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Quarkonia in hot and dense medium

Heavy quarks are produced at early stage of collision

Mocsy, EPJ C 61 (2009) 705
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f""\

Debye screening in Quark-Gluon Plasma leads to melting ol
of quarkonia -
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Quarkonia states have different binding energies -1
. . , T _ L2tml 7/y(15) Y'(25)
Sequential melting of states is expected with increasing
medium temperature matsui & satz, PLB 178 (1986) 416 <T, ;cz((lg*)’) Y\;J(?zsé)
_ Nuclear modification factor _ 1 Ny (J/0)
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& NAS50, Pb+Pb, 0<y<1,+ 1% sytst. . . .
AR HU e i « J/W Rap similar at SPS and RHIC energies
{a&% @ « More suppression at forward rapidity than at
L8 L &%} midrapidity
¢ ik A Mix of shadowing, melting, and
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! |- What happens at the LHC with higher
WETE TN T N PR T PR I energy, Iuminosity?
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PHENIX: PRL 98 (2007) 232301, PRC 84 (2011) 054912

Pat  SPS from Scomparin @ QM06
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Open heavy-flavor in hot and dense medium

* Quarks interact with medium and lose energy
* Inelastic scattering - radiative energy loss
« Elastic scattering - collisional energy loss
Y.L. Dokshitzer, D.E. Kharzeev,

» Dead-cone effect Phys. Lett. B 519 (2001) 199
- Small-angle gluon radiation is reduced for heavy quarks

PHENIX Collaboration, Phys. Rev. C 84, 044905 (2011)
Non-photonic decays from D and B mesons

 Open b mesons have not T T T T T
1.6— 0-10% central —
been measured separately : E
at RHIC s E
« Would Ry be ordered e = ]
as predicted by theory? 08- -
0.6;— e

04— T
Raa(light hadrons) < Raa(D) < Raa(B) 02:_ ~~~~~ . -
“E Au+Au @\/sy = 200 GeV L .
e R S Sy T S R T

P; [GeV/c]
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CMS Detector
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Muon reconstruction in CMS
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Transverse slice with Muon chambers i
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« Excellent muon identification & triggering (DT, CSC, RPC)
« High mass/momentum resolution (Pixel & Strip silicon tracker)
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Dimuon acceptance
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8 2l oo szTe?/“ e  Due to the strong magnetic field and
a PrompT J/\p’ e ”{ _ :::3'_ _ -

energy loss in the absorber, minimum
momentum to reach the muon
stations is 3~5 GeV/c

J/W acceptance
- Mid-rapidity: J/@ pt> 6.5 GeV/c

- Forward rapidity: J/g pt> 3 GeV/c

p. (GeV/c)

Y acceptance
- All rapidity: Y pr> 0 GeV/c

L cMs éimulation

PYTHIA + EviGen + PHOTOS
| Pp\s=276TeV

Y1)
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Dimuon spectrum in PbPb at . /syy =2.76 TeV

Jhy CMS Prellmlnary
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J/@ in PbPb at /sw =2.76 TeV

N’--3000_ TTT T TT T
( § - CMS Preliminary
- - N,,: 8525 + 177
I“CIUSlve JI'.IJ 3 2500~ PbPb \ sy = 2.76 TV 55+ 1 mevice
% [ L, =150 b’ D ]
B » total fit T
Prompt J/y Non-prompt J/{ = A0y s cevie #e: v ronpromp
c r Cent. 0-100%
. Feed-down from | [RAUEEELEVE S 15001 -
Direct JIY YT
Y(2S) and X ¢ -
) 1000

500]

« Reconstruction of ptu- vertex

_|||||\||||||\||||||||\||||||\||||||‘||\|
8.6 27 28 29 3 31 32 33 34 35

« 2D simultaneous fit of p+tu- mass and M, (GeVic)

3 SR C LN C R ERERN LERTRRTER ]
seudo-proper decay length / £ i GMS Preliminary 1
P prop y gth Oy & 17 PbPb /s, =2.76 TeV
' <, T L, =150 ub" g ly| < 2.4
» Extract the non-prompt J/y fraction O R 65 < p, < 30 GeVie
e WE Cent. 0-100%
q>,) - ® data
i K %54 total fit
s my., JPL e
Jhp™ Hxy -
Pr :
102— E
2010 PbPb data 7.28 pb-1: JHEP 05 (2012) 063 e . T
2011 PbPb data 150 pb-1: CMS PAS HIN-12-014 05 0 05 1 15 2
lJ/\p (mm)
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Non prompt J/LIJ RAA

TTTT TTTT TTTT T T 1T UL T TT ‘ T T T ‘ T T T |_
o 14 CMS Preliminary " F 4L CMS Preliminan = of 4L CMSP Prehmmary .
- PbPby sy = 2.76 TeV = T PbPby sy = 2.76 TeV : - PbPby s, = 2.76 TeV .
1.2F I 12f =4 12k -
i ] 1k . 1f
0-8_—+ Non-prompt J/y] 0'8:_ Non-prompt J/y- 0'8:_ Non-prompt J/y-
0.6 + 1 oe- + 7 0.6 i
- * ] - ; ] C ]
- < ] i ] - ]
0.4 * x 1 04r ; + ; + 4 o04f ”+”+ + -
0.2)- y| < 2.4 — 0.2]- Gent. 0-100% - o2b Cent. 0-100% |
- 6:5<p, <30Gevic - i 6|5<||O <|SOG\leW? il e ] - | | | | |y|<2'\4
O g he pan e e s hoc % 02040608 T s idieis 2 2sta B s d0 15 20 25 30
Npart lyl Pt (GeVIic)

_ Lpp NPbe(J/w) 8pp
=
T pa Ny Npp<J/1P) € ooy ( Cent. )

* Non-prompt J/g from b-hadron decays is a probe to energy loss of b quarks
in the medium

« Centrality dependent suppression on 6.5 < pt < 30 GeV/c, |y| < 2.4 region

R

- 0-5% centrality events shows suppression by a factor 2.5

« A hint of rapidity or pt dependent suppression
CMS PAS HIN-12-014
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Non- prompt J/tIJ RAA Comparison to theory

l T T l T T l l T I e A R R | IIIIIIIIIIIIIIII ]
r:cé 1 _4 CMS Prellmlnary Vitev: Ig;l%/losz gNM _] D:fi 1_4_ CMS Prellmlnary -
i Pbe\ S =2.76 TeV I Rad E loss+CNM+Dissoc : PbPb \ SN =2. 76 Tev -
1.2 __ WHDG: 0-80%, y~0 _ 1.2 __ EI ALICE: c-quarks _]
T 7] Rad+Coll E loss - T average D°, D", D™ =
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1 - Buzatti: 0-100%, y~0 1= T
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« Raa of non-prompt J/p as a function of J/ pt is compared to theoretical
calculations as a function of B pt (note: B pt > J/U pT)

« Radiative energy loss is not enough to describe b-quark energy loss

CMS PAS HIN-12-014
« D meson Raa < Non-prompt J/P Raa ALICE: JHEP 09 (2012) 112
. Vitev: J. Phys. G35 (2008) 104011 + priv. comm.
for most central collisions Horowitz: arXiv:1108.5876 + priv. comm.

Buzzatti, Gyulassy: arXiv:1207.6020 + priv. comm.
He, Fries, Rapp: PRC86 (2012) 014903 + priv. comm.
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Non-prompt J/lIJ Raa : Double differential

T T L I LI LU LI |
r:c:E 14 _CMS Preliminary i Lr:§ 1.4_— CMS Preliminary —~
- PbPby s = 2.76 TeV y - PbPby'sy=2.76 TeV 1
1.2 ] 1.2( .
"~ Non-prompt J/y : 1:_+ Non-prompt J/y ]
1: o lyl<1.2 : - ¢ 6.5<p <30 GeV/c | |
0.8 mi.2<lyl<1.6 ] 0.8 #3<p.<65GeVic
B + ¢ 1.6<|y|<2.4 ] | & ]
i ¢ ) i 1 )
0.4_— t Q ] 0-4__ # B
| : A _ ¢ v
0.2 — 0.2 -
- 6.5<p. <30 GeV/c | L 1.6<|y|<2.4 i
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Npart Npart

« Centrality dependence is observed in all rapidity region

« At forward rapidity(l.6<|y|<2.4), lower p1 (3 < p7 < 6.5 GeV/c) is
accessible

-~ Lower ptis less suppressed than higher
pT pp g pT CMS PAS HIN-12-014
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Prompt J/U Raa

=2 14 CMSPreliminary 1 &4 oMsPrelminay 4 o244 CMSPreliminary’
- PbPb\ /s, =2.76 TeV ] - PbPbys,, =2.76 TeV ] - PbPb\/s,, =2.76 TeV ]
12F — 12F - 12] -
1 . 1 - iF
0'8-_+ Prompt J/y 0'8? Prompt J/y 0'8;_ Prompt J/y
0.6/ u ' - 0.6/ - 0.6 —
of  HYg S R ]
T * e ) s . i i T e .
0.2 |y| <24 - om 0.2/~ Gent. 0-100% . 0.2 Cent. 0-100%
:65<p < 30 GeV/c . 65<p < 30 GeV/c : - ly] < 2.4
R T R T T R R T 830408 55 T 14T 16 T8 5 5a 0 O | R
Npart lyl Pt (GeVic)
e Prompt J/P Raa with pp reference at 2.76 TeV, 231 nb-l
- Rap vs. pt and y will be updated with more statistics. Stay tuned!
« Strong centrality dependence for 6.5 < p7 < 30 GeV/c, |y| < 2.4 region
* 0-5% centrality events shows suppression by a factor almost 5
« No significant dependence on rapidity or pt

CMS PAS HIN-12-014
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Prompt J/Y RAA Double differential
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« Different rapidity regions have similar suppression magnitude and
centrality dependence for 6.5 < pt < 30 GeV/c

. At forward rapidity(1.6<|y|<2.4),

accessible

- In most central case, lower pt is slightly less suppressed

Mihee Jo

lower pt1 (3 < p7 < 6.5 GeV/c) is

Strangeness in Quark Matter 2013
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Prompt J/U Raa - Comparison to STAR

I R I R R RS RN R . :
I§ 1.4~ PbPb Preliminary \'s, = 2.76 TeV CMS: Prompt J/LlJ
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1.2~ vl <24
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0.4 . —
“AuAu \s,,, =200 eV u ] .. .
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Prompt J/U Raa : Comparison to ALICE

_IIIIIIIIIIIIIIlI|||||||||||III IIIIIIII
1.4—PbPb Preliminary \'s, = 2.76 TeV

4« CMS: Prompt J/w
CMS: prompt J/y ALICE: inclusive J/y —__ - 6.5 <pr<30GeV/, |y| < 2.4

| |6y|5< 2.4 30 GeV/ ® 25<y<4.0
S<p.< evic o |y|<0.9 .
! F 1« ALICE: Inclusive J/y
H_U( : - p7>0GeV/c |y| <0.9
0.8

_I‘__L:llll|ll

L

] - pT>0GeV/c,25<|y| <4

i L o]
0.41 - 7 e+ Stronger suppression at CMS for
ool Y m . central events

i | — Less suppression at low pt due to

_I 1 1 1 | 1 1 1 1 I L1 1 1 | L1 1 | | [ | | 1 1 1 1 I 111 1 | 111 I_ !

% 50 100 150 200 250 300 350 400 regeneration?
Npan

CMS PAS HIN-12-014
ALICE mid-rapidity: Nucl.Phys.A904-905 2013 (2013) 623c-626¢
ALICE forward rapidity: Nucl.Phys. A904-905 (2013) 595c¢-598c
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Prompt J/P Raa : Comparison to theory
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1
BN — Prompt Jiyp (V=U) i L [ ] CNME-loss +coll dissoc, T, |
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i P T Formation time ] i
06— "\ — 0.6 —
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0.4 ‘ 0.4 _
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0-2:_ Iyl <2.4 e T 0-2:— Cent. 0-100%—:
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Prompt J/W Raa at high ptis described well without recombination

Collisional energy loss and CNM effects are not enough to describe

prompt J/Y suppression
CMS PAS HIN-12-014
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tlJ(ZS) in pp & Pbe at./sw =2. 76 TeV

_L

CMS Prellmlnary
N,,: 741+ 36
- pp Vs =276 TeV R...:0.049 % 0.010

»(25)"

Events / ( 0.04 GeV/c?)
Q

E Ly = 231 nb”! =(32= 1) MeVic? 3
% e data E

, % %% total fit
107 % == background =
/ lyl <1.6 ]
65<p < 30 GeV/lc |

i

—
|
[ —
——.—
——&——
—————
————
|

26 28 3 32 34 36 38 4 42
2
m,,, (GeV/c?)

_y(2S)/J/y (PbPb)
YT p(28)1J 1y (pp)

—~ o T

(8]

3 | CMS Prellmlnary

® J,,w 13211+ 65

o Li —150ub1 o= (29 1) MeV/c2
o

~10°— e data —
2 % total fit -
o --- background A
T

0-20%, lyl< 1.6
6.5< P, < 30 GeVic

In pp: Ry(2s): 0.049£0.010
In PbPb Rq,(zs): 0.024+0.008

« Ryps) in 0-20% PbPb is ~2x smaller than in pp for pr > 6.5 GeV/c,

ly| < 1.6 region
Mihee Jo

CMS PAS HIN-12-007
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lIJ(ZS) / Jp Double ratio

1D_|||||||||IIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIII |II|||||||||||I IIIIIIIIIIII

E PbPb s, = 2.76 TeV : : F"hF"b [S = 276 TeV ] CMS PAS HIN-12-007
i . 3<p, <30 GeVic, 16 <yl <2.4 E (ol ¢ 85<p <30 GeVic, |yl <1.6 b JIY Rap for Y(2S) is quoted from
85— |:| pp uncertainty (global) _E : |:| pp uncertainty (global) : JHEP 05 (2012) 063

(W(28)/ I, ./ [W(2S)/ I,
=

af— _
st E ;
45— B
[JF 1 Rulw(2s))=
- ] 2S)/J /vy (Pb
: /o | LS (o] Rl
F CMS F’rellmmary i CMS Preliminary ]
DC;I I 5|EIII I I‘i[‘!ll&l. .1.é[‘:l. .E.I‘EIID 250 SDD 350 400 3EII - "E-IEII' - ;[EJL:J' I1I5|l‘ilII I"Elr.'lill‘ill Iz.é[‘jlll .,'_;.[‘!II[:J. .,'_;ré[':ll IJI,DD
N N

part part

R, (¢(2S))=1.54+0.32(stat.) = 0.22(syst.) £0.76( pp)
R, (¢(28))=0.11%0.03(stat.)+ 0.02 ( syst.)+0.02( pp)
« For pr> 3 GeV/c, 1.6 < |y| < 2.4, large uncertainties on pp

- Indication that (2S) is less suppressed than J/ but need more pp statistics

- Rap vs. pr and y will be updated with more statistics. Stay tuned!

o (2S) is more suppressed at pt > 6.5 GeV/c, |y| < 1.6
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Y(nS)/Y(1S) ratios

_— L I L I L I LU ‘ LILLIL ‘ LI I LI _— 800 —1t1 | 1 1 I LI I L I LU | LU | LI | LI
~ B0 ; — o B . i
S CMSpp\s=276TeV - S F ” CMS PbPb \'sy,, =2.76 TeV ]
700 —
8 ly| <2.4 8 Cent. 0-100%, |y| <2.4 3
S 4o Pl >4 GeV/c ] S 600F Pt >4 GeVlc -
= I L, =230nb" < F L, =150ub" :
2 ] £ 500 =
g) 30 B — q>) = " .
i e data 7 e data

L B < L " 7

- + total fit 400 total fit
20 [ N Y ) O BEETEEE background | F || e background E

p
I 1 1 L L1 11 LI L1 | I L

I10 | 11 12 13I - 14
Mass (i) [GeV/c?] Mass (i) [GeV/c?]

* Y(2S)/Y(1S) and Y{(3S)/Y(1S) ratios on minimum-bias
NY(BS)/NY(ls)(Pbe)
NY(BS)/NY(ls)(pp)

NY(ZS)/NY(18)<Pbe)

=0.21+0.07x0.02
NY(2S)/NY(IS)(pp)

<0.17 (95%C.L.)

Phys. Rev. Lett. 109 (2012) 222301
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Y(nS) Raa

i _l L | L | L I LI I LI | L | L | L |_ ® Y(ZS) iS Clearly Suppressed
14— CMS PbPb\ s, =2.76 TeV — : : :
S NS i 9150 L * Y{(1S) suppression is consistent
1.2 m =R with excited state suppression
o BELIRACE) L = 230 nb!
:‘+ T 1(3S), 95% upper limit i ] (~50% feed down)
1 CDF: Phys. Rev. Lett. 84 (2000) 2094
B i LHCb: JHEP 11 (2012) 031
n 30-40%
0'8:_ 40-50% 20-30% :: 0100 « Mimimun-bias RAA of Y(nS)
| 50-100% -
0.6/ + b " oo + R,,(Y(1S))=0.56+0.08 (stat.)+0.07 (syst.)
i i ]
0.41 S R,,(Y(2S))=0.12+0.04(stat.)+0.02(syst.)
oo [+] [+] ['H - R,.(Y(3S))<0.1 (95%C.L.)
i 1@
O_I 111 I | | | | | | | | | |$I 1 1 | | I*I | | Ii#l_ |I
Do T R S0 e A - Sequential suppression of Y(nS)

part

In order of binding energy

Phys. Rev. Lett. 109 (2012) 222301
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Y(nS) Raa : Comparison to theory

CMS PbPb sy, = 2.76 TeV

e Y (29) ly| < 2.4

+Y(1S) L, =150ub’

CMS PbPb \ sy, = 2.76 TeV

M. Strickland

__L_i 5

_____________ Y(1S), 4nn/s = 3

N Y(1S), 4nn/s = 2

—— Y(1S), 4mn/s = 1

A\ + wreee Y (28), 4nM/s = 3

+ + ------- Y(2S), 4nn/s = 2
| - (

ol ——Y(2S), 4nn/s = 1

0 50 100 150 200 250 300 350 400
Strickland arXiv:1207.5327 N

part

Strickland: some tension to describe Y{1S) and Y{(2S) simultaneously

with the same n/s value

Rapp: regeneration and nuclear absorption could be significant also for

bottomonia

T(1S) T (2S) -

¢ CMS data ® CMS data -

B Primordial B Primordial _

— Regenerated - Regenerated -

Il Total Il Total 7
Nuc. Abs.

SN

50 100 150 200 250 300 350 400
Rapp et al. EPJ A48 (2012) 72 Npart

Strangeness in Quark Matter 2013




Charmonia at lower pr

> I B B A B B - (2S) suppression has too large
- o CMS Preliminary 0-100% uncertainties to draw a conclusion
2" PbPb\ sy, =2.76 TeV ~ :
i \ S i - New pp data from 2013 will help to
1 | solve this question!
- o Inclusive y(2S) (6.5 < p_< 30 GeV/c, |yl < 1.6) - | _
ol Y@S) (vl <2:4), 95% upper limi 1 « Charmonia at higher pr
TF 4 Y(2S) (ly] < 2.4) i
[ w promptJiy (65<p_<30GeVic, [yl <24) ] - J/@ are more suppressed than RHIC
0.6 % y(1s) (yl < 2.4) ~ energy
0.4 i Y(18)_: - Y(2S) is more suppressed than J/y
oo . I 1 « Bottomonia
-2 y(2S) Y (25) ] . :
(6 ¢Y(ss) % : - Clear ordering of the suppression
_I | | 1 1 | I 1 | | I 1 1 | I 1 | | I 1 1 I_
% 02 04 06 08 1 1.2 of the Y(n5)

Binding energy [GeV] * Measured quarkonia family shows
sequential melting as a function of
binding energy
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Dimuon spectrum in pPb at _/syy =5.02 TeV

N§ Jhp CMS Preliminary 2013
8 1052— P, ® ¢ oPb r 5 ToV =
:}; WJLMNJ w(28) L =31 nb” E
10 & Y(1,2,3S) _E
3o
10° & -
107 B
ol -

-

T R | N B | oo

1 10 10
m,, (GeV/c?)
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BACK UP
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P (2S) / J/Y Double ratio : CMS and ALICE

- ALICE inclusive J/y and y(28), 2.5<y<4
g8 [ Pb-Pb, {5,;=2.76 TeV, L= 70pb"
- pp, 15=7 TeV

PRELIMINARY

7 [~ @ALICE.0< p_<3 GeVic, 2.5< y<4

- @ALICE, 3< p_<8 GeVic, 2.6< y<4

. T
| @CMS, 3< p <30 GeVic, 16<| y|<24  .f
C (CMS-HIN-12-007) @
e o

V@SV, V@S]

F Lo d
2_{[ J 95% CL

L S

0 50 100 150 200 250 300 350 400
(N_)
part

CMS has a hint of less
suppression of the Y(2S)
compare to J/y at lower pt

- pp reference at /s=2.76 TeV
ALICE does not see same effect
- pp reference at Vs=7TeV

Given the large uncertainties on
the results

- No discrepancy

CMS PAS HIN-12-007
ALICE: preliminary results from QM2012 by Scomparin, Arnaldi
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Y(nS)/Y(1S) ratios

c:I_"‘- 800_—| 1 I | L I L | LI } | L I I LI | LI |__
g -« data ﬂ CMS PbPb |5, = 2.76 TeV -
& 700 — PoPofit || Cent.0-100%,|y|<24 -
= [ = 1 .
S 600 pp shape L = 150 ub -
< fp.>4GeVic :
o - ]
£ 500F ; =
o L i
> L i
L L i
400— ~
300F —
200F gt ot -

) 7 o J

1005 -

:I 11 1 | 11 1 1 | L1 1 1 | [ | | L1 1 | | 11 1 1 | 1 1 | I:
Y% 9 10 11 12 13 1

Mass(u*u) [GeV/c?]

* Fit curve of pp is superimposed
onto PbPb data by fixing the Y{1S)
yields and background and mass
peak components to PbPb

* Y(2S)/Y(1S) and Y(3S)/Y(1S) ratio
come from fit curve of pp

* Double ratios on minimum-bias

NY(ZS)/NY(IS)(Pbe)
NY(ZS)/NY(18)<pp)

NY(BS)/NY(18)<Pbe>
NY(3s)/Ny(1s)<pp)

=0.21+0.07+0.02

<0.17 (95%C.L.)

Phys. Rev. Lett. 109 (2012) 222301
https:/itwiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN11011
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Y(nS) signal extraction in pp and PbPb

)

L1200 i CMS PbPb |5 = 2.76 TeV ]  Much smaller number of
8 [ { Cent.0-100%,ly|<24 ] higher order states in PbPb
1000~ i Liy=150pb" - compare to pp
- r i1 pl>4GeVic -
~ L i T
£ 800~ ¥ -
L%) - ﬂ e data
600 {f i — totalPbPbfit |
: -~ background i
400__ “ - PP Shape __
i ?} R (R,, scaled) .
200~

Mass(u ) [GeV/c?]
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/X @S)r(18)]

PbPb

[Y(2S)/Y(1S)]

Y(2S)/Y(1S) Double ratios

1.4F |Cl\/lsI PbPIb \s,,lJN = 2|.76 Tlev | * Y(2S)/Y(1S) double ratio of
[ —¢-stat. unc. L, =150ub" differential centrality bin is
-2 syst. unc. yl <2.4 measured
i —Jpp unc. pi >4 GeV/c

* No strong centrality

R A P T P e

0.2

0 50 100 150 200 250 300 350 400
N

08 40-50% dependence is observed on
0.61- 200 Y(2S)/Y(1S) double ratio
“°150-100% 30-40% i

= 0-5% _
0.4 ) \ + 10-20%  5-10% ]

part

Phys. Rev. Lett. 109 (2012) 222301
https:/ltwiki.cern.ch/twiki/bin/view/ICMSPublic/PhysicsResultsHIN11011
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