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o Introduction
= Motivation, CMS Detector

©® Charmonia in PbPb collisions

= Prompt ]/ : Raa
= Prompt J/P : azimuthal anisotropy

© Bottomonia in PbPb & pPb collisions
= Y(1S), Y(2S) and Y(35)

© Summary
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Motivation

© Quarkonia

= Bound states of heavy quark and antiquark

= Large mass requires a large momentum transfer only during the early stage of
the collisions.

= Powerful tool to probe QGP

© Debye screening

= Loosely bound states (with smaller binding energies) melt at lower temperature.
= Sequential melting of the quarkonia
= Thermometer of QGP

T/T¢e  1/{r) [fm?]

——— ] Y(15)
Resonance . o 3 -
Mass [GeV] 3.10 3.68 - [ I/%(S)
AE [GeV] 0.64 0.05 0.20 %.'(2P)
i %(1P)
Radius [fm] 0.25 0.45 0.39 Q,(3s)

w'(2S)

T. Matsui & H. Satz, PLB 178 (1986) 416 Mocsy, EPJC 61 (2009) 705
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CMS Detector
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o Excellent muon Identification and triggering in the muon system
o Qutstanding momentum and vertex resolution of the tracking system
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o Separation of prompt J/p and non-prompt J/gp

= 2-Dimentional simultaneous fit for myu & ¢,y
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Prompt J/§ Raa

© Nuclear modification factor CMS-PAS HIN-12-014

R Lpp  Npopb  €pp
AT N N ' e L .
AANMB Npp  €PbPb  : Raa =1 No modification compared to pp collisions

é TT T T[T T T T[T T T [T T T T[T T T T[T T T [ TTTTTTTT lllléllll [N LD I I LB DRI L L TTT [T T[T T T[T T[T T [TI T[T T T [ TTT[TTT[TTT[TTT[TTT

o 14k CMS Preliminary 14 CMS Preliminary 14 CMSP ma;y
" PbPb\[s,, =2.76 TeV - PbPb\[s, =2.76 TeV " PbPb\[sy =2.76 TeV

Lint = 150ub-? 1.2 121

1.2

1

1 1

llIlllIllllllllllllllIl

LI B B B S B R
——

08 ‘ Prompt J/y 08 Prompt J/y 0.8 Prompt J/y
0.6 0.6 0.6
7 g - :
o 2 =] B B
04 m 04+ 04+ — i
" ; - ; e 3
021yl <24 o2 Cent 0-100%—  0.2] Cent. 0-100% -
B 6.5<pT<3O GeVic B ly| <24 . - 6.5<p_<30 GeVic .
u n i N T _
OllllllllllllllIlIIIIIIIIIIIIIIIIIIIIIII 0 PN N S TN TN N T N NN A T N A B B A O O111]111]11||111|1111111l|11|111|111|111|1|1|111
0 5 100 150 200 250 300 350 400 0 5 10 15 20 25 30 0 02040608 1 12141618 2 22 24

() N O p, (GeVic) Iyl

o Suppressed by factor ~5 in the most central bin
© No pt and y dependent suppression is observed.
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o Elliptic flow (v2)

= [mportant to understand the dynamics of heavy-ion collision

In hon-central
collisions
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© No strong centrality, pt, and rapidity dependence
© Integrated vz value (10-60%, 6.5 < pt < 30 GeV/c, |yl < 2.4)
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‘First’ significant measurement of prompt J/p vz
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CMS-PAS HIN-12-001
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o J/P vz at lower pt region is much smaller than hadron vz while higher
pT region shows similar vz values.

© D meson v has similar trend to hadron rather than J/y.
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© [n PbPb, Excited states are suppressed relative to the ground state.
© The peak for Y(3S) is hardly visible.
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© Y states are suppressed sequentially.

Raa[Y(1S)] > Raa[Y(2S)] > RaalY(3S)]

o Centrality integrated results

0.56 =+ 0.08 (stat.) &= 0.07 (syst.)
0.12 £ 0.04 (stat.) &= 0.02 (syst.)
0.03 £ 0.04 (stat.) &= 0.01 (syst.)

(< 0.10 at 95% CL)

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

probe HNM+CNM effects

Baseline probe CNM effects

© Cold nuclear matter effects in pPb
= |nitial state energy loss, comover break up, shadowing, etc.
= provide a better understanding of the effects from QGP
= CNM itself is a interesting matter.

© 1st pPb run @ LHC in Jan.-Feb. 2013

= /Snn = 5.02 TeV
= Recorded luminosity by CMS : 31.7 nb-!

7th December 2013 Heavy lon meeting 2013-12
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X20 more statistics CMS-PAS HIN-13-003
than 2011 pp data
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o Limited kinematic range(lycm| < 1.93) due to the rapidity shift in the
asymmetric p+Pb collisions

o Fitting procedure is same in pp, pPb, and PbPb analysis.
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CMS-PAS HIN-13-003

o Single Ratio © Double Ratio
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© pPb vs pp : Excited states are suppressed more than the ground state
in pPb compared to pp.

© PbPb vs pPb : Additional final state effects in PbPb that affect the excited
states more than the ground state.
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© Single ratios in all cases show the weaker dependence on Er.

o [n pp and pPb, the significant decreasing dependence on Niracks.

= Y would affect the multiplicity ?
= Multiplicity would affect the Y ?

Y measure

n
HF Track HF
- -24 ~2.4 g n
5 adl 5.2
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Summary

© Charmonia in PbPb collisions

= prompt J/P is suppressed by factor 5 in the most central bin.
= Significant anisotropy of prompt J/y in 10-60%, 6.5 < pt < 30 GeV/c, |yl < 2.4

© Bottomonia in PbPb & pPb collisions

= Sequential melting of Y(nS) is observed in PbPb.
» [ndication for the cold nuclear matter effect in pPb.
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1 pp, pPb, PbPb run at LHC & CMS &3

o 1st PbPb run @ +/Sxn = 2.76 TeV

= Nov. - Dec. 2010
» Recorded luminosity by CMS : 7.28 pb-!

© 1st pp run @ +/Snn = 2.76 TeV

= March 2011
= Recorded luminosity by CMS : 225 nb-1

o 2nd PbPb run @ +/Snn = 2.76 TeV
= Nov. - Dec. 2011
= Recorded luminosity by CMS : 150 pb-1

© pPb run @ +/Sxn = 5.02 TeV
= Jan. - Feb. 2013

= Recorded luminosity by CMS : 31.7 nb 1

o 2nd pp run @ +/Snn = 2.76 TeV

= Feb. 2013 (3 days)
» Recorded luminosity by CMS : 5.41 pb-1
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o Cartoon for Debye screening

= The larger the binding energy, the higher the dissociation temperature Tg.
= As temperature goes up, Debye length r\(T) decreases.
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CMS-PAS HIN-12-014
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© Suppressed by factor ~3 in the most central bin
© Hints of smaller suppression at lower pt region, mid-rapidity region

Information on the b-quark energy loss in medium
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Prompt J/§ Raa

o Rapidity dependence o pt dependence
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o Left : No strong dependence on rapidity at high pt region
o Right : At forward rapidity region, lower ptJ/p is slightly less
suppressed in the most central bins.
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o Rapidity dependence
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KOREA

o pt dependence

1.2

1

0.8

0.6

0.4

0.2,

0

_IIICIMISI IPIrellllllr]IInlal.rlyl LI | IIIIIIIIIIII

PbPb\ /s, =2.76 TeV

4 Non-prompt J/y

¢ 6.5<p_<30 GeV/c
+ 3<pT<6.5 GeV/c

_+_
III|III|III|III|III

6<Iy|<2 4
II'II IIIIIIIIIIII|IIII|IIII|IIII|IIII

0 50 100 150 200 250 300 350 400

N

part

In all rapidity bins at high pt region, centrality dependent

In the forward region, lower ptJ/P has strong centrality

dependence and less suppressed than high ptJ/yp.
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Raa(¥(25)) CMS-PAS HIN-12-007

o Double ratio : WVues)/Niw)rors
(N¢(2S)/NJ/¢)pp RAA(J/¢)
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o Centrality integrated results
RO109%(4(28)) = 1.54+0.32(stat)+0.22(syst) H0.76(pp)| limited by pp statistics

RO 0% (4(2S5)) = 0.1140.03(stat)=0.02(syst)+0.02(pp)

© (D
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© Y(2S) double ratio vs centrality
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© Since the beam energy of proton and Pb nucleus is asymmetric,
C.M frame is boosted by Ay ~ 0.47 w.r.t. lab frame.

o Symmetric range in C.M.frame [-1.93, 1.93] is selected for
muon’s n and dimuon’s rapidity.
: for the 1st run (proton going to -) : [-2.4, 1.47]
. for the 2nd run (proton going to +) : [-1.47, 2.4]

© Binning in 2 event activity variables

. corrected Niacks in inner tracker (|n|<2.4, pt>0.4 GeV/c)
. raw transverse energy(Et) measured in HF (4<|n|<5.2)

ﬂ inner tracker E
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