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Overview of heavy-ion results from CMS : BEyungsik Hong’s plenary talk
(Nov. 14t 14:30)

Motivation of the study
« Muon reconstruction mechanism in CMS

Results (2010 analysis — 2011 analysis)
— Charmonia — prompt J/p, P(2S)
— Open heavy-flavor — non-prompt JAy

— Bottomonia — Y(1S, 2S, 3S)
¢ Summary

Based on the result from Quark Matter 2012

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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Theoretical motivation

From Matsui & Satz PLB 178 (1986) 416

 Heavy quarks produced in the initial hard-scattering

Process

* Melting of quarkonia caused by Debye screening

2

—
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Color Screening

Perturbative Vacuum

E. Scomparin, CERN seminar (06/11/2012)
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Different bound states of quarkonia which =Tc
binding energy and radius lead to
sequential melting of the states
with increasing temperature

T/Te 1/r) [fm]
a

Y(15)
Xb(lp)

J/p(1S) Y'(2S)

X (2P) Y"(3S)
x(1P)  w'(25)

Mocsy, EPJ C 61 (2009) 705
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[H.Satz, hep-ph/0512217]

Experimental motivation [gsg el ® oane
Puzzles I @ inin sps. t e enhanced
« Similar Jhp suppression e
at the SPS and RHIC . Energy density (GeV/fmi
_ despite 10 higher \/SNN H. Satz,ghep-ph/0512217
« Suppression does not increase | ... Nuclearmodification factor
with local energy density 1l O PHENX, AusA, B1<D30.2 1250 syt
— Rpa(forward)<Rpa(mid :  NASD. i, ey 215 11% syt
AA( ) AA( ) 08 3 ] 00 NA38, S+U, 0<y<1, + 11% syst.
: . . |
* Possible ingredients 0.6 Wé @
— regeneration I [%
— cold nuclear matter effects 0.4~ 7 ; ) E <>@ b .
i + i
_ I
.« We expect the hint from LHC A }
— >10x higher energy + higher luminosity [/ 0

— more # of charm (possible to regenerate) ° 32100 150 200 250 300 330 __400

— more # of bottom — a new probe : Y A A Noart A~
PHENIX, PRL 98 (2007) 232301

s | PRC 84 (2011) 054912
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CMS muon reconstruction mechanism

4

Global muonsreconstucted ‘
with information from

inner tracker and muon stations

 Further muon ID based on track
quality (2, # of hits)

CMS /!
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Prompt, non-prompt J/p signal extraction

Inclusive J/hy N\
Non-Prompt Jiy | LRSS
Prompt Jiy from B decays - _ X
%, 0.2 9 -y
5 33 340
: ’ oz ‘2.8"2"9 1w
* Reconstruct p*y~ vertex —wn
[ A N non-prompt J/y
) Separation Of prompt and 103— - - - background
] 09<lyl<1.2

80< P, < 10.0 GeV

non-prompt J/ ¢ .
— by 2D simultaneous fit of y*p~ mass
and pseudo-proper decay length

U_ _ # {
miy g I SR lival]. SRR

_____ 4 05 0 0.5 1 15
pPr ny
CMS /!
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J/y mass region
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Prompt J/p Ry results (2010) et diRE .
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TanNus  Npp(J/9)  €pbpb i -
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< - B i
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N = Prompt JAp ] 041~ g
1.2~ 7] - 8 -
. ] 0.2f Cent. 0-100%—
N - lyl<2.4 ]
1l . N S T R T T —

B i P, (GeVic)
0.8/~ - < [T T T
- i 0C 14  CMS PbPb \sy, =276 TeV ]
0.6_— + . 1.2:_ = Prompt JAp _:
0.4 -] 1_.
. + T 0.8 .
0.2~ lyl<24 . N ] 06:_ E
- 6.5<pT<30 GeV/c . B ]
O_I A A A A N N N |_ 0_4_— }——E
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N 0.2]- Cent. 0-100% -
@ part @ - 6.5<p, <30 GeVic -

b b b b b | | | | | |

N
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Prompt Jp Ry, results (2011) g

Raa = Lop  Npoeo(J/¥) €pp
TaaNvp Npp(J/9) epbpy

= 1.0 CMS Preliminary -

PbPb\ /sy = 2.76 TeV :

1.2 E

—h
T [ B T
| [ |

0.8 + Prompt J/p
0.6 ' Suppressed by
- X " factor 5
0.4 e
B ]
: ]
0.2~ lyl<24
- 65<p <30 GeV/c
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
OO 50 100 150 200 250 300 350 400
@ - @
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' CMS Preliminary
PbPb\/syy =2.76 TeV

0.8 Prompt JAhp
0.6[ .
0.4 -
- — -
0.2 Cent. 0-100%
u lyl<2.4
0_ 11 1 I L1 11 I ) I T I ) I T I | N I |
0 5 10 15 20 25 30
P, (GeV/c)
T T ‘ 1T ‘ 1T ‘ T \7
1.4F CMS Pr mma —
" PbPb\/s;y = 7>é TeV g
121 -
e
0.8 Prompt JAp
0.6 .
0.4 " -
SR SR O
0.2 Cent. 0-100% f
- 65<p <30GeV/c
07 Ll \ v b b By Ll Ll

0 0.2 0406 08 1 12141618 2 22 2.4
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Prompt JAp R, @ Y & pr dependence on centrality

m:((1.4_||C|;|M|S||F|)re|||”ir;lnla|.r|y||II||I||I|I||I|IIII__ m:(t1.4_l|b|M|S||F|)re|I|Ir|r;In|a|.rlylIII||I||I|I||I|I|||__
[ PbPb\/s,, =2.76 TeV ] [ PbPb\/s,\ =2.76 TeV ]
1.2F . 1.2F .
. Prompt JAhp . : Prompt Jhp ]
1_ o lyl1.2 ] 1: ¢ 6.5<p_<30 GeVic 7
0.8 m 1.2<lyl<1.6 N 0.8 +3<p.<6.5GeVlc ]
i * ¢ 1.6<lyl<2.4 ] i # + ]
0.6 # - 0.6 ‘ -
. * i . * Y * i
0.4 @ ] 0.4 ¢ + ]
B ‘ A B ¢ ¢
0.2~ & 0.2 —
" |6.5<p_<30 GeVrc| ] | 1.6<lyl<2.4 | 1
_I 111 1111 1111 1111 1111 | L 111 | 1111 | 111 I_ _I 111 1111 1111 1111 | 1111 | 1111 | 1111 | 111 I_

% ""50 100 150 200 250 300 350 400 %50 100 15|o 200 250 300 350 400

Npar CMS-PAS HIN-12-014 Npar
No strong dependence on rapidity Hint of less suppression at lower p;
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Prompt Jhp R,a : theory comparison

< _I T TT | T TTT | T TTT | T TTT | T TTT | T TTT | T TTT | T TT I_ < T I T T T T 177 T T 177 T T T°1 | T T T T | T T 177 ]
o 1.4 CMS Preliminar 4 14 MS Preliminary —
[ PbPb\ /s, =2.76 TeV ] i Pbe\/sN =2.76 TeV Z
12 - 1.2 .
L. = Prompt J/yp i 5 = Prompt Jhy i
1 1
B \‘ R. Rapp & X. Zhao : B RlShi,ViteV: 0'100% :
:“:.3 _ Prompt J/w (V=U) | |:| CNM E-loss + coll dissoc, Tfl11 A
08__ ".--‘:;\ ..... Shadowing 7] 08__ [ | CNME-loss + coll dissoc, T i
_+ “\“ | * 4444444444 Cronin | | |
0.6 = \+ ----- Formation time 7 0.6 B 7
[ e j B j
0.4 ) — 0.4+ ]
B > ] B e " ]
0.2F Iyl <2.4 T Y 0.2F Cent. 0-100%
- 65<p <30Gevle 7 S - lyl<24 -
I | 1 1 I | | 1111 | 1111 | 1111 | 1111 | I - | I 111 1 | 111 1 | 111 1 | 1 1 1 1 | I | 11 1 1
0o 50 100 150 200 250 300 350 400 % 5 10 15 20 25 30
\ p_ (GeVlic)
NPA 859 (2011) 114 + private communication arXiv:1203.0329 + private communication
* No need for regeneration to describe data at high p; region

CMS./ |

Treatment of quarkonia energy loss similarly as open flavor energy loss,
without color-octet included, is not supported by data

Hyunchul Kim ATHIC 2012, Busan 10 @



non-prompt J/ip results (2010, 2011)

AA

= ] - CMS Prellmlnary ]
C 14 = oC 1.4
CMS PbPb \/s, = 2.76 TeV :  PbPb\ 5,y = 2.76 TeV :
* Non-prompt J/ap - |
1.2 JHEP 1205 (2012) 063 1.2 CMS-PAS HIN-12-014

Suppressed by

0.8 0.8

—
||||||||||||||-||||||||
—
LI LA LA LA L o SO B

20-100% 0-20% i + factor 2.5
0.6 - 06 x _
i i * ]
0.4 + + - 04 .
0.2 Iyl <2.4 + 02l yi<24 -
- 6.5<p, <30 GeV/c i - 65<p <30 GeV/c .
I | | | | | | | | 1111 | | | | | | | | | | 1111 [ | [ | [ | 1111 | 1111 | 1111 | 1111 | 111 ]
R T R T N R B e I o T T T T T T
Npart Npart

« Centrality dependent suppression of non-prompt J/p is
observed
* Directly measuring the b-quark energy loss in the medium

CMS, /|
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_non- prompt J/w results (201 1)

< T

cr: 1_4‘ ' CMS Preliminary

< [ ] ]
C 1.4 Pr m|na - -
: be\/sN = 7>€ISTeV : - PbPb\ /sy = 2.76 TeV 1
“  Rapiditydependence  '°  pdependence
1I 1I
0.8 Non-prompt J/ 0.8/ Non-prompt J/p
0.6/ + - 0.6/ + -
0.4 + , + = 0.4~ | * -
0.2~ Cent. 0-100% - 0.2 Cent. 0-100%
- 6.5<pT<30 GeV/c i - lyl <2.4 ]

||||||||||||||||||||||||||||||||||||||||||||||| | | | I | I | L1 1 1 | I | |
% 02040608 1 12141618 2 22 24 % 5 10 15 20 25 30

lyl CMS-PAS HIN-12-014 P, (GeVic)

 In mid-rapidity region, non-prompt J/p is less suppressed
than in forward region

* non-prompt J/p in low p+ is slightly less suppressed than in
high p+

CMS
| Hyunchul Kim ATHIC 2012, Busan 12 @
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non-prompt JAip Raa @ Y & pr dependence on centrality

m} 1.4._| IICIMISI IPIreIIIIrir]IInIaI.rIyI T TTT | T TTT | T TTT | TT II__ m§ 1.4__| IICIMISI IPIrellllrlr;InIaI.rlyl T T TT | T TTT | T T TT | T T II__
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1.2F - 1.2F .
. Non-prompt J/y ] . Non-prompt J/y N
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i ¢ 1.6<lyl<2.4 ] i & ]
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% 50 100 150 200 250 300 350 400 Oo 50 100 150 200 250 300 350 400

Noart CMS-PAS HIN-12-014 Noart

* In forward region, low p; J/ip has strong centrality dependence and less
suppressed than high p; JAp
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non-prompt J/ip R, : theory comparison

< 1T T 71 | 1T 1771 | 1T 1771 | T T 71 | T T 71 | 1T T 71
=< [ CMS Preliminary itev: 0-10%. v ] : :
o 1.4 Vitev: 0-10%, y~0
pupmy s, cara ey et iow mmmnep MOGe! InVOIving only
s wososoevo 1 radiative energy loss and
5 B FachCollE lose 1 cold nuclear matter effects
B Buzatti: 0-100%, y~0 7] . .
12 mm ceeemnay | ClEArlY fails to describe the
0" a7 | data
0.6 _ Vitev: J. Phys.G35 (2008) 104011 +
- — private communications
0.4 ] Horowitz: arXiv:1108.5876 + private
- * Z communications
0_2:— i bequarks: 0-100% hi<2.4 _: Buzzatti, Gyulassy: arXiv: 1207.6020+
- (via secondary J/p(u'y)) . private communications
o) EREE Lo v v v v b v v b by He’ Fnes’ Rapp
0 5 10 15 20 25 30

PRC86(2012)014903+ private

P; (GeV/c) communications

Within large uncertainties, data is described with various
theoretical scenarios.

Hyunchul Kim ATHIC 2012, Busan 14 @



Comparison with ALICE results

arXiv:1203.2160, CMS-PAS HIN-12-014

< IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

_ PbPb\/s,, =2.76 TeV ]
B E ALICE: c-quarks ]
1.2 0 4 te ]
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_ 6<p <12 GeV/c, lyl<0.5 _
1
B b-quarks i
0.8 B via secondary J/y(u )]
- * 6.5<pT<30 GeV/c),lyl<2.4-
0.6~ ﬁ * ]
i * i
0.4~ ﬁ S w . -
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) ] Raa < Raa
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0 50 100 150 200 250 300 350 400
Npart
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P(2S) in pp & PbPb at \sy = 2.76 TeV (2011)

PAS CMS-HIN-12-007

Low-p,, forward region (p>3 GeV/c and 1.6<|y|<2.4)

—~ T T T | T T T | T T T | T T T | T T ~~~ 4_I T | [ | LI | [ | LI T
3 SN PbPbh IIENCMNSMIINE D [
S [ CMS Preliminary S [ CMS Preliminary ]
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10° - 16<lyl<24 - / ]
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Ry(2s) 9 %X Ry2s)
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P(2S) in pp & PbPb at \sy = 2.76 TeV (2011)

PAS CMS-HIN-12-007

High-p;, mid-rapidity region (p>6.5 GeV/c and |y|<1.6)

(\Tc')\ _| L I | T .| L L Pbe ]
S | CMS Preliminary 1
O N,,: 3211+ 65

g | PPPb \s\=2.76 TeV g 0024 0.00s -
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Q - =-:background -
LIJ - —

10°1- ¢ t

0-20%] lyl < 1.6

TIT

6.5 <p, < 30 GeV/c

26 28 3

i Hyunchul Kim

32 34 36
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3.8

4

4.2 2

ATHIC 2012, Busan
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lllllll

o) [T
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(28) results (201 1)

10_||||| ||||||||||||||||||||||
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= i :
~, Vi — T
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E E
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RO 1007 (4h(28)) = 1.540.32(stat)+0.22(syst)H0.76(pp) IRl R e

CMS /1

CMS-PAS HIN-12-007

| Hyunchul Kim

ATHIC 2012, Busan

RO19% (4(28)) = 0.1140.03(stat)40.02(syst)+£0.02(pp)
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Y results (2010)

III|IIIIIIIII|IIIlllllllllllllll

N§ %F « data CMS pp Vs = 2.76 TeV -
(0] T -
G 70E fit lyl <2.4 E
T 0<p, <20 GeVic ]
e 60:—p$>4GeV/c L = 231 nb” =
o T .
0 - o = 92 MeV/c? (fixed to MC) -
40— =
30 E
20— E
10
117 | | I I | | I I | | I | | 1 1 1 | 1 11 1 | 1 1 1 I_
m,,, (GeV/c?)
_ +0.16
Nr(2s+38)/Nras)lpp = 0.78 ¢ 14 £ 0.02

14

Nr(2s+38)/Nris)|pbPb

Double
ratio

CMS /1

Hyunchul Kim

Nr(2s+38)/Nr1s)pp

Y (2S+3S) is relatively suppressed with Y (1S5)

_I L | L | L l L | L | L | [ I_

[aV]
<§ [ e data CMS PbPb s, =2.76 TeV ]
60 —
8 [ — PbPbfit Cent. 0-100%, lyl < 2.4 .
N pp shape O0<p <20 GeV/c ]
S 30F Pl >4 GeVic L, =7.28ub’ -
N ]
(7)) - _
-'GE.) 40— ]
o o = 92 MeV/c? (fixed to MC)
30 I8 -
- Thix .
20— * 1 _%
10 _ H+ . +*

1 1 1 | | I - | 1 11 | I 1 11 1 | 1 1 1 | | 1 11 1 | 1 11 |
"% 9 10 11 12 13 14
m,, (GeV/c?)

+0.13

Ny(2s+3s)/Nrasy|popp = 0.247 575 £ 0.02

=0.317912 £0.03

PRL 107 (2011) 052302
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Y results (2011)

(:\50_||||||l||]|||||||||||||||||l||||||_c:l-\800_—r||||||||||||||||||||||||||||||||1—_
(&) o _ &) - _
> - Preliminary CMS pp {s =2.76 TeV 1S 700: Preliminary ” CMS PbPb |'s, =2.76 TeV
(O] [0)) — _|
O Z lyl <2.4 171G [ e data Cent. 0-100%, lyl < 2.4 ]
s T ol > 4 GeVic 7 S oo — PPt [| Ly =150u0" E
= — L, =231 nb™” 1< C ot pp shape pi >4 GeV/c .
%) B 71 0 - -
€ T 4 € 500 ; -
o 30— 19 N 11 & ]
U>.| : i s data : | C .
: — total fit 1 400p .

20 Ty background 1} o hardly visible
i i B peak for Y(3S)

I 1 200F ' ]
°F : *W

- [.... * }L 100 PYRINT

0 g|111111||11111*111|}111111|1¥_ N i

IIII|IIII|IIII|IIII|IIII|IIII|IIII
7 8 9 0 1 12 13 14 v 8 9 10 11 12 13 14

m,, (GeV/c?) m,, (GeV/c?)
Ny (28)/Nrs)lpp = 0.56 & 0.13(stat.) £ 0.02(syst.)  Nr(2s)/Nr@s)|pbpp = 0.12 & 0.03(stat.) & 0.02(syst.,
Nr(35)/Nys)lpp = 0.41 £ 0.11(stat.) & 0.04(syst.)  Nr(ss)/Nras)|popp = 0.02 + 0.02(stat.) & 0.02(syst.,

< 0.07 at 95% C.L.

arXiv:1208.2826
(accepted by PRL)

With improved statistics, separate Y (2S) and Y (3S)

cMs, 1
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Y (nS)/Y (1S) Double ratio (2011)

PP

|

2 1.4~ CMS Preliminary, PbPby(s, =2.76 TeV —
z [ —$— stat. unc. L., =150 ub™ i
(@/ 1.2~ syst. unc. ly| <2.4 ]
N . ]
é‘ 1_ pPp unc. pT >4 GeV/c _ INT(2S)/NT(1S) |Pbe
g T |
& L ) | Nr(28)/Nr@s)lpp
= N ]
- 0.8— —
= - 40-50% .
(z‘ N 20-30% ]
= 0.6 50-100% S0-40% 0_50/__
04l s * * 10-20%  510% | _
O_I L1l | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 1 | | |
0 50 100 150 200 250 300 350 400
Npart
| An N (3s)/Nv(1s)|PbPb
< & &

CMS /1

 Measured Y(2S) double

ratio vs. centrality
— centrality integrated:

= 0.21 + 0.07(stat.) + 0.02(syst.)|

— no strong centrality
dependence

* Upper limit on Y(3S)

— peak at PbPb is hard to
) distinguish : set the upper limit

arXiv:1208.2826
(accepted by PRL)

| Hyunchul Kim

— centrality integrated:

= (0.06 &= 0.06(stat.) &= 0.06(syst.
N (ss)/Nr@s)lpp ety (

< 0.17 at 95% C.L.

ATHIC 2012, Busan 21 @




Y(nS) Rus (2011)

Raa

Lpp  Npppp(T(nS)) epp

first results on Y(2S) Ry

:TAANMB Npp(T(nS)) epbpb

<

g [
‘1.4~ CMS Preliminary, PbPb ys, = 2.76 TeV

1.2

0.8
0.6
0.4

0.2:—

IIIIIIIIIIII[IIIIIIIII

IIIIIIIIII[IIII

+Y(1S) L, = 150 ub™ B

B Y (2S) ly| <2.4 i
1ﬁ+ ]
B 30-40% |
40-50% 20-30% -

[ 50-100% * i
+ + 10-20% ]

5-10% 0-5% |

|

* similar suppression pattern
between Y(1S) and Y(2S)

* Y(1S) suppression is
consistent with suppression
of excited state only

considering ~50% feed down
* Y(1S) Rya > Y(2S) Rys > Y(3S) Rya

Lo l |

|1'|‘{'1%L

0

O_IIII

50 100 150 200
N

e

arXiv:1208.2826

(accepted by PRL)

| Hyunchul Kim

250 300 350 400 Y(3S) Rpa (95% C.L.)

A
Raa(Y(1S)) = 0.56 =+ 0.08 (stat.) & 0.07 (syst.)
Raa(Y(2S)) = 0.12+0.04 (stat.) = 0.02 (syst.)
Raa(Y(3S)) = 0.03 £ 0.04 (stat.) == 0.01 (syst.)
< 010 (95%C.L.). 22 @



Y(1S) and Y (2S) Ry, - theory comparison

g _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ g IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
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Y(1S) and Y(2S) results are consistent with the theoretical
model within uncertainties
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Summary
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+ In central collisions, R,,ohm < R, ,botom =¥

« CMS results show the sequential melting of quarkonium states
— Hot and cold matter effects have not been disentangled yet.
— pPb run will be important to quantify cold nuclear matter effects.

CMs, |

We will prepare and expect the result from pPb collisions in 2013. E¥i1 @






