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Quarkonia Suppression in Hot Medium

* One of striking signatures for Quark-Gluon-Plasma (QGP) formation

« Sequential melting : different binding energies - bound states are melt
sequentially in hot medium

E CF PTTTTT - LA B N L I L B LB B L B BB
S : ‘ W (0.59 fm) .
- @ _

506 F &
0.5 [ W (0.56 fm) E
0.4 7 DgSeength from lattice QCO E
0.3 o / W(0.29 fm) _
0.2 \ _
T 0.13 ) ]

0.1 1

0

1 4.
u;c

Sequential melting 2 a QGP thermometer

H. Satz, NPA 783 (2007) 249c.
2013 Heavy Flavor Measurements at RHIC and LHC (W. Xie)

* Quenched heavy quarks (energy loss): A.Rothkopf, PRL 108(2012) 162001
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Quarkonia Suppression in Hot Medium

Binding energy [GeV]

CMS-PAS-HIN-12-014
PRL 109 (2012) 222301

D ©
Observed

r N c » Significant suppression of J/y and Y (1S, 2S, 395)
s L at PbPb collisions

Expected hierarchy in the suppression of the

states with different binding energy
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Quarkonia Study at CMS

Today focus

In PbPb collisions :
Suppression of J/y again but dependence on new variable :

D
c?

In pPb collisions :
The pure suppression of quarkonia from the QGP : distinguish Cold Nuclear
Matter (CNM) effect from QGP
Y (1S, 2S, 3S) : published at JHEP (JHEP 04 (2014) 103)
J/p : ongoing (KU group)

i Dong Ho Moon HIM Winter 2014, Pusan
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CMS detector

Inner Tracker
(Silicon Strip & Pixel)

Magnetic Field : 3.8 T

Hadron Forward
’ Calorimeter (HF)

Muon Chamber
(DT, RPC)

L

/

Muon Chamber

T e

(CSC, RPC)
HCAL Inl< 5.2
ECAL Inl< 3.0
Tracker Ini< 2.5
CMS, | _ ’_
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Muon Reconstruction in CMS

| 1 |
Oom m 2m im 4m

Key:

Muon

Electron

Charged Hadron (e.g. Pion)

-~ = — - Neutral Hadron (e.g. Neutron)
""" Photon

.....
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Tracker S e
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, Electromagnetic 1] E:
! ’ Calorimeter }
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Hadron Superconducting <

Calorimeter Solenoid 5

Iron return yoke interspersed §

with Muon chambers

M R A fi « J/yin PbPDb : reconstructed by global muon
uon rReconstructig. v in pPb : reconstructed by tracker muon
Muon tracks in muon chamber (or segments) + tracks In inner tracker

Excellent momentum resolution of tracking system.
v Overall resolution: 1~2 %

Transverse slice
through CMS
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I Quarkonia Acceptance I

30

* ALICE: acceptance for pr > 0

p. (GeV/c)

T

» midrapidity: no absorber and low
magnetic field

» forward rapidity: longitudinal boost

e ATLAS and CMS: Muons need to

overcome strong magnetic field and
energy loss in the absorber

ATLAS + CMS

» minimum total momentum
p~3-5 GeV/c to reach the muon

stations
» Limits J /4 acceptance:

* mid-rapidity: pr > 6.5 GeV/c
 forward rapidity: pr > 3 GeV/c
ATLAS + CMS ALICE * (values for CMS, but similar for ATLAS)

» Y acceptance:
/ e pr> 0 GeV/c for all rapidity
ALICE

e Complementary acceptances

p. (GeV/c)
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Charmonium Measurements in PbPb
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What is azimuthal anisotropy (v,) ?
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NPE v, at RHIC and prediction of J/y v, at LHC

NPE (Non Photonic Electron) v, Prediction of elliptic flow of J/y
L ‘ \ ‘ \ \ ‘ \ ‘ \
03 T rrrrprrrrprre T 10 T
Eoom NPE V2{2} 200 GeV 0- 60% MB STAR Pre“mmary 7 Py L LHC
0.25E % NPEv,{2}200 GeV 0-60% HT 3 X ol h
E o NPEV,{4}200 GeV 0-60% MB ; ! LHC(0.2x Regen.) |
0'2;_ % NPE v,{EP}200 GeV 0-60% E < ]
0.15F £ % . 2 6 -
N F 'i E — B
01 g PR % i E o AL ]
0.05 ¢ g % ; = =3 4
0= ; w o . .
-0'055— arXiv:1210.5199 SHEAR 0 : RHICSPS — 4
g P D DR DT P B Nucl.Phys.A834 (2010) 317c |
0 1 2 3 4 5 6 7 8 ! | ! | ! | ! | ! |
p_ (GeV/c) 0 2 4 6 8 10
P, (GeV/c)
NPE has significant elliptic flow (v,). Significant elliptic flow (v,) may be
It should be inherited to quarkonia, expected at LHC energy
which indicates the existence due to the significant
non-zero v, of quarkonia contribution of regenerated J/y
eS| | 5
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J/p Azimuthal Anisotropy at RHIC and LHC

« STAR and ALICE measured inclusive J/y v, Phys. Rev. Lett. 111,
102301 (2013)
> - Au+Au 200 GeV = = 0'3: ® ALICE (Pb-Pbys, = 2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0
0.2 STAR [ — Y.Liuetal, b thermalized ALICE
E I'_,- 0 2-_ ------ ¥. Liu et al., b not tharme_ilizad
01:_ # o .’_,-’ | — + X.Zhao et al., b thermalized B
of—= ; i
0.1F +
'0.23_ .................................
C eV, 0-10 % non-flow 0-10 %
-0.3:_ mv,10-40% e non-flow 10-40 % -
E A v, 40-80 o, - non-flow 40-80 % -0.1_— global syst. =+ 1.4%
-0.41‘. AT SR [N R SN N T Y SO TN T SR SR SR S T S Eov oo b b b Voo Loy bye o P o by a i Loy
0 2 4 6 8 10 0 1 2 3 4 5 6 7 8 9 10
Phys. Rev. Lett. 111, P, (GeVic) p; (GeVic)
052301 (2013)
ALICE observed non-zero
STAR measured compatible zero V, In 2 - 4 GeV/c region.
v, from 2 GeV/c in whole p; region. Data covers both of

b-contribution models.
CMS challenge:

1) Prompt and non-prompt J/y separation
2) Extend high p;region

CMS !
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Prompt & Non-prompt J/p Separation

Charm Beauty

* Reconstruct opposite sign muon vertex
e 2-D unbinned maximum likelihood fit of
dimuon mass and pseudo-proper decay

length (1,,)

L

IJ+
My Jhy 'y
Ly = Loy—10 B
PT L,y ~-
CMS-PAS-HIN-12-014
S|
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J/p Azimuthal Anisotropy in CMS

- CMS Preliminary Cent. 10 - 60 % é
- PDbPb ys,, =2.76 TeV
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« Event plane method

* Integrated v, for Prompt J/y (p; > 6.5 GeV/c)
w= 0.054 = 0.013 (stat.) == 0.006 (syst.) in |y| < 2.4, 10-60 %
= significant (3.80) v, at high-p; prompt J/y

CMs,!
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J/p Azimuthal Anisotropy in CMS
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* No strong dependences of centrality, p+, rapidity
* Low p; (3-6.5 GeV/c) measured in forward (1.6<|y|<2.4)
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J/p Azimuthal Anisotropy in CMS

e Systematic uncertainty

Table 1: Relative systematic uncertainty ranges on the prompt J/4 v, measured in PbPb colli-
sions at 2.76 TeV.

Relative systematic uncertainties variations (%)

Yield extraction 1—20
Efficiency corrections 0—42
Event plane 3.5
Total 12 — 46
cms. | | 5
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J/p Azimuthal Anisotropy Comparison

0.05
No significant dependence of p;

O.25_III|III|III|III|III|III|III|III|III|III_
- PbPb \/ST\JN =2.76 TeV CMS Preliminary . CMS-PAS-HIN-12-001
[ L, =150mb™ 1 | Phys. Rev. Lett. 111, 052301 (2013)
0.2 = Prompt Jy — | Phys. Rev. Lett. 111, 162301 (2013)
- ly|<2.4, 6.5<pT<30 GeVic
i -@ Prompt J/y ]
- M 1.6<|y|<2.4, 3<p_<30 GeV/c
0.151 T —
- [ ALICE Inclusive J/y, 20-60%-
B zoydpslocevie 1 Extended available measurement up
N = B STAR Inclusive Jly, 10-40% . .
= o.1_—l H ‘ yverop<woceve | tO high py region (6.5 — 30 GeV/c)
L 1 and observed non-zero v,

— —
7]
LAar ]
_._
I S—
 E I\ !
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| I |
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J/p Azimuthal Anisotropy Comparison

O.45_I T | T T | T TT | T TT | T TT | T T | T T | T TT | T TT | T T
- PbPb M =2.76 TeV CMS Preliminary - CMS-PAS-HIN-12-001
048 L =150mb* o E Rev. Lett. 109 (2012) 022301
u ] Phys. Rev. Lett. 111 102301 (2013)
0.35 |h|<0.8 —
C & Prompt J/y ]
0.3 lyl< 2.4, 6.5<p_<30 GeVlc —
- @ Prompt Jly .
0-25F LEI<2.4, 35p, <30 GeVic Comparison to charged hadrons
N - [OJALICE Prompt D, 30-50%
> 0.2F VI<0.8, 2<p <16 GeVic ] and D mesons
C 1) 2
0.15F © =
N o ° . 1 1) lowpy |
Teo #. o L 1 light quark = c+light quark > c+c quark
o.oszf + + +O * |
; Cent. 10 - 60 % ; 2) hlgh pT .
_O 05:I L1 | L1 1 | 11 | 11 | 11 | L1 1 | [ | 11 | 11 | L1 I_ Ilght quark ~ C+|Ight quark = C+C quark
0 2 4 6 8 10 12 14 16 18 20
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Bottomonium Measurements in pPb
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(c) CERN. Al rights resened.
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Dimuon spectrum in 2013 pPb

o T v Ty T T T T T T
§ N JAy CMS Preliminary 2013
o 10° P, ® ¢ pPb \'s,, =5 TeV

O -

= P (29) L = 35 nb-L
"5104 Y(1,2,3S)

0

—_ —
o o
({8 [

—_
o

IIIlI| III[IIIJ| IIJIIIII| IIIIIII[| IIIIIIlI| IIIIIIII| | 11

Vs 42.7 - 51] 9 10°
pp Vs 42.76 TeV :5.4p m. (GeWcE)
Bhis | ~20 times larger than 2010 (231 nb) Pt
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pPPb Collisions at 2013

CMS?g
}

PPb collisions: the bridge between pp and PbPb collisions, to
understand CNM effect from QGP.

pPPb asymmetric collisions (~0.47 rapidity boost)

— analysis window |yl < 1.93

Centrality dependence

Ref. system

Pb+p |

LAB

Collision (CM)

— Not easy to determine centrality in pPb collisions

r (b CMS PbPb \s,, =2.76 TeV jl 10° .

i E 70F
2 i ] -
< 1eop b St
© - P P . .4 8 C
X i e ol 2 o 50F
o =102 =Y
S i s A "
® 10000 — o ~ = 40,
> L =4

W 30k

3 oo
‘5 5000 21 204
H* i o]

T T

0O 50 100

Sum HF energy (TeV)
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pPPb Collisions at 2013

« pPDb collisions: the bridge between pp and PbPb collisions, to
understand CNM effect from QGP.

« pPb asymmetric collisions (~0.47 rapidity boost)
— analysis window |yl < 1.93 |

Ref. system
LAB
Collision (CM)

« Binning in 2 event-activity variables:
— Corrected Ny (In] < 2.4, pr > 400 MeV/c)
— Raw transverse energy measured in HF, E; (|n| > 4.0)

[-5.2, 4]. [-1.9,1.9] l [4,5.2]

N

[-2.4, 2.4]

tracks

CMs,!
i Dong Ho Moon HIM Winter 2014, Pusan 21
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Invariant Mass Distributions

« Signal extractions

&, 800 : o :
S F o193 CMS pp s =276 TeV S1400 0 CMS pPb sy, = 5.02 TeV
8 - |1]CM| <1. | 7S i |1]CM| <1.93 .
o 700F p'>4GeVic L =5.4 pb o [ pi>4Geve L =31nb
= : 212001~
o | o -
— 600f -
(]
£ soof %1000—
TR TR
- ¢ data 800} ¢ data
4001 — total fit . C — total fit ]
- 1Y background 3 . F ¢ background
n 9 ] 600 g _
300F
200f 4001
100 200

* Un-binned maximum log likelihood fit
> Signal : 3 Crystal-Ball function (Gaussian with low-side tail with power-law)
> Background : error function * exponential (all background parameters free)

JHEP 04 (2014) 103

S| 6285
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Double Ratio

pp

~ CMS pPb |5y, = 5.02 TeV CMS PbPb |, = 2.76 TeV

B 1.4 -
= L @y <193, L=31nb" P ly,l<24 L=150 pb!'
= i ¥ 95% upper limit ]
UC‘T1_2_ PRL 109 (2012) 222301
= [ i
= p$>4GeWc -

*Pb
e

20.8:— # + g
io.s:— .
0.4f- Y (nS
02:_ %:' k [jr((ls))]p _ R,pp(T(nS))
: T S Ber@09)
0 T(2S)/7(1S) T(35)/1(1S)

« pPb vs PbPb: stronger final state effects in PbPb compared to pPb
* pPb vs pp: indication (significance < 30) of additional effects on the
excited states in pPb

JHEP 04 (2014) 103

¢ 9y
3 °
3

CMS ! %
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Y(nS)/Y(1S) vs E; (In| > 4)

a“ 05:l LI | LI | LI | LI | [ I LI I LI | LILILL |:
50_45:_ CMS pp Vs =2.76 TeV CMS pPb \s,,, =5.02 TeV = .5, 2 4] (-1 9 19] [4 5 2]
0 E O Y(28)/Y(19) ® T(23)/Y(1S) .
= 04p T(3S)/T(1S) " Y(3S)/Y(19) = N
0.351 - tracks
03f Vol <193 3 [-2.4,2.4]
oot $ y :
0.2f- ‘ L
0.153— —f
F o0 ]
0.1 —
- 0 = ' ] T(TLS)
0.05[ . = T(19)
U_I 111 I | I .| | 111 | 111 | L1110 I L Uil I | I 1111 |: pp pr
0 5 10 15 20 25 30 35 40
EN* [GeV]

 Weak dependence of excited to the ground state ratio with respect to
the Eq(In>4)

JHEP 04 (2014) 103
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Y(nS)/Y(LS) VS Nyagis (INl < 2.4)

E“ 05 - LI | [ | LI I LI | [ | LI I LI | L - Y
._;”f 0.45F. CMSpp Vs =276 TeV  CMSpPb sy = 5.02 TeV E 1919
@ F orEs)ris) ® T (2S)/Y(1S) .
= 04 © y@Esyris) ® T(3S)/Y(1S) E N
0.35F N tracks
03f WL + ly gy < 1-93 E [-2.4, 2.4]
0.250 %,+ E
C ¢ _
0.2F % + =
0.15F =
0.1 + 7 £
- ' . E [T(nS )
0.05F T C—
: - T 15
0: 11 | L1 1 | 11 I | - | L1 1 I L1 I 11 | L1 : ( ) pp’ppb
0 20 40 60 80 100 120 140
Nh‘[|-:2.4

tracks

« Significant decrease of Y(nS)/Y(1S) with increasing multiplicity, in pPb
and pp
» Possible ways to produce this dependence
- Y would affect the multiplicity or Multiplicity would affect the Y

JHEP 04 (2014) 103
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CMS !

Y(2S)/Y(1S) compare PbPb

a 05_ I I IIIIII| I I IIIIIII I 1 IIIIII| | a 0-5_||||| ! I ||||||| I I ||||||| -
E 0 452_ PP\ = 276 TeV  pPb \s, =5.02 TeV PbPb |s,,, = 2.76 TeV] ;E' 0 452_ PP \syy =276 TeV  pPb \s,, =5.02TeV PbPb s, = 2.76 TeV]
"ﬁ“ " F Oy, <193 ® |y, <193 Y Iyl <24 ] ﬁ* g O ly,, <1.93 ® |y <193 D Iyl <24
= 0.4:— = 0.4:—
0.3F Y(1S) 0.3F + Y(1S)
0.251~ Jf @* J‘:+ 0.25F %+
- ®

02k .

|
e

0.05F

0.25— % . o

% % %ﬁ

O:IIIII 1 IIIIIIII 1 IIIIIIII 1 [

0: ol Ll Ll

2 3 2 3
1 o, 10 10 10 10 Er 10
ET [GE‘:V] tracks

PbPb : no significant dependence on E{(|n|>4) and N,,...., but large
uncertainties

PbPb points are below all the pPb data but large uncertainties to tell if
already in most central pPb the level of suppression is the same as in
PbPb peripheral JHEP 04 (2014) 103
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i (1S)/4j (1S)i

CMS?g

Self-normalized Yields: Y(nS)/<Y(nS)>

; ® pPb s, =5.02 Tev

" % PbPb S =276 Tev
- | CM“i <24

- Oppls= 276TeV

CMS

|y |<193 i
'ﬁ“\\\\‘HH‘\H\‘HH‘\H\‘HH‘\H\}H:

0 2 25

IhI>4 IhI>4

13

Y(nS)/<Y(nS)>: in the line at the whole E;(|n|>4)

Dong Ho Moon
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Self-normalized Yields: Y(nS)/<Y(nS)>

" e pPb |/s,, = 5.02 TeV
- * PbPb )/s L =2.76 TeV
s Iy, <24

i i (15)

i (1S)/4i (1S)i

7= 0 pp (s =2.76 TeV

|h|<2 4, hi<2.4,
tracks l4 N[ra(‘kg

* Y(nS)/KY(nS)> vs N

Faj (1S)i

C O] e .
3E e %

F . CMs

Eo " ly |<1.93
bt L
6 05 1 15 2 25 3 35 4

i (2S)/4i (2S)i

- ® pPb |s,, =5.02 TeV

T ‘\\\\\\\\\\\\\\\7
p\F 276TeV -

L1 L1l L1 L1 L1l L1l L1
0.5 1 l 5 2 2 5 3 35 4
N4 <2 4
tracks/ Ntrackq

tracks

i (39)/4i (3S)i

FroT ‘\\\\\\
7 pp\F 276TeV

- * pPb |s, =5.02 TeV

4 i) i ........
E 3j (3S)n %
SN ..
L - +

__% i CMS
R ly_|<193

j ;, V’x
- L

0 05 1 1%2;/”%[@43 35 4

tracks tracks

— Less consistent behavior (related to the Y(nS)/Y(1S) variations)
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i (1S)/4i (1S)i

CMS !

Self-normalized Yields: Y(nS)/<Y(nS)>

© + PbPb Sy =276 TeV
s Iy, <24

:\ TTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT TT
7= O pp s=2.76 TeV
[ @ PPb \s,, =5.02 Tev

R
©3i (L)
3; O .‘ R
: R
2~ P R
r I CMS E
A el <193
Oiﬂﬁ.‘\o\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\\
0 05 1 15 2 25 3 35 4
hi<2.4,, hi<2.4,
Ntracks / aNnackS n

Y(nS)/<Y(nS)> vs N

Dong Ho Moon

i (2S)/4i (2S)i

7\\\\‘\\\\‘\\\\‘\\\\‘\\\\
~  pp Vs=276TeV

65 B pPb |'s,, =5.02 TeV

Ciesy
C 4 (2S) \
E | *
- el cMs
" ]
coe Yoyl <1.93
7"-\--!‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\\
0 05 1 15 2 25 3 35 4
hi<2.4,,\ hi<2.4;
Ntracks / aNnackS n

tracks
— Less consistent behavior (related to the Y(nS)/Y(1S) variations)

HIM Winter 2014, Pusan

PLB 712 (2012) 165

| ALICE pp Vs =7 TeV

B Jy—uui25<y<4)
® Jhy —e'e (lyl <0.9)

Normalization uncert.: 1.5%
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i (1S)/4i (1S)i

CMS !

Self-normalized Yields: Y(nS)/<Y(nS)>

— O pp s=2.76 TeV
- ® pPb |/s, =5.02 TeV

© + PbPb Sy =276 TeV
a Iy, <24

-i@1s) o ~
- 8 (15 0 e 7%
~ ey

*_..-‘
F . CMS
r ..-‘i‘z“-‘ lycvvll <133
7"%".‘@\\\‘\\\\‘\\\\‘\\ ‘\\\‘\\\\‘\\\\l\\

L1l
5 2 25 3 35 4
h|<2.4,,, |hl<2.4,
N2 i<2 4

tracks tracks

Y(nS)/<Y(nS)> vs N

g 7 ‘pp \é: 2‘.76 'HeV |

f%j 67 B pPb \s,, =5.02 TeV

¢ 1 |
50
4 i(28) ‘ .
- 4j (29)i | o
3C \ *
2
e .. E/MT< 103
co cM ) ]
ol M L b L b 1
0 05 1 15 2 25 3 35 4

NN
tracks

PLB 712 (2012) 165

10T ALICE pp =7 TeV
B Jy e (25<y<4)
® Jhy—=e'e (lyl <0.9)
Mormalization uncert.: 1.5% _
ST (]
L)
m
e
'J . L l l L 1
0 2 4
dN, /chn
(dN_ /)

— Less consistent behavior (related to the Y(nS)/Y(1S) variations)

— Multi parton interaction : should be same in 1S, 2S and 3S but even pp with

high multiplicity shows differences

Dong Ho Moon
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» Observed non-zero v, of prompt J/y and even in high p-

reg|0n (> 6-5 GeV/C) O'ZS‘PbeF ‘276‘TV‘CMSPreI|m=n‘a‘r‘y‘“H‘:
= Find proper fit setting in low p; and forward region  ~ e

= First time to measure v, of non-prompt J/y N
N 0.1? ‘ # WI<LO.p.< I ]
' E J
GE Cent. Z:.O 6‘0 /L~» b
00555 6 z Glgv/tz 14 16 18 20

= Y results in pPb would give us some indications of initial

state effect on the suppression in PbPb B e ]

Soff ® "B
io.a:— ]
0.4; ]
P S |
of Y (2S)/1(1S) Y(3S)/T(1S)
cMs. /| , 9 ppp®
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Back up
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ALICE Multiplicity dependence

J/W:PLB712{2012)A 650
Charm:@reliminaryf

_~ T T I T T T T I T T T T | T
l_ f— —
Q 14 DD F 7TeV -
E r — ¢ D"meson, lyl<0.5, 2<p <4 GeVic
o ~ ALICE --— w D meson, lyl<0.5, 2-:pT¢:4 GeVie -
S 12 mawser | B meson, lyl<0.5, 2<p,<4 GeVic
= - +7%4/-3% normalization unc. not shown ]
T 10 .
"“: - ¢ Jy—e'e, lyl<09, p::-ﬂ A ]
—_— - Jhy — pt, 254:.'y-=:4ﬂp —
Q_l_ 8__ ?ﬂmrmalmﬂnn unc. not shown T>O ]
S 1
T 6 I ~
a - — .
= C ¥ 3
] 4— —
= C ]
2 @ =
C B 7
S A IR IR I S S R
€ 045 Biraction hypothesis: x 12 (2) at low (high) multiplicity E
c 025 3
g of
® ook
? E
2 -
@ 4
dN,/dn / (dN_/chn)
CMS, | _ ’_
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R.A VS binding energy

é 1 _4 [ T T T | T T T | T T T | T T T | T T T | T T T ]
o [ CMS Preliminary 0-100%
1210 PbPby[s,, = 2.76 TeV 7
1_ i
[ » Inclusive y(28) (6.5 < P, < 30 GeV/c, |y| < 1.6) ]
0.8 [ ¥ TY(3S)(lyl <2.4), 95% upper limit ]
T4 Y(28)(lyl <24) .
| m promptJiy (6.5 < p, < 30 GeVic, ly| < 2.4) ]
08" x (1) (Iy <2.9) 7
0_4‘_ Y(1S5) ]
i i Jy ]
0.2 Cw(2S) Y (2S) 7]
L& Y (3S) i
O_ 1 1 1 I 1 1 1 | 1 1 | | 1 1 1 | 1 1 1 | 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2

Binding energy [GeV]

state Jb | xe | | T | xe | Y xp | Y7
mass [GeV] | 3.10 | 3.53 | 3.68 | 9.46 | 9.99 | 10.02 | 10.26 | 10.36
AFE [GeV] [0.64 | 0.20 | 0.05 | 1.10 | 0.67 | 0.54 | 0.31 | 0.20
AM [GeV] | 0.02 | -0.03 | 0.03 | 0.06 | -0.06 | -0.06 | -0.08 | -0.07

ro [fm] 050 0.72 {090 | 028 | 044 | 056 | 0.68 | 0.78

BLLICEROBLL B URS eL OBy (s //twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN12014

CMs, | S
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Results from PbPb Collisions

Double Ratio Rana
'—& _I T | LI | L | LI | UL | LU | LI ‘ LI I_ g _I rr | Pt | rrrt | rrrd | PrrT | rrrT | rrrt | L I_
@ 14 CMS Preliminary, PbPb\s = 2.76 TeV w14~ CMSPbPb \s\=276TeV -
- 1 ]
z [ —- stat. unc. L, =150 ub" ] g - Y(1S), stat.unc. | =150 ub i
» 12 n 1.2 Y(1S), syst. unc. lyl < 2.4 —
a el mam syst. unc. lyl <2.4 ] - —+ Y(29), stat. unc. 8 . 1
é pp unc. p: > 4 GeV/c ] i CIY(@S), syst. unc.  P; >4 GeVic -
e 1 ] i i
:ﬁ i . B 30-40% L
?, 0.8~ = 08~ 40-50% 20-30% =]
§.. - a0-00% 0 . | 50-100% ]
(9] - % . 06 + 10-20% ]
N 06 30-40% - L 510% 0-5%
S R 0-5% - o .
0.4 + 10-20%  5-10% ] 0.4:— + +—:
[ . ’ [ &] ’
02f + . 02 qﬂ #3_‘
n:l L1 | L1 | e I L 11 | L1 | V11 I |1 | ‘ L1 I: %_I 111 | 1111 | 1111 | L1 1| I L1 1 1 |$I 11 | 11 1 | 111 I_

150 200 250 300 350 400 50 100 150 200 250 300 350 400

Npa".t Npart

CMS HIN-11-011  [°
PRL 109 (2012) 222301

R,4(Y(18)) = 0.56 = 0.08(stat) * 0.07(syst),
Y(28)/Y(18 44
@)/ XU Npwr _ 5 o 0.07(stat) = 0.02(syst),

Y(28)/Y(18)|,, R44(Y(25)) = 0.12 = 0.04(stat) = 0.02(syst},

Y385/ Y15 pops R, (Y(35)) = 0.03 = 0.04(stat) = 0.01(syst}
— 0.06 * 0.06(stat) * 0.06

YGS)/Y(S),, (suat) = 0.06(syst) < 0.10(95%CL).

< 0.17(95%CL).

Y(2S) and Y(3S) are more
suppressed than Y(1S) Ordering: R A(Y(3S)) < Rua(Y(29)) <
— Raa(Y(1S))
é Dong Ho Moon HIM Winter 2014, Pusan 35

Y(3S) are more suppressed than Y(2S).
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p. (GeV/c)

CMS /1

Muon Pair Acceptance

30: éMS Slmutatlon R O et
- - PYTHIA + EvtGen + PHOTOS
25/ pp \'S = 2.76_:Tev :
Prompf J/w < E

20

IFIT]TTTI
|

Dong Ho Moon
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Acceptance

LA AL R R B R RS
0.8-CMS Simulation =
PYTHIA + EviGen + PHOTOS :
0.7tpp Vs = 2.76 TeV . |E—
lyl < 2.4 .|.+"+ i
0.6 E
L o ¥
0.5 . ot S
.l + .
_‘ =
= L .
0.4 . *‘q. E
oaf* . -
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a [ T T | LI | LI | LI | [ I LI I LI | LILILL I_
= 0.45F. CMSpp s=276TeV  CMSpPb s, =5.02TeV 3
3:‘:‘ E O Y(28)1(19) ® T(2S)/T(19) ;
= 04p T(3S)/T(1S) " Y(3S)/Y(19) =
0.351 -
0.3F- Iy, <1:93 E
0.25F % $ %»\ + -

- ¢ + .

0.2 -
0.15F -
-y B -

0.1 | "

- - © 3

0.05F- ' =

0 :l 111 I | I .| | 111 | 111 | L1110 I L Uil I | I 1111 |:

0 5 10 15 20 25 30 35 40

EN* [GeV]

0.5

<
~
[#)]

Y(nS)/Y(1S)
-

0.35

0.3

0.25

0.2

0.15

0.1

0.05

CMS

*

,QFL

PP | Sy = 2.76 TeV
o L=54pb’
[yl < 1-93
pPb \'s, = 5.02 TeV
e L-31nb"

Yoy < 1.93

PbPb \s,,, = 2.76 TeV
Y L=150 pb’
|)I'CM| <2.4 o
¥ 95% upper limit

¥
T

1

Y(2S)/Y(1S)

Y(3S)/T(1S)

 Weak dependence of excited to the ground state ratio with respect to
the Eq(In>4)

CMS !

Dong Ho Moon
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J/p Azimuthal Anisotropy in CMS

« STAR and ALICE measured inclusive J/y’s v, Phys. Rev. Lett. 111,
102301 (2013)
o n o~ 0.3
> - Au+Au 200 GeV - > - @ ALICE (Pb-Pb |5, = 2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0
02:_ ' STAR | —— Y. Liu etal., b thermalized
» BT Y. Liu et al., b not thermalized
0.1F 0-2_'— © X. Zhao et al., b thermalized
OF
-0.1f
'0.2:_ .................................
- e v, 0-10% non-flow 0-10 %
03 mv,1040% o non-flow 10-40 % i
F A v,40-80 % ce—=- non-flow 40-80 % 0.1 global syst. =+ 1.4%
'0.4-’_| I M i I | I i I | i I i | i I I SETRI RN ENETE FNENE PRI TR TN NN RN LTl IR AR
0 2 4 6 8 10 o 1 2 3 4 5 6 7 8 9 10
GeV/c
Phys. Rev. Lett. 111, P, (GeVic) P ( )

052301 (2013)

CMS !

STAR measured compatible zero v, from 2 GeV/c in whole p; region
ALICE observed non-zero v, in 2 - 4 GeV/c region

Possible scenarios : regeneration of J/y or path-length dependence of Ve
suppression (less suppressed in-plane than out-plane)

Prompt and non-prompt J/y separation is important: charmonium vs open bottom

).
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e Observed Jhy is a mixture of direct production+feeddown (R. Vogt: Phys. Rep. 310,
197 (1999)).

— All Jy ~ 0.6J/y(Direct) + ~0.3 y, + ~0.1y’
— B meson feed down.
 Important to disentangle different component

* Suppression and enhancement in the “cold” nuclear medium

— Nuclear Absorption, Gluon shadowing, initial state energy loss, Cronin
effect and gluon saturation (CGC)

— Study p+A collisions 0~ 0Q

« Hot/dense medium effect J/\|1 50 ‘ ®
— Jhy, Y dissociation, i.e. suppression O O Q O % ©
L On FO0ns O
— Recombination, i.e. enhancement OQOO O@\
— Study different species, e.g. J/psi, Y © 0O D
— Study at different energy, i.e. RHIC, LHC +
cms/ . 40 S
! Dong Ho Moon HIM Winter 2014, Pusan '.A




e Charmonium in PbPb

— Prompt J/y integrated v, (10-60%, |y| < 2.4 and 6.5 < p; < 30 GeV/c)
* 0.054 £+ 0.013 (stat.) &= 0.006 (syst.) (3.80)

« Bottomonia in pp & pPb

— Double ratios [Y(nS)/Y(1S)],p,/[Y (nS)/Y(1S)],,
« Higher than in PbPb: stronger final state effects in PbPb than in pPb
» Hint to the presence of additional effects (like CNM) in pPb than in pp
— Y(nS)/Y(1S): decrease with increase of particle multiplicity in both pp and pPb
« Reflect an influence of the ‘medium’ on the Y
» Reflect a different multiplicity associated with the Y states production

— Y(nS)/<Y(nS)>: increase with increasing event activity in pp, pPb and PbPb

CMS, |
i Dong Ho Moon HIM Winter 2014, Pusan 41
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<N.,;> from different methods agree well

Defining centrality from different methods:

2

g

5 HF E; Inl > 4 (GeV)
8 8

.-

r FPb SHI EUZTE?

NG

H500 " 150 200

r ®

15000
10000 —

5000

# of 1st layer pixel hits

—
CMS PbPb \[s,, = 2.76 TeV

70
60 s
3 8
< 20 <
Ao A
£E =
= -
Wi 3 w
= I
p 205 =

J 1
e CMS F'reimnaly

. LR, ..‘ﬁﬁﬁ S
N:L‘"E M:f"“ 15I] EDG

nd 2HF E; | n|>4 means selecting very

;. 0-10% in the plots), but <N__,> are the same

sy
=

L ] col
of centrality determination are about how to
_102
11 real data (which n range to use?) for an
1 1,, '0ssible biases
L S,
- % IS2013, Sep 10, llla Da Toxa, Spain 17 g@g
0 ‘ 5I0 —\ A1(50A — 1 T
Sum HF energy (TeV) i _%«'r"_?
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Systematics

CMS !

Table 1: Relative systematic uncertainty ranges on the prompt J/4 v, measured in PbPb colli-
sions at 2.76 TeV.

Relative systematic uncertainties variations (%)

Yield extraction 1-20
Efficiency corrections 0—42
Event plane 3.5

Total 12 — 46

A -
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l + How do we quantify medium effects ? I

A
m N, : number of nucleons which

undergo at least one collision Npar¢ (participants) Ih : impact

parameter

m N_,;: number of n+n collisions B
taking place in A+B collision
cpr s I/N, d’N?Idyd
m Modification nuclear factor R,, =—""—; YoPr
<T,; >do,, /dydp,
quantifies the effect of the medium on a particle production

m To compare measured PbPb yields to theoretical pp cross sections, we
need T,; : nuclear overlap function B

m In absence of medium effects
m R, = 1 for perturbative probes
m T,;is proportional to N_;,
m 30-100% :Tzz = 1.45 £ 0.18 mb'!
m 10-30% :Ty5 =16.6 £ 0.7 mb!

A Tu®=[SLET,EG-3)
m 0-10% : Ty = 23.2 £ 1.0 mb! T

Lamia, B. “Observation of Z Boson Production in Heavy lon Collisions at CMS”

CMS . : :
Dong Ho ioen Moriond QCD and High Energy Interactions, 2011




CMS

4

Jy v, at ALICE

N__; |:. Pb-Pb ﬁ = 2.76 TeV, centrality 20% - 40%, 2.5 < y <4.0,2.0< P, <4.0GeV/c
2000
g :_“0 e  Opposite sign pairs
% _ 'a‘ Fit total
— 15001~ . — - Fitsignal
% B Fit background
= B
3 1000
'S) B
500
- (a) A 10
C 0000000000000
= 01F B
o~ Y e  Opposite sign pairs
=t Fit total v,(m,
]
£ 005 —+++ ++
N B
2} C 4—
8 Of- I
e : " (b.) " M 1 ' " N N 1 " ' L N 1 " ' ' " 1 " n L
2 25 3 35 4 4 5

Fig. 1: (color online) Invariant mass distribution (a) and (cos2(¢ —'¥)) as a function of m,, (b) of OS dimuons

m,, (GeV/cz)

with 2 < pt <4 GeV/c and 2.5 < y < 4 in semi-central (20%-40%) Pb-Pb collisions.

Dong Ho Moon
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Single Muon Acceptance

- Barrel Mupy Station 4 [NIE 4

+ Acceptance definition: 1-°
Range of p; and eta of 1
reconstructable muon 0.5

ClMS|SirquIat|ion ‘
95 2 15 1 05 0 05 1 15 2 25
M

(RecoMu/GenMu > 10%)

n*| < 1.0 = p& > 3.4 GeV/c
1.0<|n*| < 1.6 = pt > 58—2.4 x |n*| GeV/c
1.6 < |n#| < 2.4 — p& > 3.3667 — 7/9 x |n*| GeV/c
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CMS !

Reconstruction Efficiency

2,

—

..I'é'\. E I TTTT T T T I T T T I T T T I T T T I T T TT E E‘l : T | I 0 T 1 I T 1T & 1 I T 1T 01 1 I T I T 1 I T T T 1 :
E L CMS Simulation . S osk PYTHIA+EviGen+HYDJET 3
& [% \Js =276 TeV ] S b Cento-100% ¢ T(18) ;
=) o 0.8 =
<10 %, PYTHIA + EviGen: B — Jiy “TE wi<2a = Prompt i .
[y C ot 3 nl _ A
E C ""’-':-...,_:’ O pp reconstruction ] D'?E * Non-prompt Jiy ]
0 - 'n" * Hl reconstruction - U-E';— ) ¢ s & ';
10°F * - A 8 L .
S A E 0.55" ’ E
[ ¢ ] 0.4F E
- * ;-:.r_ ' 7] E_ - * * * + _E
10 . B % * 5
; H,\L % 02f CMS Simulation =
[ %m {, 'ﬁ% 0.1E PbPb \[s,,,, = 2.76 TeV 3
I 1 1 01 | 1 1 11 I 1 1 I 1 11 I 111 1 I 1 1 11 : :
[ i i boioooo i Boiovowoi bwiows bwiosw s ia]
0 05 ! 1 2 tfuf 3 % 5 10 15 20 25 30
Ly, (MM) p_(GeV/o)
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. Quarkonia Acceptance .

(5]
]

p. (GeVic)
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n
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T

p. (GeV/c)

Dong Ho Moon

ATLAS + CMS

ATLAS + CMS

ALICE

* ALICE: acceptance for pr > 0

» midrapidity: no absorber and low
magnetic field

» forward rapidity: longitudinal boost
e ATLAS and CMS: Muons need to

overcome strong magnetic field and
energy loss in the absorber

» minimum total momentum
p~3-5 GeV/c to reach the muon

stations
» Limits ]/ acceptance:

* mid-rapidity: pr > 6.5 GeV/c
o forward rapidity: pr > 3 GeV/c
ALICE * (values for CMS, but similar for ATLAS)

» Y acceptance:

/ e pr> 0 GeV/c for all rapidity

¢ Complementary acceptances

HIM Winter 2014, Pusan 23



Correction (Acceptance)

i B L L B B B B N R R L e
g 0.8—CMS Simulation - % 0.3[-CMS Simulation E
£ [ PYTHIA + EviGen + PHOTOS 1 & °°CPYTHIA + EvtGen + PHOTOS .
§ 0.7Fpp Vs = 2.76 TeV +++++—r 581 - pp Vs =2.76 TeV .
: ] <035p VLN Y W VTR
{ﬂ.ﬁ_— *¢+ H < - ,W % -
B o ¢ - . i
0.5/ o« ot o2 4
- ] .* R - + ‘\“
i L " 1 R
0.4f* . + - 0.15(- * ¢ ]
; . | - o (= Prompt 1) A
03 , ¢ ] i +
- . ]
0.2f
E tyeet
oib . ¢ Y0 E
C " ]
__._L.*_!Irnln A EEEE EEEE RN RS NS N i
2 4 6 8 10 12 14 16 18 20
%

P, (GeV/c) y

v PYTHIA+EventGen+PHOTOS simulation at Vs = 2.76 TeV
+ Total acceptance : 0.296, 0.0 < |y| < 2.4, 6.5 < p; < 30.0 (GeV/c)
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Y(nS)/Y(1S) vs E; (In| > 4)

a 05:l LI l LI | LI | LI | [ I LI I LI l LILILL |:
50_45:_ CMS pp Vs =2.76 TeV CMS pPb \s,,, =5.02 TeV = 5. 2 4] 1 9 19] [4 5 2]
@ E O Y(28)1(19) ® T(2S)/Y(1S) ;
= 045 o yag)r(1s) = Y(3S)/Y(1S) = N
0.351 - tracks
03F Vol <193 3 [-2.4,2.4]
oot $ y :
0.2f- ‘ L
0.15F =
Eo 0 ]
0.1 3
: - * B [T(nS )
0.05[ 3
: : (1
0:l 111 I | I .| | 111 | 111 | L1110 I L Uil I | I 1111 |: ( S) pp pr
0 5 10 15 20 25 30 35 40

EN* [GeV]

 Weak dependence of excited to the ground state ratio with respect to
the Eq(In>4)

CMS-PAS-HIN-13-003
arXiv:1312.6300
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Y(nS)/Y(LS) VS Nyagis (INl < 2.4)

E“ 05 - LI | [ | LI I LI | [ | LI I LI | L - Y
._;”f 0.45F. CMSpp Vs =276 TeV  CMSpPb sy = 5.02 TeV E 1919
@ F orEs)ris) ® T (2S)/Y(1S) .
= 04 © y@Esyris) ® T(3S)/Y(1S) E N
0.35F N tracks
03f WL + ly gy < 1-93 E [-2.4, 2.4]
0.250 %,+ E
C ¢ _
0.2F % + =
0.15F =
0.1 + 7 £
- ' . E [T(nS )
0.05F T C—
: - T 15
0: 11 | L1 1 | 11 I | - | L1 1 I L1 I 11 | L1 : ( ) pp’ppb
0 20 40 60 80 100 120 140
Nh‘[|-:2.4

tracks

« Significant decrease of Y(nS)/Y(1S) with increasing multiplicity, in pPb
and pp
» Possible ways to produce this dependence
- Y would affect the multiplicity or Multiplicity would affect the Y

CMS-PAS-HIN-13-003
arXiv:1312.6300
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Y(2S)/Y(1S) compare PbPb

a“ 0.5_ 1 I ||||||| I I ||||||| ) LI IIIII| ] a“ 0-5:||||| I 1 I IIIIII T T T IIIIII :
= 0.45f_ PP\ =276TeV  pPbys,, =5.02TeV PbPb s, =276 TeV] = 0.45F PP s =276 TeV  pPbys,, =502TeV PbPbys,, - 2.76 TeV]
? " F Oy, <193 ®ly, <193 ¥ by, <24 E ﬁ g Oy, <1.93 ® |y <193 D Iyl <24 g
= 0.4:— B = 0.4:— B
0.3F Y(1S) - 0.3F + Y(1S) -
0.25F Jf $ ¢+ - 0.25F %+ =
- ® + . - L] .
02t E 02 " E
- . i & .
0.15- — 0.15 —
= = 0.1 =
*F cMs E - CMS E
0.05F ++ = 0.05F :H; =
Oj 1 | ||||||| | | ||||||| 1 1 |||||| . D:IIIII | i IIIIIII i i IIIIIII i | III:
1 10 10 10° 10 10 107
=4 N|n|<2.4
ET [GE‘,‘V] tracks

* PDbPDb : no significant dependence on E;(|n|>4) and N, but large
uncertainties

 PDbPb points are below all the pPb data but large uncertainties to tell if
already in most central pPb the level of suppression is the same as in

PbPb peripheral CMS-PAS-HIN-13-003
arXiv:1312.6300
CMS /i . -
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Self-normalized Yields: Y(nS)/<Y(nS)>

i (1S)/ai (1S)i i (2S)/ai (2S)i i (3S)/4i (3S)i
oCi 'T \I\‘)\ (T)\\\\JT\\ \(“n\ \0‘.)\\\\\“\ Oi \\'TH\\’\‘)\\Ho‘omHJTHHL‘"HH?HHT‘\L OCL\H'T \'\‘)\ O‘QHHJT\ \\U‘-I\\\\m‘\\\\\“\L
& o =N . \ o
of®, ,"':,"': * ® O 7 o™ ’-IG’-IG u E orx% :a:a * o
o =] - T T T T
- \('_’3@ c-:U' -% © C L» T © o1 B L» U ©
F e = g o F = = o Y = o
PE = = ol il . »l [ N a1
r Y o 0 r * 20 r el
B (® = Pzl e ] EAN = % z 1N
o S N [N a- || molr LN
It ol o 2 Ik o 2 L o1 3
¥ b " NGO T b “, "
\J\i N “ -b\‘ 8 o \K N — . 8 ® E“N — K 8 o
Mmoo F . o 4 < ML -4 < m -4 <
S =N = - @ g A =dE @ a4 A3 ® A
_Xor [ o] r% < _Xop - < Yok EE— <
wE =0 = wE =T 0 = wE =0 =
r 2 < =, C 2 < 2 <
wk — O wf T— ! wWfE =/ wm A
o A = o A = ;mF A =
FoP Foe =
N =t 1 -E 8 RN A E
Eoool Ll L Bl Ll

Rax — Lpop  Y(nS)|ppy Epp
AA =
TaaNme Y(nS)|pp €pbes

* Y (nS)/<Y(nS)>:in the line at the whole E;(|n|>4) -v

RELXA _ TAA N T(?’LS)Z N €
Raa Ti, [(T(nS)) €

CMS-PAS-HIN-13-003
arXiv:1312.6300
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Self-normalized Yields: Y(nS)/<Y(nS)>

i (1S)/4j (1S)i i (2S)/4j (29)i i (3S)/4j (39)i
S ""HH“‘%m e e o':;m i o “f‘n: e e OC;W o "fmﬁ";‘! e
o e Sl = e o] o, == m ok, == E
TR alo 2338 T R 23 o, s 3 3
C .". =13 T o =13 o C ko =1 o
[l b _T »l1] iy »1 Ll »1]
‘D o~ 2 N F E 1l r S 1
Br Y =27z 1 d 7 = o, z 1™ F S z I~
Zz 8 NE n =Z 9 n =0 N n
83 F oo @ 83 F o @ 8 f o @
5\2 N - ™ (5} -bN 8 ('_D| — 5\2 N i 8 ('_D| - "’\'ﬁ\) - ".“ N 8 g i
= > < = < > F k <
= @ 4 = . — Z . oF —
=L X, —H ® 3 F=dp @ = 5V @ =
2R o < 2R < 2 Aot <
o s . < R - RN s,
wE < 2 = W = 2 -~ T Wl = CZ) =
W = 5 = - 5 \ ——— wk =& _—
o A * o A 7 2 1A -
r = r = F = K
s 8 e 3 s & 3 M8 3
| I | | (|
Rap = Lpp  Y(nS)|puep Epp
TaaNme Y(nS)|pp €pbes
R7;4A TAA T(?’LS)Z €
=7 * 3
¢« Y(nS)/<Y(nS)> VS Nyepe Raa  Ti, |XTm8) e

CMS?g

— Less consistent behavior (related to the Y(nS)/Y(1S) variations)

Dong Ho Moon HIM Winter 2014, Pusan
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i (1S)/4j (1S)i

Self-normalized Yields: Y(nS)/<Y(nS)>

i (2S)/4j (2S)i

PLB 712 (2012) 165

- L
T2 L - S EE ] ALICE pp Vs =7 TeV
* @ O 3 m ] =° B Uy u'u (25 <y <4) |
s % S . % 3 o ® Jhy—e'e (lyl<0.8) Lo |
_g — ﬁ* : -“.. — ﬁ,
(e} = 1 C "'.:‘ F = 1
Z g7\§(: S ; - ; l S ; = g Mormalization uncert.: 1.5% )
&% NI - ‘ o S @ [m]
=z " © 4 =z F — >
33 R o Z E S 4 8
N < 3?3; F 5
of o % 1 Ter =g 4 O
Wb 2= S sty — e = o -
o R S E - L
'b} 8 ‘XF ."‘ | ‘b} 8 { 'J 1 1 | | 1 1 |
! L] ool ] 0 2 4
N, /ch
{dN_/dn)
RM — il o LprLFIrorno TEE
TaaNme Y(nS)|pp €pbes
RELXA TAA T(?’LS)Z €
= - >k *k —
* Y(nS)/<KY(NS)> vsS N, eks Raa Ti, |(X(nS)) &

— Less consistent behavior (related to the Y(nS)/Y(1S) variations)

CMS-PAS-HIN-13-003
arXiv:1312.6300
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Self-normalized Yields: Y(nS)/<Y(nS)>
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PLB 712 (2012) 165

ALICE pp Vs =7 TeV

B Jy—uui25<y<4)
® Jhy —e'e (lyl <0.9)

Normalization uncert.: 1.5%

5 (W]
()
m
: L]
'4 L | | i 1 . |
0 2 4
dN,/dn
{dN_/dn)
RM — —FF L Iroro c"l—"l-"

TaaNme Y(nS)|pp €pbes

7
RAA . TAA «

Raa Ti,

— Less consistent behavior (related to the Y(nS)/Y(1S) variations)

— Multi parton interaction : should be same in 1S, 2S and 3S but even pp with
high multiplicity shows differences

Dong Ho Moon
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Self-normalized Yields: Y(nS)/<Y(nS)>

CMS?g
}

state J/v | x. UL I X T 5 1"
mass (GeV| | 3.10 | 3.53 | 3.68 [ 9.46 | 9.99 | 10.02 | 10.26 | 10.36
AE [GeV] [0.64( 0.20 [ 0.05] 1.10| 0.67 | 0.54 | 0.31 | 0.20
AM [C{*Y] 0.02-0.0310.03]0.06]-0.061-0.06]-0.08]-007
radius fm] | 0.25| 0.36 [0.45(0.14 0.22 | 028 | 0.34 | 0.39
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Heavy ion program timeline

2012 2013 2014 2015 2016 2017 2018 2019

2022 2023 2024 2025

2020 2021
m;w LS1 ~0.3-1.5nb"PbPb LS2 ~2-4 nb-' PbPb
Also comesponding pp Also corresponding pp
reference reference
CMS request PbPb PbPb pPb?

ol

ArAr pPb PbPb
T

51TeV  51TeV  82TeV eV

L1 trigger upgrade Pixel detector upgrade
3 layers = 4 layers

» PbPb statistics: 1.5nb-' and 10nb-! PbPb

* What is the expected pp statistics we should use?

Yen-Jie Lee (CERN)

IVIUUITI

High pT PInG Input

LS3 ~10 nb-' PbPb

PbPb pp (?)

5.5TeV

Extended tracker
coverage |n|<4 (?)

IV VVITILCI L\J.Lq, I Uoall



Introduction

Charmonium measurements
— Prompt J/p azimuthal anisotropy in PbPb collisions

Bottomonium measurements
— pp & pPb collisions

Summary

CMS, |
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pp DiMuon

2011 Run, L = 1.1 fb™
CMS Ns=7 TeV

—
(=}
(=7
IIII|,||| |

Events per 10 MeV
— — — —
by =] (=] (= (=)
(=] N ) 'S 1)

_LLLllIII |IIIIIlTIIIIIlI]I IIIIIIIJI L1l

-
-

trigger paths

Y

B J/y
Bs — u'w
Y

j low p double muon
high p double muon

z
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