Y 0.8 Elves) [ly@s)eswct 1
iz 0.6; < O_6> T Y(3S)95% CL —+
0.4 7 0.41 e
0.2 0.2k T
| N, uncertainty C ™
% 100 200 300 400 0y oy
part part
* Good description of Y suppression from RHIC to LHC energies.
.. . : CMS: CMS-HIN-16-023
* Non-negligible regeneration, especially for Y'(2S) CMS: PLB 770 (2017) 357
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Y Suppression: Data vs. lattice-potential model

B. Krouppa, A. Rothkopf, M. Strickland
PRD 97 (2018) 016017

* Complex potential (IQCD); aHydro medium; No regeneration or CNM

Y(1S) YQ2S) Y@3S) Vs (TeV) 0.2 276 5.02

Tigso(MeV) 600 230 170 T,RGP(MeV) 440 545 632
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Y Suppression: Data vs. lattice-potential model

B. Krouppa, A. Rothkopf, M. Strickland
PRD 97 (2018) 016017

* Complex potential (IQCD); aHydro medium; No regeneration or CNM

Y(1S) YQ2S) Y@3S) Vs (TeV) 0.2 276 5.02
T, (MeV) 600 230 170 T,QP(MeV) 440 545 632
14 30:60% 10:30% 0-10% P po—
Au+Au@200 GeV, lyl<0.5 10 5124 19| CMS: CMS-HIN-16-023 Iyl <24
12| % STAR Y(1S) * STAR Y(25+3S) %ﬁ::ﬁg:{ I 1e CMS: PLB 770 (2017) 357 ﬁ:(sgg;r:g
L []KSU Y(s) KSU Y(25+3S) I 0s 2.76 TeV T S Dot osl \‘, BT S Dt
L O O .
I STAR| (.2 TeV +
s "8 % <09 5.02 TeV
& I &
0.6}
I # 04
04| # ¢ $yas) ¢
I 02
02
| N, uncertainty % %
0 l | | | 00
0 100 200 300 400 0 100 200 300 400

part

* Describe RHIC data reasonably well
* Lies consistently below the experimental data at LHC. Regeneration to rescue?
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AA Summary

AA collisions

* Low py: new J/y data in Xe+Xe compatible with Pb+Pb = regeneration
* High p;: increasing suppression towards central collisions = dissociation
* Even higher p;: increasing R, , and non-zero v, = similar to charged hadrons

e Multi-dimensional measurements of Y suppression from RHIC and LHC with
improved precision = sequential suppression

— Powerful tests to model calculations

* Hint of direct Y'(1S) suppression at 5.02 TeV?
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Discussion

* ptp: production mechanism still not fully understood

— Efforts are needed both experimentally and theoretically: J/y 1n jets; Improved Color
Evaporation Model ...
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Discussion

* ptp: production mechanism still not fully understood

— Efforts are needed both experimentally and theoretically: J/y in jets; Improved Color
Evaporation Model ...

 ptA: CNM effects on quarkonium fairly well understood
— Need to think hard about the sizable J/y v,
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Discussion

* ptp: production mechanism still not fully understood

— Efforts are needed both experimentally and theoretically: J/y 1n jets; Improved Color
Evaporation Model ...

 ptA: CNM effects on quarkonium fairly well understood
— Need to think hard about the sizable J/y v,

* A+A: are we 1n a position to extract medium temperature?

— Better control of feed-down contribution & further reduce uncertainties on
heavy quark cross section

— New observables, e.g. J/y polarization, Y v,, etc may shed more lights

— Precision measurements of individual Y states at both RHIC and LHC are
in the planning.
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Backup
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And the Feed-down Contribution

Woehri@Quarkonia’14

Cas uas | X(15) from all ‘ LHCb: EPJ C74 (2014) 3092
§ . \ T
E 0_35_: < — Ay E -2 ‘ %(1P) e CMS Preliminary
g g % “* LHCb,2.0<y<4.5 @ 0.25] [ ‘ = ATLAS, lyl<1.2
E’ 0.3—E I l ‘ - 2;::AIS,' |y|°<so.75 = E |
£ 0.25] I %{ %H {1 o , lyl < 0. 0_2_; : j ‘}
0.2 157 ! } Y (28)
0.15; % V@) ~ Jfy, from ratios o15§ L {}é’iii%ii{#iﬂ{' ¥ + l
01° { i e . AlicE 2h<y<ap E PP L
: } it exrel © © CMS, Iyl <1.2, 36 pb™ 0.05 : roI - %,(2P)
0.05 e CMS Preliminary ; 3 . vai :c' L(3P) . i e 3
= ‘ﬁ deas®Ay “» e a® o .
¢ 5 10 15 20 25 30 35 J,g'o % 1o 20 30 40 so e 70 80
Py [GeV] p; "% [GeV]
J/y feed-down Y'(1S) feed-down
% 10-30% (vs. pr) 7% (1P) 10-30% (vs. pr)
w(2S) ~ 8% 7,(2P+3P) ~5%+1-2%
B-hadron 0-50% (vs. pr, \s) Y(2S+38) 8-13%+1-2%
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J/w Production vs. EventActzvzty

HF LA 10

A T
= C STAR J/\u . [ pp, 5 =TTeV, [y <09
% 20: 9! pT>0 GeVic 1 ; 8: .
\3 = [ p_>15GeVic , | —ICEM 1
Z X T " [ - — 3g1l .
E A p,>4 GeVlc . i 1 . -
5E ALicEay I3 33 6 —x=75" ) ]
o - = = - -ememn A e [S] - 1
r O p,>0GeVlc . Z\< E - k= '8} = 1
10p= - S |2 4| k= 3pl Byt e
o°r i - 2l ’—' , N
: = = : i v
0 :(I)_. -1 é - - - ;1 - -.' 0 B '| | 1 | 1 | 1 | 1 i
0 1 2 3 4 5
(dNMB/dn)/<dNMB/dn>
ch ch chh/dn
STAR: arXiv:1805.03745 (chh/dTI) Inl<1.0 Y-0 Ma, et. al, 1803.11093

« Strong increase of J/y production vs. event activity with weak Vs dependence
¢ CGCHICEM model can reproduce the trend—> different intermediate states have
different trends
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J/w Polarization

p+p @ 200 GeV pip @ 8 TeV
& f = = ALICE: arXiv:1805.04374
S e =< 15— ALICE pp Vs = 8 TeV, 2.5<y<4, inclusive J/y
1= STAR Preliminary — —=— Helicity frame NLO CSM

. lyl< 0.5; NLO NRQCD LDMEs1 | .
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* Very different polarization predictions for different models
* Measurements of better precision are essential
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J/w Production in pPb at LHC

g g F . .
Q:Q 5 E ALCE IQ sk ALICE ALICE: arXiv: 1805.04381
"I Inclusive J\y — pu*y’, -4.46 < Yo < -2.96 *~t Inclusive Jly — pu*u, 2.03 < Yoms < 3.53
1.6 1.6F
1.4F 14F

g LENEE I Gt e

0.8F _
0.6 0.6 [ @
0.4F ® p-Pb s, =8.16TeV 040 ® p-Pb s, =8.16TeV
02k o p-Pb {5 = 5.02 TeV (JHEP 06 (2015) 055) 02k 0 p-Pb sy, =5.02 TeV (JHEP 06 (2015) 055)
0:11111111111lx11lxixlixlllxllxlxlxixlxlx 0:111111111111111lllllllllllllxxllxlxlxxx
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
P, (GeV/c) P, (GeV/c)

* Aslightly enhancement shows up at backward-y above 3 GeV/c while strong
suppression at forward-y below 6 GeV/c

* No visible energy dependence. Saturation of CNM?

05/18/2018 Rongrong Ma (BNL), QM2018 47



J/w Qppb VS. pT in Centmlzly Bms

i 2 I g I I T I T T T I T T T I T T T i

OQ1 8 ALICE prehmmary E Oo- [  ALICE prehmmary 2
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* C(lear trend 1n different centrality bins
— Backward-y: suppression to enhancement from peripheral to central collisions

— Forward-y: stronger suppression at low py in central collisions, while Q p, ~ 1 for
high p in all centrality bins.
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w(2S) Suppression in 5.02 TeV pPb

CMS: arXiv:1805.02248

Pb 34.6 nb™, pp 28.0 pb™ 5.02 TeV
1 .6 p\ LA ‘ LA \pp‘ LA p\ ‘ T T 7T T T 7T ‘ T T T ﬁ 2'5 L T T T | T T T | T T T ‘ T T T | T T T | T T T ‘ T T T _|
L ] > L ALICE Preliminary, p-Pb {s,, = 8.16 TeV, Inclusive J/y, y(2S) — pu p=]
r  Prompt y(2S) CMS ! @] B VSun 8
145 o 552 b_ <10 Gevic - f -4.46<y  <-2.96,p_ <20 GeV/c 7
L L mid- _ [_ Transport Model (Du, Rapp, NPA 943(2015) 147) Pb-goin i
1.2 E "
[ ] L O ]
1;j:="'- H==N s e -
r # 1 [T Comovers + EPS09LO (Ferreiro, PLB 749 (2015) 98) ]
g 5 1 [Le o | ﬂ 1 I N N
= 08¢ 3 | ] - Oves) .
[ ] T - w9
0.6 -
BF g B O (] 2
0.4 - i_ ; [g ]
 Prompt Jiy [EPJC 77, 269 (2017)] ] 0.5 L | @ ¢| |
0.2 — - W)y i
r u 6.5<pT< 10 GeV/c 1 B ®y(29) .
Ok coecc e b b b ] O L 1 ! | ! L L | 1 L 1 | L 1 1 | 1 L L | L L 1 | L L 1
-3 -2 -1 0 1 2 3 0 2 4 6 8 10 12 14
yCM <Nco|l>

© R, <R " at high-multiplicity regions (central-y, Pb-going)
* Final-state effects needed to account for the additional suppression
* Co-mover and transport models describe data qualitatively, but not quantitatively
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Y(285+3S) are More Suppressed

—
N
T

ATLAS: EPJC 78 (2018) 1717
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* Additional 25-35% suppression for excited states; larger suppression in central collisions

* Final-state effects affect the ground and excited states differently
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LHCb will Contribute

C/\]'\ T T T ] (./\]'\ :_' 7Tt E
;600 LHCDb preliminary 7 §SOO§ LHCb preliminary ;
2500 sw=8-16 GeV,[pPb] ] éﬂoo 3 |l [5.=8.16 GeV, Pbp|]
- WY (©S) ] Ze0of WY (©S)
@400 g Background 7 Csoo Yl Background 5
£300F — Total ] £400 .‘ s — Total ]
Soo0ft il S300E
= ERE ‘ ] Soank
s b Fy ] =200¢
S 100F e Stk
: 100
of

N B : - 1
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* C(lean separation of three Y states in pPb and Pbp collisions

* Looking forward to precise measurement of CNM effects at large rapidity
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JwR, vs.N
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* Ascaling of J/iy Ry, vs. N is seen at both forward and backward rapidities
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Inclusive Y(1S) R, ,; Forward vs. Mid

CMS: CMS-HIN-16-023

f@rward-y M, id_y CMS: PLB 770 (2017) 357
PbPb 368/464 ub™', pp 28.0 pb™ (5.02 TeV)
< ¢ -t .
. [ ALICE Inclusive T(1S) > w'w,25< y <4 16 | py<30Gev CMs E
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* Seems different energy dependence at forward rapidity
* But the uncertainties are relatively large
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Y(IS) R ,, vs. p;: Data vs. Model

0.2 TeV 5.02 TeV
14 < °F
STAR Au+Au@200 GeV @c [ ALICE, Pb-Pb |s,, =5.02TeV
121 % r@as)-u'u,0-60%,lyl<0.5 1.2~ ® Inclusive Y(1S) - u'l, 2.5 < y < 4, Cent. 0-90%
i KSU [ TAMU i
T o m e 1 |
« L o e B Transport model
m< 0.8 | STAR Prellmlnary 0.8} Du et al. (TM1) with without regeneration
~ L L
7! L
= 06 1] 1 06
= ol il i
P e S omm . —
021 02 oo
B o Krouppa et al. E heavy-quark potential uncertainty
0' . L . L - L - L - | 07\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\|\
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4 6 14
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B. Krouppa, A. Rothkopf, M. Strickland

e No strong p; dependence at both RHIC and LHC PRD 97 (2015) 016017

X. Du, M. He, R. Rapp PRC 96 (2017)

* Models can well reproduce the shape 054901

ALICE: arXiv:1805.04387
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Y(IS) R, vs. Rapidity at 5.02 TeV

PbPb 368 ub™ pp 28.0 pb™ (5.02 TeV)
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* Interplay between dissociation and regeneration changes vs. y
* No strong rapidity dependence at 5.02 TeV PbPb collisions

CMS: CMS-HIN-16-023
ALICE: arXiv:1805.04387
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