XLV International Symposium on Multiparticle Dynamics (ISMD2015)
Wildbad Kreuth, Germany, October 4-9, 2015

Overview of Quarkonium
Production in Heavy-lon
Collisions at LHC

Byungsik Hong
(Korea University)

October 4-9, 2015 ISMD2015 1



colour-singlet state

Introduction i
" pp )

— Reference to understand pA and AA data

— Cross section for production mechanism
e Color Octet vs. Color Singlet

— Polarization for interactions with surroundings
not affected by initial-state effect

lpA

— Nuclear modification of gluon PDF (nPDF):
shadowing, saturation, CGC, etc.

— Medium-induced coherent gluon radiation N
— Co-mover absorption oW e
T/Te _ 1/r) [fm?]
Y(15)

= AA -
— Color-charge screening effect: Ap vs. 7 i

* Sequential suppression: Different states dissociate
at different temperatures 2, (2P)

— Regeneration of g and ¢ A.Mocsy etal., i x(%)

. PRD 77, w(25)
Expected to be larger for / /1 than for Y 014501 (2008)

J/y(1S)
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Complimentary acceptance for LHC detectors

p+Pb

u-|IIII|IIII|IIII|
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B do?/ dp_dy [nb/GeV]

Quarkonium cross section in pp

CMS, PRL 114, 191802 (2015)
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CMS, arXiv: 1501.07750
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WCMS ( ) + CMS 2011 |y| < 1.2 E
CMS 2010 |y| < 2.4 x 0.5 é

NLO theory =

e Y(1S) =
3 Y(38) x 0.6?“’“@...&____ = Y(ZS)XM E
= e . E:
L C T T
0 20 40 60 80 10
P, [GeV]

™ New J /Y, Y (2S) and Y(nS) spectra extend pr beyond 100 GeV/c at LHC.
M Good agreement between data and NLO pQCD, especially, for high p;

0
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T(AS)Kr(1S))

Non-linear heavy-quark vields in pp
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- pp Vs =2.76 TeV

_ * PF’bb S = 5.02 TeV

= Stronger rises of the Y yields vs. event activity
— Common to both closed and open bottom at RHIC and LHC
— Similar trend for the charm sector at RHIC and LHC

C(Y@s)
" Proposed ideas

Y(15)

Y(25)

>

(Y (25))

>

Y(35)

?
(Y(3S)) - Why

(35) WL T
s o CMS .
cl chml <1.93 .
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NTF&CKS (N tracks >total

— Multi-parton interaction, Percolation model with string screening, ...
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Quarkonium polarization in pp

e . . STAR, PLB 739, 180 (2014)
Compilation done by P. Faccioli et al. in PLB 736, 98 (2014)  pyenix, PRD 82. 012001 (2010)
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. wns) l/) (nS) 1 Y(nS) Y(nS) °L s =200 GeV ®  PHENIX data, [y[<0.35 ]
] ] 0.6F |y|<1 [ com —
1 1 % 0.4 == CSM -direct NLO 3
D.Si e a1 . E ] (;:el\:i_-dc:’l:::t NLO + approxE
] ——] 0.2 A 3
s T 1 — . X G il K =
: l > ! E Attt 3
t ? 1R ol — - oF S === "‘{Q’:Q::’.O0.0?.Q. -
4 — - W W vy, -
] = SISO =
v CHS, ] <04 ] 2F -

—e— JIyCMS, ly| < 0.6 0.2 = ;
—8— JIyCMS, 0.6 <y <12 B (15) CMS, Iy] < 0.6 = .
& uZS)CMS, [y] < 0.6 -0.5 + —e :(15) cms, Z,h Iyl <12 -0.4F AVGAVAVAN A ATE 0 0. 02 —
—S— (25 CMIS, 06 <y < 1.2 Yi2s) Wl<08 SE = 3
e en o eyrs® —E Y(25)CMS, 0.6 <] <1.2 0.6F =
. o5 cy< i —+— Y(35) CMS, [y| < 0.6 .o T
- JWLHCb'z'S(y‘” 41— R :(JS] cMs,loyiu yl<1.2 - —-0.1 6*pT+0.1 8 =
4 —®&— Y(1S) CDF, |y| <0.6 | » s ="
g D 0.8f helicity frame J2Indf: 1.5/4 =
1 —+— Y(3S)CDF Jy| < 0.6 - Lo b T by H

L L S R -

0 10 20 30 40 50 10 1 2 3 5 6
P, [GeV] p. (GeVic)

= Data points are scattered around the unpolarized limit with no significant
dependences on pr, y, flavor and feed-down effect at LHC.

— Quarkonia are produced via common production mechanism

— Pre-resonant QQ pairs are dominantly produced in color octet state, 15([)8]
~  Ag+32

= Try a frame independent approach using A = i—ld’

—A¢

-

— )=+1for ) and A=-1for -
&

v
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Y polarization in pp

CMS-HIN-15-003
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Nch Nch Nch
= Polarization results obtained in HX, CS, PX agree each other.
= No significant changes in Y(nS) polarizations can be seen as a function

of N,y in pp

HX (C.M. helicity frame): polar axis =Y momentum
CS (Collins-Soper frame): polar axis = average of two beam directions in the Y rest frame

PX (Perpendicular helicity frame): polar axis = orthogonal to the CS frame



Inclusive J /Y in pA

p-Pb \s,,=5.02 TeV

ALICE (JHEP 02 (2014) 073): inclusive Jiy—p'y, 0<p <15 GeV/c
L (-4.46<y _<-296)=5.8nb" L (2.03<y_ <3.53)= 5.0 nb™!
ALICE (ar)(hr 11503, 07179): inclusive .que*e P>0

L, (1.37<y__<0.43)=51 b

global uncertainty = 3.4%

EPS09 NLO + ELoss, q,=0.055 GeVZ/fm (Arleo et al.)

1 |1 | 1111 | | | 1111 | 1 111 ‘ 1111 | 1111 | L 111 | 1111 | 1 ||
-1 0 1 2 3 4
ycms

pPb @ /syy=5.02 TeV, 0-100%
ALICE, JHEP 02, 073 (2014)
& Backward data agree with nPDF
and/or energy-loss (Eloss) models.
& Forward data: energy loss essential,
but CGC overestimates suppression.

ALICE, JHEP 06, 055 (2015)

J, No significant nuclear effects in
backward region.

J Mid and forward rapidities: J /1
suppression at low py (< 5 GeV/c)

J' nPDF+Eloss fails to reproduce the
data at low p7 in forward region.

[ ALICE, p-Pb {5, =5.02 TeV
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i 0.6
A . o g ;
oaf Backward Midrapidity | ;
C EPS09 NLO (Vogt) \
02 []ELoss with g =0.075 GeVa/m (Arleo et al.) - =EZSCU?FN:'O (Vo ?1] -CGC(F i ”
F [ |EPS09 NLO + ELoss with q =0.055 GeV2/fm (Arleo et al.) 02r¢ [ JEloss wi ith g,=0.075 GeV’m (Arleo et al.) 0. ELos sw:hq =0.075 GeV3fm (Arleo et al.)
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d?c(pr,y > 0)/dprdy
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R, of J/4 and P (2S)

Prompt]/t/) RpA > 1

ATLAS-CONF-2015-023
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Y(2S) in pA

ALICE, JHEP 12, 073 (2014)

1B [ ALICE, p-F‘b'|s_.5.0215‘|" inclusive Jiy, w2S)—u'y tca 18 ALICE, p-PB (L] 5.02 TeV, 4,46 < rmc-z.w I:Eg 1_3 I ﬂLlGE,p-Pb1S““=5.U?T¢V.?-[ﬂ¢ rmca.ﬁ:l
16+ wos 1277 Piignsis i 16F 17 ctmum quimontaonisy
14 b 14- C EP508 NLO {Vogi) 1_4 o EPS0% NLO [Vog)
1.2 vis) 1.2
N o oy 1
. N AT I;}IB ? ;:. o oy GIE
0.6 i 06F 0.6 =
04f 4 04F ¥ 0.4 e
EP508 MLO (Vo) L | 4
nak :’.,".ZELw-ﬂnql;llﬂ?iD«'I"lm[ﬂﬂwdal.l 9.2:_ 0.2
R AT T T IR T TRTI ST TN PO PO P T T T T PO T T
D—E 4 3 2 1 0 1 2 3 4 5 E}[]' 1 2 3 4 5 3] 7 8 D[} 1 2 3 4 5 B 7 8
Yone p, (GeVic) p. (GeVic)
Bck-y ——— Fwd-y Backward-y Forward-y
_;& 5 E ALICE PFIELIr\]’IINAHY,Ip—F’b \sr:N= 5.02 lTBV, qurf y(2S) 5 YT
™ P (2S5) is more suppressed than J /1 at both iS b 2R <08 ¥ 4doey, <26 :
. gege w .0 [ PHENIX, d-A 200 GeV, J/ (28) = e'e =
backward and forward rapidities. %y gb o Va0 PRI 202001G01S) E
N nPDF and/or Eloss cannot describe the large o 14F E
suppression for Y (25): £ 1.2F
— Shadowing and Eloss are expected to be g P~ sS—— ey
. . E C I
identical for / /1 and Y(25). L. g'z;
— QGP+Hadronic Resonance Gas (Du and Rapp) N
. o ) 0.4:— 771 QGP+HRG (Du et al), 203 <y, <353
and comover dissociation model (Ferreiro) 02FE = 83?;,,‘;1%5;;::;‘L;‘Li"’zngsig"‘ . @
. . I — Comaovers (Ferreiro), 446<y < -2.96
L1 L L1 L 11 L I L fn-sl I L1 L I L1 L I L1 L I L L
can describe Y (2S5) suppression. R e T e PR YR
<NmLIJ|IT>
October 4-9, 2015 ISMD2015 11



Y(nS) in pPb

— 0.5

Y(nS)
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CMS, JHEP 04, 103 (2014)
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= Suppression is significantly larger

for PbPb than for pPb

= Suppression of Y(3S) is larger

than that of Y(25) in pPb
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Y(1S) in pPb

ALICE, PLB 740, 105 (2015)

8 | 4 AUCEp-Pb 5,=502Tev
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L e e R W ]
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0.8F .
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o - Ly (446<y  <-296)=58nb" L, (208<y_ <353]. 5.0 nb’ iy -
12_ 7 1‘2__ \J ALICE
g = LHCb
1_ __\\\ __________________________ 12...... . -
03Ei + ///?/W)/f 0.8:—4H7 m H
o.s?— 0-6;
0-45 R CEMYEPS09 NLO (Vogt, arXiv:1301.3395 and priv.comm.) 04 :_
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Inclusive J /¢ in PbP

TM1: Zhao et al., NPA 859, 114 (2011)
TM2: Zhou et al., PRC 89, 054911 (2014)

. 1.4
Eté [ Inclusive Jiy — u*w, Pb-Pb |5,,=2.76 TeV, Au-Au |s,,=0.2 TeV Cl’:é L Inclusive Jhy — p*y, Pb-Pb \Syn = 2.76 TeV
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C _9N0L = mm rimordial J/y ]
0.85 Il 0-20% -=-Regenerated J/y (TM1) regeneration can reasonably
0.6 . Ezgfr:ziinﬁw wj}) describe the data.
o & The rise towards pr = 0 is due to the
04 . .
: 7 __ _ El R I— ¢ .......... dominant regeneratlon Component.
0.2t <] _\-[%r -----------------------------------------------------------
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Inclusive J /¢ in PbPb

ALICE, arXiv:1506.08304

utu” in forward

ALICE, JHEP 07, 051 (2015)

ete™ at midrapidity

27 ® ALICE, | 5,,=2.76 TeV, Pb-Pb, y <0.8 ® ALICE, | 5,,=2.76 TeV, Pb-Pb, y <0.8
“ - ALICE inclusive ,wa s u*p', 2_5{:}1{4 * ¢ PHENIX, | 5,,=0.2 TeV, Cu-Cu, Au-Au, y <0.35 | Transport model (Zhou et al., PRC89 (2014) 054911)
1 8 F - + NASO, | s,,=17.3 GeV, Pb-Pb, y <1 [ ITransport model (Zhao et al., PRC82 (2010) 064905)
B Pb-Pb |5, =276 TeV, global syst = 4% L
16 g}.d}-{h’"'. | bit bttt
14F Pt N i 41 |
12F + ------------- + ) e
di ** oo ! WH
0.8F PHENIX inclusive Jiy — 'y, 1_2‘:|yi;£ﬁ'"““f-=:;:;:;;!:;::"'~-.,. 1¥ . e N .
F @ AuAuandCucCuyS,,-02TeV, giobalsyst =2% - Civei: [%] S
08 F  Nasoincuse iy — WA, Dey < 5
04F & PbPb|5,,=0017 TeV, giobal syst = 3% i " SR ; *
02F Tra¥sMp10rt mode! c?:dlgtéons 05 ® E j . H E !
U C -IrM2| 1 11 JIB‘ITll E | -II-RI'_“ICI 1 11 I -.-SFrS | 1 0 5 ; J ‘ ;
1 10 102 0 100 200 300 400 O 100 200 300 400
N (N ) (N
( part part part
Nyqr¢) depend f Taa = Pl
— Increases with centrality at SPS: Cronin effect
— Decreases with centrality at LHC:
* Indication of regeneration and thermalization of charm quarks
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= 4 CMS Prellmlnary

J/W in PbPb

CMS, PAS HIN-12-014
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AA

]/ll) in PbPb CMS-HIN-15-005

Model, NPA 859, 114 (2011) . ,CMS Preliminary PbPb |, = 2.76 TeV
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= No need for regenerations at high pr
= Ry4(B) > Ry4(D): Mass ordering predicted by dead cone effect
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P(25) in PbPb
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For 3 < pr <30 GeV/c
in1.6<|y|<2.4,

Ry (2s) in central
(20%) PbPbis ~ 5
times larger than
that in pp with larger
systematic error.

For 6.5<p<30 GeV/c

in |y| <1.6, RI,D(ZS) in

central (20%) PbPb is

~2 times smaller than
that in pp.

* |ndication of y(2S) being less suppressed
than J/i (<20 effect) at low pr in the
most central events: Need more J /Y
statistics during LHC Run Il.
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Y(nS) in PbPb CMS, HIN-15-001

] PbPb 166 ub”, pp 5.4 pb’’ VS = 2.76 TeV & PbPb 166 ub]", pp 5.4 pb"I \leN =276TeV Pblel» 1§6 Iubl*, Ipp‘5.l4 pr"l - \.SN|N - 2.'7‘,5 TleV
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e I CMS ~ CMS Strickland et al., ] - CMS Eur. Phys. J. A48 (2012) 72 ]
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I Centrality integrated results: Y states suppressed sequentially (0-100%)
R 4[Y(1S)] = 0.425 + 0.029 + 0.070
R 4[Y(2S)] = 0.116 + 0.028 + 0.022
R,41Y(3S)] <0.14 at 95% CL
/1 Anisotropic hydrodynamic model for thermal suppression of bottomonia
— 2 temperatures along y, 3 shear viscosities, no CNM, no regeneration, ...
/1 Transport model taking into account CNM and regeneration

October 4-9, 2015 ISMD2015 19



Y(nS) in PbPb

PbPb 166 ub™, pp 5.4 pb™ Sy = 2.76 TeV
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& Y suppression does not strongly
depend on kinematics.

I Anisotropic hydro model cannot
reproduce the forward data:
CNM may help?
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J /¥ photo-production
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+ 20-40%
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ALICE Pb-Pb s, = 2.76 TeV

Inclusive J/y — p*u, 2.5<y<4 \

global syst. = +4%
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ALICE, arXiv:1506.08804

ALICE, Pb-Pb |s,, =2.76 TeV
25<y<4

0s< p.< 0.3 GeV/c, global syst = = 15.7 %
03 < p < 1 GeV/c, global syst=+ 151 %
1< Py < 8 GeV/c, global syst =+ 11.5%

Common global syst = + 6.8 %

i E :

part )

= An excess of | /1 observed at low p;r < 300 MeV/c in peripheral collisions
» Possible origin: coherent | /1 photo-production in ultra-peripheral collisions
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J /¥ photo-production

CMS, HIN-12-009

CMS Preliminary
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) ALICE and CMS data favor moderate
) nuclear shadowing models such as
Coherent component Incoherent AB-EPS09 and GSZ-LTA for nPDF.
for pr < 150 MeV/c component
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Summary

1. pp
— New J/Y and Y data at LHC will help constraining production models.

— Non-linear increasing yields and polarizations are yet to be understood.

2. pA
— Interplay between shadowing and energy loss can describe J /1 data.
— Co-mover effect is important to understand the 1 (25) production.

3. AA

— Suppression and regeneration are necessary to describe the low-pr J /Y
data on nuclear modification factor and pr broadening.

— Less suppression of Y (25) relative to J /1 for the most central collisions
has been observed that needs to be confirmed by RUN II.

— Y suppression does not strongly depend on kinematic variables.
— Photo-production of ] /1 favors moderate nuclear shadowing.

4. LHC RUN Il with large statistics will be crucial to understand
many puzzles in the current heavy-ion results.



