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« Motivation of the study
* CMS detector(Muon reconstruction mechanism)
Results (until Quark Matter 2012)

— Charmonia
o prompt Jhp
* non-prompt Jhp
* P(23)
— Bottomonia - Y (1S, 25, 3S5)
: Byungsik Hong’s talk (Next session, 3" talk)

¢ Summary

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

Use sequential melting of the quarkonia states as the
thermometer of the hot and dense matter

Perturbative vacuum Hot-dense matter T/Te 1/r) [fm]
I_'c 2 |- | Y(1S)
o _
= - Xb(lp)
1.2\l 7/(15) Y'(25)
O
O ‘ ] ]
= <T /Ml % (2P) Y'(3S)
A4 x(1P)  w'(2s)
O
T, Debye screening length @ light quark
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. . . PHENIX, PRL 98 (2007) 232301
PRC 84 (2011) 054912
Experimental motivation paSsiEiiEcam
* Puzzles from SPS and RHIC
— Similar Jhp suppression at :
SPS(< 20 GeV) and RHIC(200 GeV) = 4
— Suppression does not increase

with local energy density 0.8
Raa(forward) < Rya(mid)

Nuclear modification factor

I T
D!

® PHENIX, Au+Au, |yle[1.2,2.2], + 7% syst.
O PHENIX, Au+Au, |y|<0.35, + 12% syst

< NAS50, Pb+Pb, 0<y<1, + 11% syst.

O NABO, In+In, O<y<1, + 11% syst.

0O NA38, S+U, O<y<1, + 11% syst.
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— Possible answers
regeneration?
cold nuclear matter effects?
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e LHC can give the hint Npart
— higher energy(PbPb@2.76 TeV, pPb@5.02 TeV)
— higher luminosity(peak instant luminosity : 0.5 Hz/ub@PbPDb)
— more charm (possible to regenerate)
— more bottom — a new probe : Y
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Summary of Pb-Pb collision from LHC

 Pb-Pb collision

— 2.76 TeV per nucleon pair
— ~1 month per year
in 2010, 2011

— Integrated luminosity
. 2010 :7.28 ub"’
« 2011 :157.6 ub-'recorded
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* pp collision@2.76 TeV per nucleon
— For comparison with Pb-Pb collision@2.76 TeV per nucleon pair
— Equivalent statistics compared to the integrated luminosity of the

2010 HI run
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CRYSTAL
ELECTROMAGNETIC

cMs, |

CMS detector

Silicon Trackers

CMS DETECTOR

STEEL RETURN YOKE 5
Total weight : 14,000 tonnes 12,500 tonnes Plxel (100*150 Mm) =~ 16m2, 66M Channels
vl o e Microstrips (80*180 um) ~ 200m2, 9.6M channels

Magnetic field :3.8T

Muon chambers
Barrel : 250 DT, 480 RPC
Endcaps : 468 CSC, 432 RPC

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels

P
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CMS muon reconstruction mechanism

4

Global muonsreconstucted ‘
with information from

inner tracker and muon stations

« Apply with additional further
muon ID quality cut (>, # of hits)
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Acceptance and Efficiency

30

pi (GeV/c)

S gg%?kmugtgeﬁ o ;a—s' _ « Because of the magnetic field
8 ol pps— §7€Tev R and energy loss (2~3 GeV) in
o piRromptdal e TR F the iron yoke, Global muons
2ob e R A R need minimum p  to reach
o the muon stations
= (3~5 GeV, depending on 1)
F * Limits Jhpy acceptance
5t — mid-rapidity: p; ,;,,>6.5 GeV/c
s — forward: p; ,,,>3 GeV/c
y
I ST ettt . Efficiencies are
5o A B v ~~ evaluated with MC
5 os i' PORD (g =276TeV - 5 0s S Prominans « Crosschecked with
y A E Y roeo js,-276v | tag-and-probe
ERN - method in data and
P ER e MC
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Prompt, non-prompt J/p signal extraction

Inclusive J/yp

Non-Prompt J/y
Prompt JAy from B decays

- Reconstruct p*u— vertex w {{PRTTeV S
[ A N non-prompt J/y
« Separation of prompt and o peckarond
] 09<lyl<1.2
non-prompt J/ ¢ o
— by 2D simultaneous fit of y*u~ mass T
and pseudo-proper decay length . 10 1 n
/ — T Mj/y B % b ‘zH!HH% Gdys" { M
J/v — Hzy — L - 4 05 0 05 1 15 I2[mm]2'5
pT Xy Wy
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| Hyunchul Kim CMS-PAS HIN-12-014 9 QQG




Prompt J/ip R, @ centrality dependence

CMS-PAS HIN-12-014

< IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII < [TTTTTTTTTPETTTTTTTTTTTTTT | IIIIIIIIIIII

< i _ = CMS Prellmlnar _
@ 1.4 CMS PbPb |sy = 2.76 TeV 1 o 145 PDPO\ S 0 2. 73(’3 Tov 1
- - - N -
- m Prompt JAp 7 B N
1.2_— 7] 1.2? m
1. 1I .
08f" E 081 Prompt JAp -
. 6: + ) o ' 4 i
O E O 4y E
[ + i B g " i
0.4 + — 0.4 LI -
- ] - . ]
- * — — . . -
0.2~ lyl<2.4 B 0.2~ lyl<2.4 -
- 6.5< p, < 30 GeV/c . - 6.5< p, < 30 GeV/c
_I 111 | | .| | | | | | | | | | | | | | | | | 111 I_ 7I L1 | L1l | | | | L1 | L1 | L1l | L1l | L1 I7
% 50 100 150 200 250 300 350 400 % 50 100 150 200 250 300 350 400
Npan Npart

With more statistics binning is more finer
Suppressed by factor 5 in most central collision
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tJ/xp RM Yy & P dependence

< ||| ||||||||||||| T | | |||_ [ T T ]
o 1.4 CMS Preli inar — cr: 1.4 CMSP Prellmlnary —
PbPb\ /s,y = 2.76 TeV : - PbPb\syy = 2.76 TeV :

12 - 12 -

—
I|III|III|II-II|III|I_
—
III|III|III|III|II-II|I

0.8 Prompt JAp 0.8 PromptJhAp
0.6 - 0.6 _
0.4 | - 0.4 -
o — e o i

0.2} Cent. 0-100% - 0.2 Cent. 0-100%—
- 6.5<p_<30GeV/c lyl <2.4 .

_I 1 1 | 111 |-II—I | | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 1 1 I_ 0 | | | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 1 1 | I_

% 02040608 1 12141618 2 2.2 24 0 5 10 15 20 25 30

GeV/c
lyl CMS-PAS HIN-12-014 Py ( )

* No strong dependence on p; and rapidity
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Prompt JAp R, @ Y & pr dependence on centrality

Rapidity dependence pr dependence
m} 1.4_I IICIMISI IPIreIIIIrir;InIaI.rIyI T TTT | IIIIIIIIIII I__ m} 1.4_I IICIMISI IPIreIIIIrir;InIaI.rI)/I T TTT | IIIIIIIIIII I__
[ PbPb\/s,, =2.76 TeV ] [ PbPb\/s,\ =2.76 TeV ]
1-2:_ - 12F .
. Prompt JAhp . : Prompt Jhp ]
1; o lyli.2 . 1: ¢ 6.5<p_<30 GeV/c | 7
0.8 m 1.2<lyl<1.6 n 0.8 +3<p <6.5CGeVic ]
B * ¢ 1.6<lyl<2.4 ] B # + ]
0.6 # - 0.6 ‘ -
. * i . t Y * i
0.4 @ ] 0.4 ¢ + ]
i L ¢ B ¢ ¢
0.2 § 0.2 -
" |6.5<p.<30 GeV/cI g | 1.6<lyl<2.4 | ]
IIIIIIIIIIIIIIIIIIII | 1 111 | | | | 111 I_ L1 11 | | L1 11 L1101 | L1 11 | L1101 | L1 11 | 111 I_
OO 5IO 1 Cl)O 1 5|0 200 250 300 350 400 OO 5|O 1 (I)O 1 50 200 250 300 350 400
Noart CMS-PAS HIN-12-014 Noar
* No strong dependence on rapidity At forward rapidity region, there
at higher p; region might be suppression of lower p; JAp
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Prompt Jhp R,a : theory comparison

o 1.4 CMS Preliminar
PbPb\ /s, =2.76 TeV

AA
A

m( 1.4IIIIéIPIrlelllrr1llrllé.rlyIIII|IIII|IIII
PbPb\ /s, =2.76 TeV

1.2 1.2

m Prompt JAhy m Prompt JAhyp

Rishi,Vitev: 0-100%

R. Rapp & X. Zhao

i

: "'c;\c\ _ Prompt J/w (V=U) : : |:| CNM E-loss + coll dissoc, Tfl11 x:
0.8 _____ Shadowing ] 0.8~ [ ] CNME-loss + coll dissoc, T, —]
_+ “\“ | * 4444444444 Cronln | L |

gl P Formation time ] B i
06— \U — 0.6— —
- \+ B ] : :
0.4 ) — 0.4 _
B \ j B S L " }
0.2F Iyl <2.4 ST Y 0.2F Cent. 0-100%
- 65<p . <30Geve 7 T - lyl < 2.4 -

I | 1 1 I | | 1111 | 1111 | 1111 | 1111 | I - | 111 I_ i 111 1 | 111 1 | 111 1 | 1 1 1 1 | I | 11 1 1 |

00 50 100 150 200 250 300 350 400 00 5 10 15 20 25 30

Noart P, (GeV/c)
NPA 859 (2011) 114 + private communication arXiv:1203.0329 + private communication

 In the high-p; region, no need for regeneration to describe data
« Treatment of quarkonia energy loss similarly as open flavor energy loss,
without color-octet included, is not supported by data
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non-prompt JAip R, : centrality dependence

< T'TTT | T T1 | T T1 | ' TTT | T T1 | T T1 | T T1 | T T1 < T 1T T 1T ' T TT | ' T TT T'TTT | T'TTT T'TTT T'TTT1
= AF 1 %, CMS Prellmlnary i
o 1.4 MS PbPb \| =2.76 TeV - @ 1.4 ]
- CMSPbPb\sy=2.76Te 1 - PbPb\/s, = 2.76 TeV .
- * Non-prompt J/p - B -
1.2~ JHEP 1205 (2012) 063 1.2~ m CMS-PAS HIN-12-014
N 2010 " -
0.8 B 0.8 Suppressed by
" 20-100% 0-20% y B + factor 2.5
0.6/ —+  osf * _
- i - X w ]
0.4 + + 4 04f -
0.2 Iyl <2.4 + 02l yi<24 —
- 6.5<p, <30 GeV/c i - 65<p <30 GeV/c .
|||||||||||||||||||||||||||||||||||||II |||||||||||||||||||||||||||||||||||||||_
00 50 100 150 200 250 300 350 40C 0O 50 100 150 200 250 300 350 400
Npart Npart

« With more statistics we observed the centrality dependent
suppression of non-prompt J/yp.
« Directly measuring the b-quark energy loss in the medium
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non- prompt J/xp R 'y and p+ dependence

< B T ] < [T t | | _
& 14f CMS Prel mlna7y - & 1.47- CMS Preliminary -
- PbPb\/sy = 2.76 TeV ] - PbPb\ sy = 2.76 TeV ]
120 _— = 120 -
- Rapidity dependence i pr dependence )
1I . 1I -
0'8:_ Non-prompt J/p- 0'8; Non-prompt J/-
0.6/ * - 0.6 + =
0.4~ ko - 0.4/ ++ .
0.2~ Cent. 0-100% - 0.2 Cent. 0-100%
- 6.5<pT<30 GeV/c i - lyl <2.4 g

III|III|III|III|III|III|III|III|III|III|III|III 1 1 1 | I 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)

« non-prompt JAp is less suppressed in mid-rapidity region
than in forward region

* non-prompt J/ip in lower p is slightly less suppressed than
in higher p+
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non-prompt JAip Raa @ Y & pr dependence on centrality

Rapidity dependence pr dependence
CMS-PAS HIN-12-014
14 CMS Preliminary ] = 1. CMS Preliminary E
- PbPby\ /sy, =2.76 TeV ] . PbPby\ /sy, =2.76 TeV j
1.2F - 1.2F .
Non-prompt J/p ] . Non-prompt J/p

1 1
- o lyl<1.2 1 - ¢ 6.5<p_<30 GeVic

n 08 - + 3<pT<6.5 GeV/c

0.8:— + m 1.2<lyl<1.6

¢ 1.6<lyl<2.4

1 o
sUREETPENS B L LR

: ; L : o
0.2— — 0.2 —
" 6.5<p,<30 GeV/c : - [1.6<lyl<2.4] :
_I 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | 111 I_ _| 111 | L 111 | L 111 | L 111 | | | | L 111 | L 111 | 111 |_
00 50 100 150 200 250 300 350 400 OO 50 100 150 200 250 300 350 400
N N

part part

« All rapidity bins at high p; region show centrality dependent suppression
* In the forward region, low p; J/Ap has strong centrality dependence and less
suppressed than high p; JAp
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non-prompt J/ip R, : theory comparison

< T T T 1 | T 11 | T 11 | T T T | T T T | T T T 1
=< CMS Preliminar itev: 0-10%, y~ ] .
T pomoyscemeey Emmizsiow 1 For theory comparison,
- WHDG: 0-80%,y-0 T ] need to shift non-prompt
7] Rad+Coll E loss E J/,q) pT to higher pT Side

Buzatti: 0-100%, y~0
[ CUJET preliminary

1

. JAp pr < B py

0 He,Fries,Rapp: 0-100%,y~0  Within Iarge

| S ransport uncertainties, data is

0.6 described with various
theoretical scenarios.

04 Z % Model involving only

0.0 - radiative energy loss and

"~ —k=— b-quarks: 0-100% Ini<2.4 _

i (via secondary J/Ap(u*n)) i COId nUCIGar matter
0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | | I I |

s 10 15 20 25 30  effects clearly fails to
p.. (GeV/c) describe the data

Vitev: J. Phys.G35 (2008) 104011 + private communications
Horowitz: arXiv:1108.5876 + private communications

s, Buzzatti, Gyulassy: arXiv: 1207.6020+ private communications 7~
' He, Fries, Rapp: PRC86(2012)014903+ private communications 17 Q(LG




b-quark R,, compared with other particles

CMS Highlights from Gunther Roland@QM12
CMS (* preliminary) Pbe\]'.--.NN =276 TeV
I I T

2 —————— — In central collisions
"_ _ 4 —E— *Z (0-100%) p:>20 GeV/c _" charm < bottom

1.8f J Ldt=7-150 kb o0y a-100m) g 25 Govio ] Raa Raa

1.6 — @ lIsolated photon (0-10%) —

14__ b-quarks (0-100%) __ E:E 1_4iI(5I\III|SHHIHH|H”| """""""" :
n (via secondary J/v) | " PbPb\s,, =2.76 TeV i
| ] ‘_ E] ALICE: c-quarks _‘

1.2 er average D°, D*, D™ .

é B * T C 6<p <12 GeV/c, lyl<0.5 _
o’ 1_ » v . .
b-quarks i

O . 8 — ] via secondary J/yp(u*uw) |
L ¢ 1 - 6.5<pT<30 GeV/c),lyl<2.4-

0.6 e — .
5 L9d 0o 9 ol :

0'4_@ ' o¢ ¢ ' — A& * * ]
C o & — : oy r . §

0.2 ) ’. =& Charged particles (0-5%) _ 0ol @ ]
B (0)‘ N B ]

OI ] I ] | ] | l I ] O_""l""l""l""l""'""'""'""_
0 20 40 60 80 100 0 50 100 150 200 250 300 350 400
p,(m,) (GeV)

ALICE : arXiv:1203.2160
CMS : CMS-PAS HIN-12-014
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P(2S) in pp & PbPb at Vsy, = 2.76 TeV

PAS CMS-HIN-12-007

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

— T 1 | T 1 | T 1 | T 1 | T 1 Pbe /\104 __| N L B I B I 20 1 1 ]
Al Al - -
S | CMS Preliminary 1 S [ CMS Preliminary PP .
) - 3510 = 112 O B N, :1046 = 34 .
S POPb |s\\ =2.76 TeV j:?;s) 0105=0020 | © [ pp Vs=2.76TeV RJ/wZS) 0.020 = 0.007 -
< <
S  L,=150 ub1 =(50= 1) MeV/ic?2 1 © 42 lL;, =231 nb =(51= 1) MeV/c? _
© © = ® data .
— e data ~ E A %total fit E
"g % total fit "UE) L % -+ background |
g --: background g ol / -« with R 20/(Pbe)_
W 403 1.6<Iy|<2.4 | m1 = / PbPb fit e
i 3<p,<30GeVic - - % l .
10 by hed ///1,‘_ + + + E
_I L1 | 1 1 | [ 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | L1 I_ I | | 1 1 | 1 1 1 | 1 1 1 | 1 IT | | 1 1 I I 1 1 | |
26 28 3 32 34 36 38 4 42 26 28 3 32 34 36 38 4 42

m,, (GeV/c?) m,, (GeV/c?)

PbPb
Ry(2s) 5 %X Ry2s)PP

limited by pp statistics 19 QQG
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P(2S) in pp & PbPb at Vsy, = 2.76 TeV

PAS CMS-HIN-12-007

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

— R L Pb P b ] —_ 104 L L L R L B 20 1 1 ]
V] A - -
S | CMS Preliminary | S ECMS Preliminary PP -
D ' PbPb 576 TeV J,w . 3211+ 65 o F s N,,: 741 36 ]
g \'Sn EV R, p): 0.024 = 0.008 (3 - pp V\s=2.76 TeV R, s 0:049 = 0.010 |
S L, =150 ub1 =(9:)MeVic2 | S 10°EL =231 nb" 0=(32+ 1) MeV/c? 3
© o - ® data E
ik e data -4 < 7 % %total fit i
-'2 B %4 total fit ] -'UE) ) % background

° -=:+background { @ 10°¢ % - with pré"sj(Pbe)_
w lyl<1.6 1 Y / PbPb fit :
B 6.5 <p, <30 GeVic ] i /‘ I ]
| 105 M /7, E
| 7. w oo

‘I |

102 ¢ ¢ te ¢t ¢ - 1E H *

| | 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | | 1 I_ :| [ | L1 | L1 I L1l | L1 | L1 | 11 | | |
26 2.8 3 32 34 36 38 4 4.2 26 2.8 32 34 3.6 .8 4 4.2
m,, (GeV/c?) w (GeV/c?)

PbPb
Ry(2s) 0.5 % Rw(ZS) PP

.
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(28) results

& 10_| TTT | TTTT | TTTT | TTTT | |||||||||||||||||||||||||||||||| | TTTT | |||||||||||
Low-pT, = | POPb |5,,=276TeV : Pbe F 276TeV ngh pT,
forward :J 9:_ ° 3<pT<30GeV/c,1.6<IyI<2.4 B 1 2__ ¢ 6.5<pT<30GeV/c, lyl<1.6 mld rapldlty
region (C,\l) 83— |:| pp uncertainty (global) - i |:| pp uncertainty (global) reg ion
= L B 7
TD 7E - T
5& oF E E 8 -
S .
5 = i
(D - -
Qq C ] 0.6 —
E E
3 $ g 0.4 -
o = I
- . 0.2} _
1 L
- CMS Prehmmary - CMS Prehmmary
_|||||||||||||||||||||||||||||| |||||||| I'\|||||||||||||||||||||||||||||| ||||||||
00 50 100 150 200 250 300 350 400 "0 50 100 150 200 250 300 350 400
N N
L part k part
<@ W & W
Ny25)/Nyjplrory  Raa(y(2S)
Ny (25)/Na/ylpp Raa(J/9) limited by pp statistics

RY109%(46(28)) = 1.54=0.32(stat)+0.22(syst) H0.76(pp)

from 2011 pp data

CMS-PAS HIN-12-007 RO190% (4(28)) = 0.1140.03(stat)£0.02(syst ) £0.02(pp)
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CMS measured the suppression of prompt JAp from
2.76 TeV PbPb collisions.

Also the suppression of non-prompt JAp is measured
and this indicates the suppression of the bottom quark
iIn heavy-ion collisions

In Low-p, forward region, the enhancement of y(2S)
relative to prompt J/p is observed, but need to more
statistics in pp collisions.

With new 5.02 TeV pPb collision data and enhanced
2.76 TeV pp data, CMS is doing the charmonia
analysis.

Thank you for your attention
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Acceptable region for single muon
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* Choose the region
which the single
muon efficiency is
larger than 0.1

« Upper than white line
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b fraction of J/y production
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Summary of 2013 pPb & pp collision

« proton-Pb ion collisions (2013. Jan. ~ Feb)
— Beam Energy : 5.02 TeV/nucleon (proton : 4 TeV, Pbion: 1.58 TeV)
— Asymmetry collision, boosted to Pb ion backward direction
— Beam configuration

Beam 2(B2) Beam 1(B1)

— Pbp(B1:p,B2:Pb ion) collision : Jan. 20" ~ 30th
» acceptance :-2.4~+1.46
. Integrated Iuminosity - 18.4 nb! CMS Integrated Luminosity, pPb, 2013, v's = 5.02 TeV/nucleon

— pPb(B1:Pb ion,B2:p) collision : Feb. 2nd ~ 10t

» Change beam direction requested by ALICE
 acceptance:-146~+24
* Integrated luminosity : 12.5 nb-"

« proton-proton collisions (Feb. 11t ~ 14th)
— For the reference to pPb, PbPb data
— Beam energy : 2.76 TeV/proton
— Integrated luminosity : 5.41 pb-’

Data included from 2013-01-20 14:08 to 2013-02-10 05:05 UTC

35 T . 35
I LHC Delivered: 31.69 nb !
30 7] CMS Recorded: 31.13 nb ! 130

125

120

115

110

15

Total Integrated Luminosity (nb ')

L L L L L 0
] \ \Y \Y \}
11 \a '50\3 "L?e 6@ $ge
Date (UTC)
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