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Why quarkonia?

® Quarkonia: bound states of a heavy quark and its antiquark

® |mportant probes of initial and final state nuclear effects

e Mainly produced at the early stage (m¢ >> Aqcp),

— experience the whole evolution of medium

Initially
¢ by gluon-gluon hard scattering processes Regenerated produceq
quarkonia quarkonia

— sensitive to gluon PDFs
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Nuclear effects on quarkonia

J/Ll), Y'
CNM effects in pPb T T QGP effects in PbPb
<Initial state> e e ] e Debye screening W el ]
® Nuclear PDFs — Sequential melting -

® Gluon saturation
e Parton E loss

<Final state>
® Nuclear absorption
® Comover breakup
® Final state E loss
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Quarkonia results at 5.02 TeV
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Charmonia
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Prompt vs. Nonprompt
~— T

Directly produced J/y From the decay of B hadrons
® Feed down from P(2S) and X (Lifetime of B ~ O(500) um/c)
u_
M- U+
U+
J/q/
Ly~0 B
. Xy Secondary
Primary vertex

. Primary
K vertex j K vertex j

® Pseudo-proper decay length
, r M j/y +—— PDG value * |P resolution of CMS
T/ = :ypT(N+M—) - transverse ~ 25-90 um

| - longitudinal ~ 45-150 um

transverse distance between
PV and SV in laboratory frame
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Prompt charmonia selection

® J/Y analysis: separation using 2D fits to my, and €j;y  EPJC 77 (2017) 269

34.6 nb™ (pPb 5.02 TeV) 34.6 nb™ (pPb 5.02 TeV)
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Prompt J/¢ Rppb VS. PT

(d*c/dpr dycm)ppb EPJC 77 (2017) 269
PT dYcm)pp pr 346nb . pp 28.0 pb™ (5.02 TeV)
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® Rppp * 11in mid- and backward ycm
e Suppression at forward and low pr is suggested — smaller x regions
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Prompt J/¢ Rppo: theory vs. experiement

Roos (91, Yent) = (d*c/dpr dycm)ppb EPJC 77 (2017) 269
pPb\FT,YCM ) —
A(d?0/dpr dycm)pp oPb 34.6 nb™ pp 28.0 pb™! (5.02 TeV)
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1  (Lansberg-Shao)
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i Backward § *—°
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T i BW FW
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® Rppp * 11in mid- and backward ycm
e Suppression at forward and low pr is suggested — smaller x regions
e nPDF models marginally lower but describes data
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Prompt J/Y Rppb: €Xp vs. exp

Forward Mid-ycm Backward

5 pPb 346nb pp 28.0 pb™ (5.02 TeV) 5 pPb 346nb pp 28.0 pb™! (5.02 TeV) 5 pPb 346nb pp 28.0 pb™’ (5.02 TeV)
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® CMS results extends previous LHC measurements . O

o—> <
e Forward ycm and lower pr: Rppp < 1

® Mid-yem: Rppp ~ 1 BW FW

® Backwar nd higher pt: Rppp > 1
ackward ycm and higher pt: Rppp EPJC 77 (2017) 269
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Prompt ¢(2S) Rppp VS. yeum

16pr346nb . pp 28.0 pb”’ 'Sy = 5:02 TeV 16pr346nb pp280pb1 W 502TeV
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® [inal state effects on Y(2S) at backward? (e.g., comover breakup)
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Ww(2S) to J/Ww DR vs. ptin PbPb

PbPb 351 ub™, pp 28.0 pb™’ (5.02 TeV)

N((25)) S B L L L
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® )(2S) is suppressed with respect to J/y
® No significant pr dependence

0

PRL 118 (2017) 162301
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P(2S) to J/P DR vs. centrality in PbPb

ly|l < 1.6 1.6<]y| <24

6.5 < pt < 30 GeV/c 3<pr<30GeV/c

PbPb 351 ub™, pp 28.0 pb™' (5.02 TeV) PbPb 351 ub™, pp 28.0 pb™' (5.02 TeV)
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e No strong centrality dependence at 5.02 TeV
® Double ratios at 5.02 TeV are consistently lower than those at 2.76 TeV
in 1.6 < |y| < 2.4 and 3< pt < 30 GeV/c (right)
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P(2S) to J/P DR: theory vs. experiments

lyl| < 1.6 1.6<lyl<24
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PRL 118 (2017) 162301
® Transport Model

® (2S) regenerated later and more affected by flow than J/y
® | arger transverse flow at 5.02 TeV than 2.76 TeV
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Bottomonia
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Bottomonia as golden probes

® Three Y states are characterized by similar kinematics
out have different binding energies

® Negligible nonprompt fraction and less regeneration
compared to charmonia

PP PbPb CMS-PAS-HIN-16-023

pp 28.0 pb (5 02 TeV) Pbe 368 ptb (5 02 TeV)
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- ﬂ pi* < 2 GeV/c CMS 900F- p$”<2GeV/c CMS .
—~ 3500F 1 S ly"1<2.4 Preliminary — —~ 800F ly"1<2.4 Preliminary 3
O - : p; >4 GeV/c . O - pl >4 GeVic ]
% 3000 - 'l < 2.4 GeV/c ¢ Data B % 700 E_ 'l <2.4 GeV/c ¢ Data _E
G 2500 —Totalfit ~ — G 600 Centrality 0-100% —Totalfit
g 5000 E_ + + 25 ---Signal _E g 500 2.\ ---Signal =
= - ---Background g = 400; ---Background —f
S : : S S00c E
o 1000 E o 200F =
500 WA - 100E E
O_ L | 1 “ " |f;‘:.‘L‘\ﬂ e e b e e b : OFJ I B 1 a L 1 | LJ:
2 §§3 “‘ ;‘—*—%’**rﬁ*ﬂmﬁﬂ*ﬁ’f’ ety r,t**—*#*“g > _§ Egm*ww*;ﬁﬁ— Wb pppaett MMW"—’#;—‘,#%, Hé
10 11 12 13 14 8 9 10 11 12 13 14
2 2
m,., (GeV/c) m,.. (GeV/c?)

May 18th 2017 Songkyo Lee, LHCP 2017 16



Y(nS) Raa vs. centrality

PbPb 368/464 ub™', pp 28.0 pb™ (5.02 TeV) CMS-PAS-HIN-16-023
_I T T | L | L | T T | L | L | L | T T | I__ |
1 2 p; <30 GeV/c CMS T 1 g _
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0T 0.61 Iﬂ : .
| ia u € - :
0.4A T\ o el - H ] Y(1 S) (bib
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02 W ™M [ . T 1 Y(@2s) ©o=e
O_|||||||||||||||||||||||m|m| Ry .N-E‘_ Y(3S) H
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.:. part

e All three states are suppressed with increasing centrality

® Raa

Y(1S)] > RaalY(2S)] > RaalY(3S)] —» Sequential melting

e Hydrodynamic model overlaid
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Y(1S) Raa: 2.76 vs. 5.02 TeV

0.2

1 6rrrr PDPb 368/464 ub™, pp 28.0 pb™ (5.02 TeV) CMS-PAS-HIN-16-023
. __I_I [ | T T | T T | T T | T T | T 11 | T T | T T | I__ ]
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1 olm Y(1S\)/ S T ] d® Ny /dpray
<1 —m Vs, =276Te T i 2gPP
I - \/SEE =5.02 TeV L cent. < Taa > d?oy" /dprdy
Ing tomof
< CENENCM, Krouppa, Strickland T ]
< || ’ ‘“ 1 ]
o O.BE__’% o o T :
0.6 \ + -
- T 1 2.76 TeV
0.4 T ]
5 T  15.02TeV

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I_
OO 50 100 150 200 250 300 350 400

T

® |ndication of larger suppression at higher energy

e Hydrodynamic model

— initial medium T: ~550 MeV (2.76 TeV), ~630 MeV (5.02 TeV)
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Y(nS) Raa vs. pTt and |yl

PbPb 368 ub pp 28.0 pb (5.02 TeV) PbPb 368 ub pp 28.0 pb (5.02 TeV)
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e No strong dependence on ptandy
® The pt dependent Y(1S) Raa shows a slight increase

CMS-PAS-HIN-16-023
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e pPb collisions JIV P(2S)
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Backups
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Parton Distribution Functions

arXiv.1111.5432v4
proton PDF

HERA I+II inclusive, jets, charm PDF Fit 2
j \ g < 1 In Q2(Y)

saturation
region

Q’ =10 GeV?

June 2011

—— HERAPDF1.7 (prel.)
- exp. uncert. Gluon Recombination

:| model uncert.

[ ] parametrization uncert.

0.8

BK/JIMWLK
E(x)ca, In(l/x)"
arkl BH(x)xca, In(Q%)”

@ DGLAP _

10'J = 10 o H“lIO‘2 o HlllO‘l XI In A In Q2
) QCD
X: fraction of nucleon

. Gluon Splitting Qz Iarger
momentum carried by parton

06 ™
R wmn HERAPDF1.6 (prel.)

0.4

X smaller

0.2 -

non-perturbative region og ~ 1

HERAPDEF Structure Function Working Group

e Gluon density significantly rises with decreasing x
e When too many gluons are squeezed in a confined hadron, gluons start to
overlap and recombine — saturation in gluon distributions
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Nuclear PDFs

[ [ [ [
—— EPS09 NLO ---- nDS NLO
1.25|—
PDF in nuclei —
=
3.
I 1.00
(aV]
<
o
®
o
Cﬁ’ 075
<
p —
of
0p)
0.50 )
i
| | | /4 | | 1 I 1 I |
106 1075 1074 1073 1072 101 109

X

e NPDF modified compared to proton, especially at low x

e Measurements in low x is crucial to constrain nPDF models
arXiv:1507.04418
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CMS coverage

e CMS at LHC allows the measurement of quarkonia with

® | arge production cross section
e Wide coverage in x

Charmonia
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QGP effects

e Debye Screening T/T, EPJC 61 (2009) 705

e Sequential melting: thermometer for QGP
® Suppression of charmonium yields compared to pp

Y(1S)

lllll)

J
Ay , g 0%, D-0% ©_ 1(2P)
\ ‘ ™ XC(IP)
o P oo b ' -
0© o © 0% o0

® Regeneration

® Combination of initially uncorrelated charm and anticharm quarks
e EFnhancement of charmonium yields compared to pp
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Sequential melting
~Resonance  Jiy W Y(1S) T(28) Y@S)

Mass [GeV] 3.10 3.68 9.46 10.02 10.36
AE [GeV] 0.64 0.05 1.10 0.54 0.20
Radius [fm] 0.25 045 0.14 0.28 0.39

e 4
2
E'_‘: 1 XC
. fe
3 = A
e | \
5 o
B o h
2 -
A (2S) (1P) (1S)
= g
- | e
€(2S) €(1P) € (15)

Energy Density
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Signal and background modeling

J/P

34.6 nb™ (pPb 5.02 TeV)
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

- 1.5<yCM<1.93

CMS

1000__ 2<pT<3GeV/c —

< e Data
§ 800 %4 Total fit ‘ _
[0) - =\= Bkg + nonprompt §
E | === Background
N 600
= i
12 i
c
S 400
o —
@)

200

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
8.6 27 28 29 3 31 32 33 34 35

m,, (GeV/c?)

Sig:1G+1CB
Bkg: Exp

0.05 GeV/c?

N

Events/

P(nS) Y(nS)

, PPb34.6 nb’’ VS = 5.02 TeV pp 28.0 pb™ (5.02 TeV)
10 ||||||||||||||||||||||||||||||||||||| 4000:_'IlllllllllIlllllllllllllllll_:
- . Dt CMS ] - ﬂ pi:u<2 GeV/c CMS 1
[ — Total fit Preliminary | & 3500F v =2 Preliminary
| --- Background i © - | py>4Gevic .
i 4<p <65Geve | > 3000 | Wi<24cev } Data
-24< Yo <~ 1.93 7 A 25008 — Total fit —;
o 2000 ---Signal .
Z 15001 ---Background ]
* - :
10°F = -
I 2 1000f
L -
500
O_ L1 l"l: I |“‘~'|l"|':|‘: 1“‘~| vl by ey by
— - ‘ i i i i T
111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 1 |¢| | 111 D:- _§§_‘j‘ﬁ W'zﬁ%m'g‘¢%m'ﬁ*¢m‘a'¢i¢-‘w’_“‘¢*:‘muj
22242628 3 32343638 4 4.2 8 9 10 11 12 13 14

m,,. (GeV/c?) m,..- (GeV/c?)

Sig: 2 CB
Bkg: Err x Exp

Sig: 1G+1CB (pPb)
or 2 GB (PbPb)
Bkg: Chebychev poly
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Prompt J/y cross sections

d?o

IM
F1t

/ (Acce) Forward Backward

B(J/p —putu)

dprdycm  Lint Apr Aycm (p-gOIng) (Pb-going)

5 28.0 pb™' (pp 5.02 TeV) 5 28.0 pb™" (pp 5.02 TeV)
10\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\ 10\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\
10°F &, CMS 1026 CMS
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> + *. > + *.
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Q) -01’“ e Q) e
S~ -1 :’: S~ -1 .:.:.
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= 2 .+:’=' + = 2 '+:’:
10” N 10° o
%;— "+:.: 4 %;— ¢ ++ 4
107° o 10°7°
i i
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O 105 F}orv(x;ard rapnd:)ty9 @ © 105 B:ckgv;rd rapiditg @
<y < 09<y <
m ®09<Y_ <15 (x10) m - -15<y" <-0.9 (x10)
10-6 415 <Yy < 1.93 (x100) 10—6 -4--1.93 <Yy < -1.5 (x100)
-+ 1.93< You < 2.4 (x1000) 424 < You < -1.93 (x1000)
—7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\ —7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\
10 0 5 10 15 20 25 30 10 0 5 10 15 20 25 30
34.6 nb™ (pPb 5.02 TeV) 34.6 nb™ (pPb 5.02 TeV)
T T T T T T T T T ‘ T 1T ‘ L ‘ T T T | T T T T ‘ T 1T T 1T ‘ T T T ‘ T T T ‘ T T T | T
10° 10°
\ CMS ) CMS
&) 10 Prompt JAp &) 10 * Prompt JAp
5 10° 5 10°
Q) 2 Q) 2 T
= 10 = 10
o 4:: o + *
EPJC 77 (2017) 269 2 10 .;.= 2 10 . .
%;— 1 ‘e ¢ %;— 1 .+ ¢+
. Q 4 O 4
® pp:-24<ym<24 g 10 . g 10 -
ND 102 . Nb 102 £ Backward rapidity .
-0.9 0
. g 10—3 Forward rapidity g 10—3 : 15:;, : -0.9 (x10)
® pr _287 < yCM < 193 - 0<y, <09 *193<y , <-1.5 (x100)
10_ I09<y w <1 .5 (x10) 10_4 +-24<y <- 1.93 (x1000)
-4-1. 5<y <1 .93 (x100) R 287<y ws< -2.4 (x10000)
— 111 1 ‘ I | ‘ I | ‘ I | ‘ 111 | ‘ 111 1 | | — I | ‘ I | ‘ I | ‘ 111 1 ‘ 111 1 ‘ I | | |
o )KL PT < 30 GEV/C 10°0"""% 15 20 25 30 10755 15 20 25 30
pT (GeV/c) pT (GeV/c)
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Prompt J/P Rppp VS. Yeum

. EPJC 77 (2017) 269
Lower pT Higher pt

1 6 I | L | T |p||P|b| |3|4|-.|6| Ir]|b|-|1,| |p|p| |2|8|-|O| IpIP-I1|(I5|.IO|2| |-I|-|e|\/|) 1 6 I | T T | T |p||P|b| |3|4|-.|6| Ir]|b|-|1,| |p|p| |2|8|.|O| IplP-|1|(I5I.IOI2| I-II-Iel\/|)

s 4 65<p <10GeVic CMS - ;4 10<p <30 GeVic CMS -

- Prompt Jp - - Prompt JAp -

1.2 . 1.2 .

- o | © ’ - % ° . ¢ |-

1—] ¢ ® ] 1—] e e L. ¢ ]

. L 5 Y\ T Wz S i
= 0.8 XXX ' 0.8F _
oC 5 1 @ - i
0.6 = 0.6 =

| |e] Data i | |e] Data i
0'4:_ _| EPS09 NLO (Vogt) B 0'4:_ ~| EPS09 NLO (Vogt) E
0oL \J EPS09 NLO (Lansberg-Shao) - 0oL \J EPS09 NLO (Lansberg-Shao) B
"I /] nCTEQ15 NLO (Lansberg-Shao) i " I /] nCTEQ15 NLO (Lansberg-Shao) i

_I | 111 | 111 | L 111 | L 111 | 111 | 111 | L 111 | [ | 111 |_ _I | L 111 | L 111 | 111 | 111 | L 111 | [ | 111 | 111 | L 111 |_
O—2.5 2 -15 -1-050 05 1 15 2 0—2.5 -2 -15 -1-050 05 1 15 2

yCI\/I yCM

e | ower p7: possible decrease of Rppp fOr increasing ycem
e Higher pt: Rppp is above unity for the whole ycy range
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Prompt J/¥ Rrs VS. pr

EPJC 77 (2017) 269
e An observable free from pp reference
® | uminosity uncertainty cancels
e Useful to study centrality dependence without Ny information

34.6 nb™ (pPb 5.02 TeV) 34.6 nb™ (pPb 5.02 TeV) 34.6 nb™ (pPb 5.02 TeV)

1.6_ |||||||||||| | T T 17T | T T 17T | T T 17T 1.6_ |||||||||||| | T T 17T | T T 17T | T T 17T 1.6_ |||||||||||| | T T 17T | T T 17T | T T 17T
148 CMS - 1_4:_ CMS - 1_4:_ CMS -
Prompt Jiy - Prompt Jiyp - Prompt Jip 1
1.2 ] 1.2 ] 1.2 -
1 ° — 1t | 1 |
[ oo o ¢ ] - o : ] B + o t
L nal ] L nal ¢ ] L aal o ]
0.6 : 0.6 : 0.6 :
0.4 . 0.4 . 0.4 7
0<IyCMI<O.9 : 09<ly I<1.5 15<IyCMI<193
0.2F - 0.2 - 0.2 -
O | I | | | | | | | | | | | | | | | | O:I 111 | | | | | | | | | | | | | | | | O | I | | | | | | | | | | | | | | | |
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
p_ (GeV/c) p_ (GeV/c) p_ (GeV/c)

® Rrg < 1forprs7.5GeV/cand |ycu| > 0.9
Indication of a modest decrease with |ycul in 6.5 < pt < 10 GeV
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RrB VS. event activity

o EHFIN>4: raw transverse energy deposited in

Hadron Forward Calorimeter at 4 < |n| < 5.2

® (Centrality-like characterization in pPb

HF|n|>4 HF|n|>4

pPb [ETO—zo ] <ET9.4 > i | g IO 7T (2017)269  34.6 b (pPb 5.02 TeV)
min- | 20-30 243  18% - | | :
bias || 30-120 37.2 9% 1.4l CMS -
f VT Prompt J/p 1
Forward-to-backward |1.2- -
production ratlosv i . W n
o 081 ~
_ i +
® Rrg decreases with EfHFInl>4 061 -
. . ) GeV/ -
* More significant for 0.4/ 6‘50<<P|Ty:j<loz c -
|arger |YCM| and lower DT 0.2F mjo9<ly_ I<15 5<p <6.5GeVic 7
- ¢ 1.5<IyCMI <1.93 E1.5<IyCMI <1.93 i
- | | -

® Fnhanced nuclear effects? 0020 50-30 >30

E_II-_IFh”||>4 (GeV)
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Prompt J/¢ Raa vs. centrality, pr, Iyl

Npppb QCD Medium Raa < 1: suppression
RAA — T = Raa = 1: no medium effects
AA X Opp QCD Vacuum Raa > 1: enhancement
CMS Sy = 2.76 TeV CMS VS = 2.76 TeV CMS Sy = 2.76 TeV
< RAARN RARRNRARRE LRARE LR RARRNLRRRN RARRN RRRNRAR AR R RN RN RAR RARE RARR RN RRRN RARN I B B AL LN AR B
v 1-4:—Pr0mpt Jp E 1-4:— Prompt J/ B 1-4:—Prompt Jp Cent. 0-100% -
1 oF 6.5<pT<30 GeV/c T 1oF 6.5<pT<30 GeV/c T 1 oF B
- lyl <2.4 ] - Cent. 0-100% ] - +16<lyl<24 ulyl<24 ]
1 l 1 =1 —
0.8 - 0.8F - 0.8F -
L ] i ] i
0.6~ " - 0.6 = 0.6 .
- «n, 1T 1 ¢ ¥ . g
0.4 o o - 0.4 - m m m - 0.4 ¢+ = @ o ]
B I N & - - 8 B - )
0.2F -1 0.2F 1 0.2k ]
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ O_III|III|III|III|III|III|III|III|III|III|III|III: O:I 1 1 1 | I I | | I I | | I I | | I I | | 11 1 |:

0O 50 100 150 200 250 300 350 400 O 04 08 12 1.6 2 24 0 5 10 15 20 25 30

W

e Stronger suppression in more central collisions

e No significant rapidity or pt dependence g ——
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Prompt J/Y Raa: CMS vs. ALICE

EJPC 77 (2017) 252

CMS ISy = 2.76 TeV
5 B I | LI I UL l L I L L I LI L L I LI L |
— Prompt J/ ~
o 1'4: + 1.612?yl <q.',2.4 Cent. 0-100% -
= m lyl<24 .
1.2 Inclusive J/y (ALICE) -
i e 25<y<4, Cent 0-90% i
1r .
0.8 % -
. ]
0.6 —
-t . -
0.4+ +&+ I o ~
i - I
0.2 .
O i 1 1 1 1 | L1 1 1 I 1 1 1 l L1 1 1 l L1 1 1 I 1 1.1 i
0 5 10 15 20 25 30

p. (GeVi/c)

e Complements ALICE (starting from pt = 0 GeV/c)
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Open vs. Hidden

EJPC 77 (2017) 252

CMS Sy = 2.76 TeV CMS Sy = 2.76 TeV
< _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ < _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
< : _ <t [ : _
oC 1.4 N Hidden charm: prompt J/a ] oC 1.4 B Hidden charm: prompt J/ ]
B + 3<p <6.5GeV/c,1.6<lyl<2.4 ] B ® 6.5<p_<30GeV/c,lyl<1.2 ]
1.2 N Open charm: prompt D’ (ALICE) - 1.2 N Open charm: prompt D (ALICE) B

i O 2< p. < 5 GeVlc, lyl <0.5 ] i O 6< P, < 12 GeV/c, lyl < 0.5

L ] 11— .

: lower pt : : higher pt :
0.8 - 0.81 N

s URIPCRCS I R

0.2F D - 0.2F H D M -
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Npart Npart

e J/Y and D show a similar suppression

e Modification is an admixture of several mechanisms, and

Each processes would be different for open and hidden charm
e o g Debye screening, regeneration, nuclear effects, feed-down, etc
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Prompt ¢(2S) Rppp VS. pT

pPb 34.6 nb™', pp 28.0 pb™ sy = 5:02 TeV
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P(2S) to J/P DR vs. y in p(d)A

RHIC LHC

o | v [T T T T T
3 PHENIX |s,,,=200 GeV LE —@— LHCb, (syy=5TeV
| @ H |4 pPb \s,, =5TeV —$— ALICE, |s,,=5TeV 3
= I . L . :
b} b} 1 —----.._.a...-...-..._____.___F----[ |2 Py <14GeVie 4 PHENIX, ysy,=0.2TeV Z
L' T e e —— C -
~ | ] | 1§ ..
< - : | -
b b 0.8F | =
"’E 0.5 éq - i ;
— ¢ *He+Au 0-6F —%—1 ‘ r
& ,3 ] l ¢ p+Au —p+AuU cO-mover 0.4F | -
> = ¢ p+Al —p+Al co-mover - ]
° o, &d+Au PRL 111 202301 (2013) 0.2F nclusive y(25) 3
o4 ' ' ' l ' ' ' : - | | | L,
_ O i ' 1 1 1 1 1 1 1 1 1 ' ' i
2 0 . .2 -4 -2 0 2 4
rapidity y
BW ¢—> ) O FW PLC 95 (2017) 034904
JHEP 03 (2016) 133

e Hint for stronger suppression of Y(2S) w.r.t. J/Y at backward
e Co-mover model qualitatively agrees with data
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P(2S) to J/P DR vs. y: ATLAS

= Jrr— T T T T U L
39 - ATLAS Preliminary p+Pb |5 = 5.02 TeV -
% 2.5 Prompt Double Ratio pp Vs =2.76 TeV ]
§ B 10<pT<SOGeV ~
8 20 .
= N -
& 150 t =
o t + :

|| Sl Rt R i’ Shbhh i —

0.5 —

: 10 < pr < 30 GeV/c :

O_I L Lo o b v b b 1

-1.5 -1 -0.5 0 0.5 1 1.5

y*

e Double Ratios consistent with unity

® Higher pt and mid-y compared to ALICE and LHCb
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J/P and P(2S) Rppp Vvs. y: LHCb

Prompt Nonprompt
. T —TT—T—TT "7 77 ﬁ2;"""""""',)5'"-
< L8E LHCh e Lt et oy < L8E LHCh T LBC: yetanb
1.6 PPb \sy,, =5TeV EPS09 LO 1.6F pPb \s\\ =5 TeV 50010 =
Lafs /2% EPSONLO L4 DSg LO -
1.2]5 J/LI) —E.li:s 1.25_ 1l _E
E ,%// o - == E.loss + EPS09 NLO : | ‘L)___. .;
2220/ S - .
op iy el
o6k T T “tore] ) 0.62— —— —i
0.4 ‘ [I)(ZS) o4 | 3
O2E p <14 GeVic O2E b <14 GeVic r
0 PO TS ST TR AT SN SRR TR N TR S P 3 0' P T S TR AT AN SN TN NN SAN SHN T N T S T |
4 2 0 2 4 4 2 0 2 4
* Y(2S) Rppb < J/P Rppp ’ * Hard to conclude ’
® Results are not well described (arge statistical uncertainties)
by shadowing and E loss
® Final state effects suggested
(interaction of cc_bar pair with
the dense medium created) JHEP 03 (2016) 133
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n density of charged particles in pPb

| | | | | | | | : I I |_
. p-Pb, s, =5.02TeV -
T T ST TR
3 e :
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T ]
@) i
% 1c HIJING: : N
« ALICE NSD g} no ghéag-gil -
—cz.1 S =U. |
Sat. Models: BB o 1 ]
— _|P-Sat [5] _20 n(?,Shad. [4] N
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PRL 110 (2013) 032301
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Transport model for ¢(2S) to J/¢ DR

arXiv.1609.04848
12 [ PbPb @ 2.76 TeV
, , Vel = e
RAA time evolution 12| U2t

1.5"'1'"I"'I"'l"'I"'T"""' 09 E
| : 08 2.76 TeV
Central PbPb V§\= 2.76TeV —— regeneration Jly | - 06 |
1.6<|y|<2.4 —— regeneration y’ 05 |
........... pnmordlal J/\v 04 ¢ _ NG
1 A primordial v’ | 8:2 S \\\:z\\\‘f&»_ \\\\\\\\\\\\\ :
1 01} R T
0 2 4 & 8 10 1
: prlGeV]
05 _ :i — — Pbe @ 502'TeV .................
2% al C==0 Jipsi lyl<1.6
. 1.3 === Psi(2S) lyl<1.6
3 J/psi 1.6<y<2.4
Psi(2S) 1.6<y<2.4
0 2 4 6 8 10 12 14 16 £ o7l 5.02 TeV
i time(fm/c) M
®* Most Y(2S) regenerated later than J/y —
e transverse-flow pushes Y(2S) to higher pr I
8 10 12

e DR >1 possible while to total yield y(2S) prlGeV]
e Due to the larger flow at 5.02 TeV,

more regenerated J/y are pushed
to higher pt

remains smaller than that of J/y
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Transport model for ¢(2S) to J/¢ DR

arXiv.1609.04848
1o PbPb @ 2.76 TeV
’ ===0 J/psi lyl<1.6
H s el
}:f ] PSI(2S) 1 bay<2.4
PbPb 351 ub™, pp 25.8 pb™ (5.02 TeV) O
o 25 L L L I L B B B . _
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2— - W lyl<1.6,0-100% CMS T 06 |
< o - | 05 |
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QY | [] @ Duand Rapp i 02} N R TSSNEEESER S
E (NPA 943 (2015) 147 + priv. com.) ] o1t R
~—" L - 0 2 4 6 8 10 12
T 1.5 ~ priGeV]
% B | :‘51 — “PBPb @E0aTeV T
& i i 13 | = %’5?&3’;7\31 6
= j Promptonly 12 |k J/psi 1.61y<2'.4
S 1 11 Psi(2S) 1.6<y<2.4
= 7 1
a q . 0.9 £
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S 06 |
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0 I | I\{ I I | | [ I | | I I | | I I | [ I | 0.1 3 %/
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e Due to the larger flow at 5.02 TeV,
more regenerated J/y are pushed
to higher pt
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Y(nS) cross sections

Double Ratios Single Ratios
a —~ 0.5

5:} 4[_CMS pPb \Syy =5.02 TeV  CMS PbPb \s =276 TeV - le_i - CMS PP VS = 276 TeV

= b ey <193 L=31nb" P Iy, /<24, L=150 ub" - =0.45F O L=54pb

< ¥ 95% upper limit i o F ly,,| <193

fg 1.2~ PRL 109 (2012) 222301 ;C: 0_4;_ 5P (535,02 ToV _;
- - L=31nb -

= JHEP 04 (2014) 103 > 4 oV 0351 o

) + . 0.3 f— P::b Sy = 2.761TeV—f
= . - L =150 ub’

E 08—_ + B 0.25— l p p |yCM| <24 ]
n . U V¥ 95% upper limit
c B - - & -
= 0.6/ - 0.21- pPb -
- 0.15 -

ok 4 - sPbPb
OE I E 0.0jg— T —g

Y(2S)/Y(1S) Y(3S)/Y(1S) Y(2S)/Y(1S) Y(3S)/Y(1S)

e pPbvs pp : Excited states are suppressed more than Y(1S)
in pPb compared to pp
e PbPb vs pPb : Additional final state effects in PbPb that affect

the excited states more than Y(1S)
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Y(nS) cross sections
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Y(nS) to Y(1S) DR in PbPb

Y(25)/Y(1S) Y(35)/Y(1S)

6 PbPb 351/464 ub™', pp 25.8 pb™' (5.02 TeV) | 6 PbPb 351/464 ub™', pp 25.8 pb™ (5.02 TeV)
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® Y(2S) is more suppressed than Y(1S)
® Stronger suppression in more central collisions
e (Consistent with unity at peripheral 70-100 %
e Hydrodynamic model (Krouppa, Strickland) describes data
® Y(3S) is strongly suppressed in all centralities CMS-PAS-HIN-16-008
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Nonprompt J/y Rppb VS. PT

EPJC 77 (2017) 269

pr 34. 6 nb pp 28.0 pb™” (5.02 TeV)
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e RpPb ~ 1in all ycm bins analyzed
® Possible enhancement at backward and low pt (5 7.5 GeV/c)

May 18th 2017 Songkyo Lee, LHCP 2017 45



Nonprompt J/y Rppb VS. PT

. EPJC 77 (2017) 269
Lower pT Higher pt
6 pPb 34.6 nb™, pp 28.0 pb™' (5.02 TeV) 6 pPb 34.6 nb™, pp 28.0 pb™ (5.02 TeV)
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® | ower pt: possible decrease of Rypp at forward
® Higher pr: Rppp is consistent with unity
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Nonprompt J/y Rppb VS. PT

EPJC 77 (2017) 269
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e Rz seems to increase slightly with p;in all y bins
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Nonprompt J/¢ Rppp: CMS vs. ATLAS

EPJC 77 (2017) 269

pPb 34.6 nb™', pp 28.0 pb™ (5.02 TeV) pPb 34.6 nb™', pp 28.0 pb™ (5.02 TeV)
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® CMS results are integrated over |ycul < 1.5

e ATLAS using interpolated pp reference
® Two results are in agreement
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Nonprompt J/¢ vs. B mesons

EPJC 77 (2017) 269

) pPb 34.6 nb™', pp 28.0 pb™ (5.02 TeV) 5 pPb 34.6 nb™', pp 28.0 pb™ (5.02 TeV)
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e Nonprompt J/Y results are integrated over |ycu| < 1.93
® B meson using FONLL calculation as a reference
® Two results are in agreement

May 18th 2017 Songkyo Lee, LHCP 2017 49



Nonprompt J/¢ Raa vs. centrality, pr, lyl

EJPC 77 (2017) 252
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® Stronger suppression in more central collisions
e No significant rapidity or pt dependence
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