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Introduction

. . M , EPJ C 61 (2009) 705
« Heavy quarks are produced at early stage of collision e (2009)

T/Te 1/(r) tfm)
* Debye screening in Quark-Gluon Plasma leads to melting
of quarkonia

* Quarkonia states have different binding energies

« Sequential melting of states is expected with increasing

medium tem perature Matsui& satz, PLB 178 (1986) 416 <T, ;(:((1%‘))) Y;f?zs%)
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Global sys.= £ 9.2%
1.4 R,.(62.4 GeV) = PHENIX data/our estimate
[ Global sys.= + 29.4%
1.2 | R.A(39 GeV) = PHENIX data/FNAL data
B e e « J/U Raa over different collision
208 Iy =, 12 <ly| < 2.2 energy have similar trends at
o PHENIX
0.6 .
E  What happens at the LHC with
0.4 wltl higher energy, luminosity?
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CMS Detector

SILICON TRACKER
Pixels (100 x 150 um?)
~1m? ~66M channels

Microstrips (80-180um)

Pixels ~200m* ~9.6M channels
S CRYSTAL ELECTROMAGNETIC
| FTdCKE CALORIMETER (ECAL)
ECAL ~76k scintillating PbWO, crystals
HCAL
Solenoid
PRESHOWER
StEEI YO' ke -~ Silicon strips
R ~16m* ~137k channels
STEEL RETURN YOKE
~13000 tonnes
SUPERCONBUCTING
SOLENOID /
Miobium-titanium coil
carrying ~18000 A i FORWARD
W CALORIMETER
l Steel + quartz fibres
_ HADRON CALORIMETE] R (HCAL) = i gl
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0 m ~Tk channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field 38T

Mihee Jo HIF on Quarkonium Physics 4



Muon reconstruction in CMS
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e Excellent muon identification & triggering (Muon system)
* High mass/momentum resolution (Tracker)
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Dimuon acceptance

30 llllllllllllll T |:_\__| T

g CIVIS Simulatior
[ - PYTHIA % EviGen ¥ PHOTQS . .
% 25 ppyS= zmev__ * Due to the strong magnetic field and

Prompt - energy loss in the absorber,

minimum momentum to reach the
muon stations is 3~5 GeV/c

* J/P acceptance
- Mid-rapidity: J/Q p1> 6.5 GeV/c

- Forward rapidity: J/Q p1> 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

g g | | I I 1T 11 lJ/\lII | | I 1 éhl/ls PreIImIr]a'lryl I 1T 11 | g
> F - PbPb |5, = 2.76 TeV -
4 : —
% 10 0 Y(1,2,39) E
= y(25) .

S oo L. (PbPb) = 147 b
LLI : E
102 VA =
10k E
1 H= _E
i Pt > 4 GeVic || ‘ =
1 | 1 1 1 11 | 1 | | | I 1 1 1 | | | | | | 1 1 | ]

1 10 102
m,, (GeV/c?)
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J/U in PbPb at /syn =2.76 TeV

Direct JIY

Inclusive J/y
Prompt J/Y

Feed-down from
Y(2S) and X ¢

Non-prompt J/{
from B decays

Reconstruction of ptu vertex

2D simultaneous fit of p*pu- mass and
pseudo-proper decay length 4y

Extract the non-prompt J/U fraction

Mihee Jo

2010 PbPb data 7.28 pb-1: JHEP 05 (2012) 063

)

0.02 GeV/c?

Events / (

Events / (0.035 mm)

2011 PbPb data 150 pb-1: CMS PAS HIN-12-014
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[ L= 150pb" ly] < 2.4
| 6.5<p, <30GeVic
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- ® data
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Prompt J/U Raa

PN Ry SN U B B B B N L L R L R I N I L B B
,I:é 14 CMS Preliminary ] ,I:L; 14— CMS Prelimina 3 n::é 1.4 CMS Preliminary ]
- PbPby sy, =276 TeV i - PbPb\s,, =2.76 TeV i - PbPb\ s\, =2.76 TeV ]
12 - 12 - 1.2 -
1 ; 1 ; [
0'8:+ ' Prompt J/v 081 Prompt J/v 0-81 Prompt J/v
0.6; ‘e . . 0.6; f: 0.6 ]
- * | - |
0.4— n — 0.4 — 0.4 ]
B ] i o B
- * a - ] = - ] WH "
0.2 |y| < 2.4 " 0.2/~ Cent. 0-100% . 0.2 Cent. 0-100%—
- 6.5<p <30GeVic 1 - 6.5<p <30GeVic 1 i ly| <2.4
L1l | L1l | I I | ‘ I | ‘ L1l ‘ L1 I L1 11 ‘ | - L1l ‘\Illl\\l\ll‘l\\IIII‘I\\II\I‘\ \III\I‘\ \III\I L1 1 1 ‘ L1 1 ‘ L1 1 1 ‘ L1 1 1 ‘ L1 1 | ‘ | N
% 50 100 150 200 250 300 350 400 % 02040608 1 12141618 2 22 24 % 5 10 15 20 25 30
Noar Iyl p, (GeVic)
R Lpp NPbe(J/w> 8pp

MU TNy N (J/1) €4y, (Cent.)
« Prompt J/W Raa with pp reference at 2.76 TeV, 231 nb-!
« Strong centrality dependence on 6.5 < p71< 30 GeV/c, lyl € 2.4 region
- 0-5% centrality events shows suppression by a factor 5

- No significant dependence on rapidity or pt CMS PAS HIN.12.014
https:/itwiki.cern.ch/twiki/binlview/ICMSPublic/PhysicsResultsHIN12014
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Prompt J/U Raa - Comparison to STAR

I L I I I I I L I :
I§ 1.4 PbPb Preliminary \'s, = 2.76 TeV — CMS Prompt J/Ll',
- m CMS: prompt J/y g — /SNN:2°76 TeV
1.2F Iyl <24 —
i ﬁ% 6.5< p, <30 GeV/c ] - 6.5<p1<30GeV/c lyl<2.4
1 .
- * STAR: Inclusive J/p
°-8§ $ B = Vs =200GeV
0.6:— - - p1> 5 GeV/c, lyl <1
0'4__A A 200 G v E
UAU \s\, = e | ] . .
[ /. STAR: Jiy (arXiv:1208.2736) i g Similar trends bUt.
02 1y1<1.0 - stronger suppression at CMS
i p >5 GeV/c ]
L I. clv v bev b brv o b by
00 50 1 00 150 200 250 300 350 400
Npaﬂ

CMS PAS HIN-12-014
https:/itwiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN12014
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Prompt J/U Raa : Comparison to ALICE

< [T

(C 1.4—PbPb Preliminary \'s, = 2.76 TeV

e CMS: Prompt J/y
- 6.5<p7<30GeV/c, lyl<2.4

* ALICE: Inclusive J/@

HE
E@( : - pr>0GeV/c Iyl <0.9
0.8

CMS: prompt J/y ALICE: inclusive J/y —

m|y|<24 ® 25<y<4.0
6.5< p,<30GeVic o |y|<0.9

_I‘__L:llll|ll

L

: m - - pr1>0GeV/c,2.5<yl<4
0.6 _|

- fes Fﬁ e 0 ]
0.4~ " . _ -1 ¢ Stronger suppression at CMS
of i - for central events

0:|||.I||||I||||I|||.I||||I||||I|..|I||||:

0 50 100 150 200 250 300 350 400

Npart

CMS PAS HIN-12-014
ALICE forward rapidity: Phys. Rev. Lett. 109 (2012) 072301,
ALICE mid-rapidity: preliminary results from QM2012
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Prompt J/P Raa : Comparison to theory

< TTTT | T 1T I TrTTT l T TT | T TTT | TTTT IrTTT TTTT < T 1T T T T 1T T T | T 1T T T
i L - < ..
o 14 CMS Pr I|m|na;y - C 1.4F CMS Preliminary -
- PbPby\/s,,=2.76 TeV i : PbPby\/sy, =2.76 TeV ]
1.2~ - 1.2 —
. = Prompt JAp i 1: = Prompt Jhy i
1%
BN — Prompt Jiyp (V=U) i L [ ] CNME-loss +coll dissoc, T, |
08\ Shadowing ] 0.8~ [ ] CNME-loss + coll dissoc, T, —|
—+ * - Cronin s - .
i P T Formation time ] i
06— .\ — 0.6~ —
RN i [ ]
0.4 ‘ — 0.4 _
i ] ] i L ]
02Flyl<24 oI — 02~ Cent. 0-100%-
- 65<p <30Geve 3 - lyl < 2.4 .
_I L1 1 | - | L1 11 | .| | | | - | L1 11 | L1 1 I_ O_ |1 | | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 |
00 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30
Npart P, (GeV/c)

Prompt J/W Rpp is described well without recombination

Collisional energy loss and CNM effects are not enough to describe

prompt J/Y suppression CMS PAS HIN-12-014
https:/itwiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN12014
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Prompt J/P Rana : Double differential

& 1,0 CMS Preliminary = - & 140 CMS Preliminary ]
- PbPby\ s\, =2.76 TeV ] - PbPb\'s,,=2.76 TeV i
1.2 . 121 -
i Prompt J/y i i Prompt J/y ]
1; ° lyl<1.2 ] 1: ¢ 6.5<p_<30 GeV/c 7
0_8_— m 1.2<ly|<1.6 ] 0_8__ + 3<p_|_<6.5 GeV/ic ]
B * ¢ 1.6<|y|<2.4 ] B # + ]
0.6/ # - 0.6/ ' -
i % i i t + + i
048 ¢ n 0.4 ¢ - *
i ¥ ¢ i L 2
0.21 g 0.21 -
- 6.5<p, <30 GeV/c ] [ 1.6<|y|<2.4 i
_I 111 | 1111 I 1111 I | I - | L1 11 I 1 111 I 111 1 I 111 I_ _I 111 I 1111 | 1111 I | - | L 111 I L1 11 | 1111 I 111 I_

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

Npal‘t Npar‘[

« Different rapidity regions have similar centrality dependent
suppression for same amount for 6.5 < pt < 30 GeV/c

« At forward rapidity, lower p7 (3 < p7< 6.5 GeV/c) is accessible

- In most central case, lower pt is slightly less suppressed
CMS PAS HIN-12-014
https:/itwiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN12014
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L|J(2$) in pp & PbPb atsN =2. 76 TeV
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s
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« Ryps) in 0-20% PbPb is ~2x smaller than in pp
atpr> 6.5 GeV/c, lyl < 1.6 region

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

=

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
: JHEP 05 (2012) 063

8:— [ pp uncertainty (global) E " || pp uncertainty (global)

(w(2S)/ )., ., /[w(@S)/ Il
'NI

af— _

st H ;

45— B

[JF 1 Ru(w(28))=
- ] 2S)/J /Iy (Pb

: /o | LS (o] Rl
F CMS F’rellmmary i CMS Preliminary ]

DC;I I 5|EIII I I‘i[‘;t;l. .1.é[‘:l. .E.I‘EIID 250 SDD 350 400 3EII - 'SICII' - ‘][!JL:ZI' I1I5|l‘ilII I2Ir:|Jl[‘ill Izié[‘jll. .,'_;.[‘!II[:J. .éé[':lll Ir-lmﬂ

f N Noan
Rg;1°°%(1p(2s))=1.5410.32(stat.)io.zz(syst.)io.m( pp) \
RO (¢(2S))=0.11%0.03(stat.)+0.02( syst.)+ 0.02( pp)
« Forpt> 3 GeV/c, 1.6<lyl<2.4, large uncertainties on pp

- Indication of Y(29) is less suppressed than J/P but need more statistics

« Y(2S) is more suppressed at pt > 6.5 GeV/c, ly| < 1.6
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P (2S) / J/Y Double ratio : CMS and ALICE

-;% 95 ALICE inclusive J/y and y(2S), 2.5<y<4 > i CMS haS a hlnt Of |€SS

= " Pb-Ph, {5,,,=2.76 TeV, L= 70 ub”’ ' .

= L] e ‘ _ suppression of the Y(2S)

Q7] ence ocp, v 25< v compare to J/Y at lower pt

> [ @ALICE, 3< p_<8 GeVic, 2.5< y<4 -

o B[ goms 3cp < Gevic, 164 yj2s ! - Pp reference at \/52276 TeV

o : (CMS-HIN-12-007} @

3 SF « ALICE does not see same effect

— E .—“". J_ -

% T - pp reference at Vs=7TeV

N C . .

& 3 l . * Given the large uncertainties on
zf—{ﬂ‘[‘u | o™ s the results
1u+%¥ ........................... l ................ - No discrepancy
OEIIII|III||!"|-|-,II|IIII||II||I|II| III|IIII
0 50 100 150 200 250 300 350 400

N

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(uu) [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(25)/Y(1S) and Y(3S5)/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)/Y(1S) Double ratios
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@ 14~ CMS PbPb \ s\, = 2.76 TeV 4+ Y(25)/Y(15) double ratio of
= [ e statunc L =150 ub" - differential centrality bin is
& 12 syst. unc. ly| < 2.4 7 measured
; i [ pp unc. pt >4 GeV/c :
s : [
= 1« No strong centrality
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= 05050100 30-40% B
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Phys. Rev. Lett. 109 (2012) 222301
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Y(nS) Raa

i _I L | L | L I LI I LI | L | L | L I_ ® Y(ZS) iS Clearly Suppressed
@C1.4— CMS PbPb\ s, =2.76 TeV — : : :
S A i 10 o * Y(1S) suppression is consistent
1.2 m = EER 3 with excited state suppression
i e Y(2S) L_m:= 230 nb"’
[ | T (38), 95% upper limit i ] (~50% feed down)
1 CDF: Phys. Rev. Lett. 84 (2000) 2094
N ] LHCb: JHEP 11 (2012) 031
n 30-40%
0'8:_ 40-50% 20-30% :: oiood  ® Mimimun-bias RAA of Y(n S)
| 50-100% -
0.6 + . m:"% 510% 0-5% ] + R,,(Y(1S))=0.56+0.08 (stat.)+0.07 (syst.)
0.41 S R,,(Y(2S))=0.12+0.04(stat.)+0.02(syst.)
oo [+] [+] ['H - R,.(Y(3S))<0.1 (95%C.L.)
OEI 111 I | | | | | | | | | ||I$I 1 1 | | I*I | | Ii#IE Ii'I
Do T R S0 e A * Sequential suppression of Y{(n$S)
par in order of binding energy

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

§ _I | I L) | I | LI : | | L I L | L | LI I_ § _I | I L) | LI | LI : | | L I L | L | LI I_
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1ol ¢Y(15) Ling = 150 ub ] J ol ¢ CMS data e CMS data ]

“L Y (2S - =L B Primordial N Primordial i

N (25) lyl<2.4 - . — Regenerated - Regenerated -

’ ] ’ i Il Total Il Total 7

-\ M. Strickland 3 - l 3

I %E}g% jﬂng = g ] . Nuc. Abs. ]

L \e\ o e e , dnn/s = 7 B

0.8\:\ . — Y(S) dnnfs=1 ] 0.8f |

LR\ + ngg%’ jmlﬁs - g i i i

HRt . B - Y(2S), 4nn/s = 7 - .

0.6~ |1 + +— Y(2S), 4nn/s=1 0.6 -
0.4 (& 0.4
0_2:_ ,,,,,,,,,,,,,,,,,,,,,,, 0.2:—

- e T - + R +:

0 0 |mo—|_o_|_l_l | poa g |+ iy
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Strickland arXiv:1207.5327 Npart Rapp et al. EPJ A48 (2012) 72 Npart

« 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
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@ [ CMS Preliminary 0-100% 1
127 PbPb\ sy = 2.76 TeV 7
b i
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0sl” Y(3S) (ly| < 2.4), 95% upper limit b
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. = promptJ/y (6.5 < p, <30 GeVic, ly| < 2.4) i
0-6[~% Y(15) (ly| < 2.4) ]
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Binding energy [GeV]
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Charmonia at lower pr

- P(2S) suppression have too large
uncertainties to draw a conclusion

Charmonia at higher pr

- J/W are more suppressed than
RHIC energy

- P(2S) is more suppressed than J/y

Bottomonia

- Clear ordering of the suppression
of the Y(nS)

Measured quarkonia family shows
sequential melting as a function of
binding energy

21
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Non-prompt J/W

* Partons in the medium lose energy by inelastic/elastic collisions
 Dead-cone effect
- Small-angle gluon radiation for heavy quarks is reduced

« Raa(light hadrons) < Raa(D) < Raa(B)

Y.L. Dokshitzer, D.E. Kharzeev, Phys. Lett. B 519 (2001) 199
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Non-prompt J/Q Raa

$ LR L L L L L LA IR LRI § _"'|"'|"'|"'.\".'l"'\"| I TPTTTprTIprTT] $ _'IC'Mé'F)‘rlellir‘nilnla:rl‘llll‘IIII T
o 1.4~ CMS Preliminary ~ £ 1.4 CMS Prelimina — o 14 , y .
- PbPby /s, =2.76 TeV ] " PbPb\ s, =2.76 TeV ] - PbPb\ sy, =2.76 TeV ]
120 a4 12f ~ 121 .
i ] 1F ] if

0.8 1 o8l - osf .
- + Non-prompt J/y- - Non-prompt J/y- - Non-prompt J/y-
06 + 1 osf + - 0.6F 4
- * ] N } . i .
C * ] i ] i ]
0.4 * x —  04r } + } + - o4 =+L+ + ]
02f |y <24 Z 0.2} Cent 0-100% - o2l Cent. 0-100%—

[ 65 <Py <30 Gelic - A 6'|5<||:’T<|30 G‘ueV/CI: el el i | | | | |y|<2'\4
Uo""slo"'iclyd"iéd"éclyd"ésld"ééd"ésld"ﬁoc O 02040608 1 12141618 2 2224 o5 70 15 20 25 30

Noar lyl p. (GeV/c)

* Non-prompt J/P 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, ly| € 2.4 region
- 0-5% centrality events shows suppression by a factor 2.5

« A hint of rapidity or pt dependent suppression

CMS PAS HIN-12-014
https:/itwiki.cern.ch/twiki/binlview/ICMSPublic/PhysicsResultsHIN12014
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Non- prompt J/tIJ RAA Comparison to theory
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e Raa of non-prompt J/W as a function of J/U p7 is compared to theoretical
calculations as a function of B pt (note: B pt > J/W pT)

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

- CMS PAS HIN-12-014
« D meson Raa » Non-prompt J/W Raa  atiee: mep os (2012) 112
as a fUﬂCtiOn Of Centra“ty Vitev: J. Phys. G35 (2008) 104011 + priv. comm.

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/U Raa : Double differential
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 Centrality dependence is observed on all rapidity region
« At forward rapidity, lower pt (3 < p7< 6.5 GeV/c) is accessible

- Lower p7is less suppressed than higher pt
CMS PAS HIN-12-014

https:/itwiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN12014
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4~ CMS Preliminary
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