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* Motivation of the quarkonium production study
« Muon reconstruction in CMS

* Experimental results (decayed to dimuon)
— Charmonia in PbPb collisions
« prompt JAp
e non-prompt J/hp
* P(2S)
— Bottomonia in PbPb collisions

‘— Bottomonia in pPb collisions
¢ Summary

“CMS-PAS HIN-13-003
 More information :

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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From Matsui & Satz

Theoretical motivation PLB 178 (1986) 416

CMS

inclusive

Before Quark-Gluon Plasma, heavy quarks (charm, bottom) are produced.
heavy quark + anti heavy quark — quarkonium
In QGP, we expect the melting of quarkonia caused by Debye screening

Use sequential melting of the quarkonia states as the thermometer of the
hot and dense matter
T/Te 1/r) tfm]

~— ¥ 1| melted quarkonium ARNE

= 2 p } can be decayed to Jiy -
= e — | v.1P
~ . ; 1.2l 7/(15) Y'(25)
S e g
:‘; L | <T,[M| % (2P) Y'(3S)
o (2S) (1P) (1S) x(1P)  w'(25)
= L L

8(2'S) €(1P) € (1S5)

Energy Density Mocsy, EPJ C 61 (2009) 705
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PHENIX, PRL 98 (2007) 232301
PRC 84 ( 2011)054912
Experimental motivation paSsiEiiEcam

* Nuclear Modification factor(R,,) measurement

— Formula:

Lpp Npppp (QQ)
TaaNwmBecent N,,(QQ)
— Indicator of suppression(R,,<1) of enhancement(R,,>1) of the particle in ion collision

e Puzzles from SPS and RHIC

Raa =

2

— Similar JAp suppression at o« . _Nuclear modification factor
SPS(< 20 GeV) and RHIC(200 GeV) :  PHENIX, AueAu, I1<0.35,« 12% syst
— Raa(forward) < Rpa(mid) o.si} & PRASD, Brotn, Gy 21, L A% Syek.

» Suppression does not increase I R I NA38, S+U, 0<y<1, £ 11% syst.

with local energy density —I %44%

. 0.6/

— Possible answers - % Qﬂ mid-rapidity

* regeneration? _ {%

« cold nuclear matter effects? 0.4 E [T} & EH b

« Now LHC is giving us the hint : B g Ejff

— higher energy 21" forward rapidity @

— PbPb@2.76 TeV, pPb@5.02 TeV -
— higher luminosity | R 50 100 150 200 250 300 350 400
— more charm — possible to recombination
— new probe : Y Npart
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Summary of ion physics run from LHC

 Pbion-Pb ion collisions (2010, 2011 — about one month/year)
— Beam Energy : 2.76 TeV/nucleon pair
— Integrated luminosity
« 2010:7.28 ub
« 2011 :157.6 ub'recorded
» proton-Pb ion collisions (2013. Jan. ~ Feb.)
— Beam Energy : 5.02 TeV/nucleon
 proton:4 TeV, Pbion: 1.58 TeV
— Asymmetry collision, boosted to proton forward direction
— Integrated luminosity : 31 nb-"
— Change beam circulation
« 1st(Beam1:proton, Beam2:Pb ion) collision
« Jan. 20t ~ 30t
« 2" (Beam1:Pb ion, Beam2:proton) collision
« Feb. 2nd ~ 10th
« proton-proton collisions (2011 Mar., 2013. Feb. 11t ~ 14t)
— For the reference to PbPb data and partially to pPb data
— Beam energy : 2.76 TeV/proton
— Integrated luminosity
« 2011 : 231 nb' (equivalent to 2010 PbPb data)
« 2013 :5.41 pb' (equivalent to 2011 PbPb data)




CMS muon reconstruction

SILICON TRACKER
CMS Detector = ..

aoom 3 o W
i ~2 2 ~9.6M ch I 9 — R
PHXQHS 00m ,5)6 channels -
= S /,/
N 5 /
¥ »
1

CRYSTAL ELECTROMAGNETIC N — -
TU’@C[K@IT CALORIMETER (ECAL)
EC AL ~76k scintillating PoWO, crystals
HCAL

Solenoid
p PRESHOWER
Steel Yoke / ~ Silicon strips
M uons / ~16m?> ~137k channels
STEEL RETURN YOKE
~13000 tonnes
///
/ /
SUPERCONDUCTING / /
SOLENOID /
Niobium-titanium coil / \ y
carrying ~18000 A FORWARD
©\ ‘ ) ¥ CALORIMETER
e / 1 Steel + quartz fibres
: HADRON CALORIMETER (HCAL) ) ~2k channels
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field :38T

 Global muons reconstructed with
information from inner tracker and
muon stations, with additional
quality cut

* For pPb analysis, use tracker muons

like pp group analysis
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Quarkonium decayed to dimuon

CMS iDréIiminary

L@ @ PbPb \'s,, =2.76 TeV
| L. =150 ub™

10° & 3
10% & Z =
= Y =
— |+ Prompt JAp -
B * including feed-down B}
10 = from excited states [ E
— | * non-prompt JAp decayed 7]
1 B from B meson ‘| N
= "> 4.0 GeV/c =
: | | pT | | | 1 1 I | | | | | 1 1 I r’\ NH H H %
10 10°

m,, (GeV/c?)
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Prompt J/ip R, @ centrality dependence

CMS-PAS HIN-12-014

Rapidity dependence pr dependence

m:(( 1.4_| ||C|M|S| |P|re|I|Ir|T]|Inla|'r|y| LI L L I I II__ m:(( 14 T ||C|M|S| IPIreIIIIrIT.;InIaI'rIyI FrTT T[T T T T[T T TTTT] |__
[ PbPb\ /s, =2.76 TeV ] [ PbPb\/s=2.76 TeV ]
1.2:— - 1.2:— -
Prompt JAp ] . Prompt JAp ]
1_ o lyl1.2 i 1: ¢4 6.5<p <30 GeVic 7
0.8 = l.2dyl<1.6 0.8 4+3<p <65GeV/lc
B * ¢ 1.6<lyl<2.4 ] B # + ]
0.6 # - 0.6 ‘ lower p;
. # i . * Y * ]
0.4 & ] 0.4 ¢ + ]
Z 8 \ A B . ¢
0.2 § 0.2 : —
- |6.5<p_<30 GeV/cI ] | 1.6<lyl<2.4 | high pr 5
IIIIIIIIIIIIIIIIIIII | 1 111 | | | | 111 I_ L1 11 | | L1 11 L1101 | L1 11 | L1101 | L1 11 | 111 I_

0o 5|o 1 60 1 5|0 200 250 300 350 400 Oo 5|o 1 60 1 50 200 250 300 350 400

N N

part part

* Suppressed by factor 5 in most central collision
» Left: no strong dependence on rapidity at higher p; region

« Right : at forward rapidity region, lower p+ JAp is slightly ,
less suppressed in most central case. ! 8 @Wg



non-prompt J/ip R, : centrality dependence

CMS-PAS HIN-12-014

Rapidity dependence pr dependence
mé 1.4 T IICIMISI IPlrellllrlrlllnlaI.rlyl T TTT | T TTT | T TTT | TT II__ mi 1.4 T IICIMISI IPIreIIIIrIT]IInIaI.rIyI T T TT | T TTT | ||||||| I__
- PbPb\ /s,y = 2.76 TeV . - PbPb\ /s,y = 2.76 TeV 1
1.2F - 1.2F .
Non-prompt J/p ] . Non-prompt J/p

1 o lyl<i 2 ] T 4 6.5<p <30 GeVic | -
0.8 m 1.2<lyl<1.6 ] 0.8 +3<p <6.5GeVlc
i ¢ 1.6<lyl<2.4 ] i & lower pT ]
0.6 , - 0.6 + + -
§ ¢ 1 : 1 1
04F t ¢ 0.4F * 7
: + b v : ¢ _ b
0.2 - 0.2+ highpr ]
[ I6.5<pT<30 GeV/c | i | 1.6<lyl<2. 4| y
|| (e———— | L 111 | L 111 | 111 I_ |||||||||||||||||| | | | | L 111 | L 111 | 111 I_

% 50 100 150 200 250 300 350 400 % 50 100 180" 00 ‘250" 300" 350 400

Npart Npart

- Left : In all rapidity bins at high p; region, centrality dependent
suppression is shown.

* Right : In the forward region, lower p; J/ip has strong centrality
dependence and less suppressed than high p J/y 9 ﬁmg



1.8—J L dt = 7-150 ub’

1.4~

b-quark R,, compared with other particles

CMS (* preliminary)  PbPb\[s,, = 2.76 TeV

2 | I I ! I I | I | I

M W (0-100%) p’ > 25 GeVic

1 —E— *Z (0-100%) p: >20 GeV/ic |

In central collisions

Raa

charm <« RAAbottom

0 20 40 60 80
p.(m,) (GeV)

CMS Highlights from Gunther Roland@QM12

50

Directly measuring the b-quark energy loss in the medium

b-quark is suppressed distinctly

...............

1 6 — —@— Isolated photon (0-10%) ]
i b-quarks (0-100%) | 8<PT< 16 GeV/c
— — f Grrerrrrerryrreb e rrrrrr et rr ey rery
via secondary J/ I = ALICE Prellmmar‘ D mesons
B ( v Jhy) 7] e« | B<p - mrevu;
1.2 Correlated s-,'s:tematlc uncertainties
| [ Uncorrelated systematic uncertainties
¢ CMS Preliminary Non-prompt J'y l
6.5<p_<30 GeVic, |y|<1.2
0 8: [ Systematic uncertainties
=} m CMS-PAS-HIN-12-014
0.6 » " bottom -
0.4- Iﬂ Iﬂ Iﬂ <
B ®
- Pb-Pb, \s,,, =2.76 TeV
| o charm
0

100 150 200 250 300 350 400

(N

welghted with N )

ALICE : E.Bruna’s
slide@SQM2013
CMS : CMS-PAS HIN-12-014
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1 (2S) double ratios and R,, : centrality dependence

10_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII:

- PbPb |5, =2.76 TeV

CMS-PAS HIN-12-007

1.4_IIII|IIII|IIII| IIIIIIII IR IR B

| PbPb {5, =276 TeV

\30-
3 91 e 3<p;<30GeVic, 1. 6<|y|<2. 10 ¢ 6.5<p;<30GeVic, |y|<1.6
%2 - pp uncertainty (global) i pp uncertainty (global) '_
Lower-p;, < 85 -~ : = High-p,
forward ~, 7 E T mid-rapidity
region = o E . oL region
el r - ]
~  5F 3 _
n F . i
S L E 0.6 -
= F . i
3 $ g 0.4F -
of = I
- . 0.2~ _
1 i
: CMS Prehmmary - CMS Prel|m|nary
O_I 111 | 1111 | 1111 | 1111 | 1111 | 111 I| IIIIIIII a) IIII|IIII|IIII|IIII|IIII|IIII| IIIIIIII

0 50 100 150 200 250 300 350 400

AA

N

0 50 100 150 200 250 300 350 400

N

W @é& 7 Y
Ny25)/Ny/plPpore  Raa((25)
Ny (25) /Ny lpp Raa(J/¥) |limited by low statistics

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

from 2011 pp data

RO19%(1(28)) = 0.1140.03(stat)+0.02(syst)+0.02(pp)

CMS

'+ Will be updated with 2013 pp data
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Events / (0.1 GeV/c?)

cMs, |

Y(nS) s mass distributions

50_|1||||l||]||||||||||||||||||||||||_C\T\800_—r||||||||||||||||||||||||||||||||1—_

- Preliminary CMSpp{s=276TeV - 3 Lol Prefiminary ” CMS PbPb |5, =2.76 TeV ]

) — —

. lyl <2.4 171G [ e data Cent. 0-100%, lyl < 2.4 .

40 ol > 4 GeVic 4 5 gool.— PbPbit || L =150ub" E

I Ly, =231 nb” - E e pp shape [| p!'>4 GeVic ]

- 4 € 500 2 -~

*F 12 < :

i ) * data 7w : ]

- total fit 1 400 .
20l 1 background ] 300F- hardly visible

i i B peak for Y(3S)

I 1 200F } -

o - Wt
- [.... * 100 PYRINT

0 g|111111||11111*|11||¢111111|1¥_ N i

I | | I | 111 1 | 111 1 | 111 1 | I | 111 1
7 8 9 0 1 12 13 14 v 8 9 10 11 12 13 14
2
m,, (GeV/c”) m,, (GeV/c?)

Ratios not corrected for acceptance and efficiency.
In PbPb, the excited states suppressed relative to the ground state.

PRL 109 (2012) 222301
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Y (nS) /Y (1S) Double ratio

Y(2S)/Y(1S)

PP

—
»

CMS Preliminary, PbPby(s = 2.76 TeV

—— stat. unc.
syst. unc.

L., =150pub’

—

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

p. >4 GeVic
.

 Measured Y(2S) double
ratio vs. centrality
— centrality integrated:

[Ny (25)/Nr(1s)PbPb

—

PbPb

o
o)

IIIIIIIIIIIlIIIII

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

o
o))

o
~

w)

o
N
PR —

III|III|II
II|III|IIIIIII|II[III|II1II

||

250 300 350 400

C§D

50 100 150 200

= 0.21 £ 0.07(stat.) £ 0.02(syst.
| Nr(28)/Nr@s)lpp ( ) ( >|

— no strong centrality
dependence

* Upper limit on Y(3S)
— peak at PbPb is hard to
distinguish : set the upper limit
— centrality integrated:

N (3s)/Nr(18) |PbPb

A

PRL 109 (2012) 222301

= (0.06 &= 0.06(stat.) &= 0.06(syst.
Ny (38)/Nr@s) lpp ety (

< 0.17 at 95% C.L.
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Raa

£pp

Neveo(T(0S)) e o first results on Y(2S) Raa

:TAANMB Npp(T(nS)) epbpb

e o Y(1S) suppression is

1.4F- CMS Preliminary, PbPb (S = 2.76 TeV — consistent with suppression
- ar(1S) L =150p" 1 :
CE eres) yi<24 - of excited state only
i# ] considering ~50% feed down
080 e e 1 - Sequential suppression of the
oo | 4 | e . Y(nS) states in order of their
"o + , 0% binding energy
o.w b3 — Y(1S) Ras > Y(2S) Ras > Y(3S) Rn
0.2~ + + + | %; Y(3S) Rya (95% C.L.)
0_||||||||||||||l||1||||||IT|||I||+|I||||_1
0 50 100 150 200 250 300 350 400 Raa(Y(1S)) = 0.56 = 0.08 (stat.) = 0.07 (syst.)
N . Raa(Y(2S)) = 0.12+0.04 (stat.) & 0.02 (syst.)
A‘ i | \&[ Raa(Y(3S)) = 0.03=+0.04(stat.) = 0.01 (szst.)
<

PRL 109 (2012) 222301

CMS /1

| Hyunchul Kim

0.10 (95% C.L.).
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Remark for pPb bottomonia analysis

« Because of asymmetry collision, for rapidity need
to consider boosted shift (about 0.47)
 muon’s ) and dimuon’s rapidity in lab CM
frame(yqy) In (-1.93,1.93) is selected.
— for proton goingto-n :-2.4 <n<1.47
— for proton goingto +n :-1.47<n<24
* Binning in 2 event-activity variables
— corrected N, in inner tracker (|n|<2.4, pT>0.4 GeV/c)
— raw transverse energy(E;) measured in HF (4<|n|<5.2)

@ | inner tracker I @
"\l—l'—i’

(= F
A 3 e s 8 =

\ ‘;“':-
—

L=
< Hyunchul Kim ==§== 15 ﬁmg




dimuon mass distributions from 2013 data

-\/I\ 800—_I 17T | 1T 17T | T T | T T | T T | T T | 17T I_— :\/I'\ :I T T | T T | T T | T T | | | T T | 17T I:
L C CMS Preliminary 1 L4400 CMS Preliminary
u u

= T Mewl < 1:93 ﬂ is=276TeV 1 = [ Moy <1.93 l p Pb IVsNN =5.02 TeV]
¢ 700 p!>4GeVic 1 o | pl>4Gevic ]
0 B L, =5.1pb" - 81 2001~ L, =31nb" =
S 600 1 o I i
- [ ] 000 -
~ - s . ~ - b i
& 5001 4 o ]
GCJ E ° data E GC) 800_— ° data ]
1) 4001~ total fit 4 o k total fit ]
N B background ] 600 B background ]
300— ' = B i
200(— ' = 400~ -
e .

IAPW.. v Cllihhhi ™

®
| | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 1 1 1 1 111 1 | | | | | | | I | | | | 1 1| |_
% 8 9 10 11 12 13 14 v 8 9 10 11 12 13 14
2 2
m,.- (GeV/c?) m,. (GeV/c)
- Signal extraction in pp, pPb and PbPb same procedure CMS-PAS RIN-13-003

— Using unbinned maximum log likelihood fit
— Signal : 3 Crystal-Ball functions (Gaussian with low-side talil
regarding Final State Radiation)

— Background : error function x exponential (all parameters were 4
free) 16 @f J“ﬁg



1.4

0.8

0.6

[Y'(ns)/Y (1 S)]pr /Y (ns)/Y(1 S)]plo

0.4

0.2

Double ratio (Y(nS) / Y(1S))

1.2

- CMS Preliminary pPb s, =5.02TeV -
[ p, >4 GeVic ® hg,l<| 193

PbPb \/sy, = 2.76 TeV ]

m g, l<| 24
—— 95% upper limit

.

pPb +

*  PbPb :
T

Y(2S)Y(1S)  Y(3S)Y(1S)

PbPb / pp : using 2011 pp dataset
pp 2.76 TeV reference is used for
pPb 5.02 TeV data, but have
checked that the single ratios with
Y(2S) and Y(3S) don't change from
2.76to 7 TeV.

* pPb/pp <1
— hint of additional
effects on the excited
states compared to the
ground state in pPb
collisions with a
significance < 30

* pPb/pp > PbPb/pp

— suggestion of
additional final effects
that affect more the
excited states than the
ground state

CMS-PAS HIN-13-003
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Single ratio (Y(nS) / Y(1S))

0.25

0.2

0.15

0.1

0.05

0

CMS

" F CMS Preliminary PP \[Syy = 2.76 TeV
—ly, I<] 193 O Ly =5.4pb’ * pp : 2013 larger dataset

* Fully corrected with

pPb sy = 5.02 TeV o
acceptancexefficiency

® L_=31nb"’

int

PbPb |5 = 2.76 TeV

l 25 L, =150 ub™
Yol <[ 2.4
—— 95% upper limit

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
©
-U
(o2

=
PbPb
PbPb |
Y (2S)/Y(1S) Y(3S)/Y(1S)

pPb > PbPb with non-overlapped error bar

— hint the presence of additional effects on excited states compared to
ground state

CMS-PAS HIN-13-003
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Y(nS)/Y(1 S) VS event activity variables

E; dependence
« All the smgle ratios in PbPb

0.25F

0.2

0.151

0.1

0.05

CMs, |

- CMS Preliminary

Y(38)/Y(1 S)

1 pp276Tev (O pp276TeV  —

Y(2S)/Y(1 S)

= VT ebsoToy IPPDS02TEV are below points in pPb
Y PbPb2.76 TeV ey - T .
- <24 within huge uncertainties in
PbPb.
3 # oPb pppb 1 ¢ Within uncertainties(bigger
3 % % ; E in PbPDb), single ratios in all
o ’ | E cases show the weaker
- $ l g dependence on E;
= ¢;Pb+ ‘ E
3 o ITIE
1] 11 ! ||‘||7|‘L
1 10 10 10°
E:-]I>4
Y
1.9~1.9 M
HF
4~ CMS-PAS HIN-13-003
! > )13-11, Inha University 19 @[@;ﬁg




Y(nS)/Y(1 S) vs event activity variables

05 . B N ..xs dependence
L cus reliminary YESN(S)  YESN(IS) 1 All the smgle ratlos In PbPb are
S04y <tes  Oee2reTev [@Ep270TV o Kalgw points in pPb within huge
D B pPb 5.02 Tev @ pPb 5.02 TeV .y : .
2 o04af s roro276Tev - UNcCertainties.(like E+ in HF case)
— IyCMI<2.4
0.35— ]
03E %  Within uncertainties, single ratios
+ : pPb PbPb in pp and pPb cases show the
O2oF Jf " < significant decreasing
0.2~ : ¢ 7 dependence on N, .
0155 N 3« In PbPb is expected, but in
o + 1, PPP E pp is not expected(we
ok ! . . E expected flat on N ,..)
r 1« Two possibilities of
Oy e interpretation
N2 * Y affects the multiplicity?
Y « the multiplicity affects the
1.9~1.9 Ny Y?
track
24 ~ 24
CMS-PAS HIN-13-003
o 4 Hyunchul Kim HIM 2013-11, Inha University 20 @mg




Y(nS)/Y(1S) vs event activity variables

0.05

CMS

N .c.ks dependence

Y affects the multiplicity*

cmls Prellimit;arlyl eSS YESNGS) 5. Ntracks In Y(1 S) events — Ntracks in Y(ZS
et sy | OF 3S) events = ~2 extra tracks
] “'vies 1« Same in pPb and pp, despite of
3 % PbPb A different average no. of tracks (10 in
3 + %j PPb : pp, 41 in pPb)
3 % ' 5 4+ expected due to feed-down from
L b jL % % - higher states, such as Y(2S) —
- ' TL Y(1S) + ntor
- #]l * o %L 3« can affect to low N, bin

10 1 02,\#'?;2'(.3‘1 10°

 the multiplicity affects the Y?
* Y(2S or 3S) is more interacting with the
surrounding environment than Y(1S)
which is the most tightly bounded.

CMS-PAS HIN-13-003
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Y (ns)/<Y'(nS)>

Self-normalized ratios Y(nS)/<Y(nS)>

i E; dependence 94 £ Niasdependence
T pp2.76 TeV pPb5.02TeV PbPb 2.76 TeV 1 T pp2.76 TeV pPb5.02TeV PbPb 2.76 TeV ¢ ]
- O Y(1S) @ Y(1S) or Y(1S) - > - O Y(1S) ® Y(1S) or Y(1S) -

6 [ Y(29) B Y(29) Jy 6 [ Y(29) B Y(29) .
T % Y(3S) * Y(3S) 7 /cé\ Y% Y(3S) * Y (3S) 7

5 . 4~ 5 - [] —
~ CMS Preliminary i ~ CMS Preliminary i
B Iy l<1.93 7 - Iy l<1.93 7

4__ e . 4__ M -
S N R

sk d#: . i d#: .
- e ] O | ]

o0 V e V -
5 A 1] B :

1= é et — 1= i'{'h —

0 : | I 1 11 | 1111 | 1111 | 1 111 | 1 111 | 1111 | 1111 | 1 1 : O - t | 1111 | 1111 | 1111 | 1111 | 1 111 | 1111 | 1111 | 1 1 :
0 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4

>4 >4 nl<2.4 ml<2.4
E /< E > Ntracks /< Ntracks

Left : all the points on the line with slope 1 despite of different collision conditions
and average E;

Right : less coherent behavior, variation depend on species in large activity events
more Y (nS) in event with more multiplicity in pp collisions can be interpreted as a
sign of multi-parton interactions. CMS-PAS HIN-13-003
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Suppression of prompt and non-prompt J/ip in PbPb is
observed, but for 1 (2S) need more pp data.

In PbPb collisions, sequential suppression of Y(nS) is
shown.

pPb data give us the hint of the additional effects on
Y (2S,3S) than on Y(1S5).

Within uncertainties, Y(nS)/Y(1S) in pp and pPb cases
show the significant decreasing dependence on N,

Y(nS)/<Y(nS)> increasing with increasing N, iN pp,
oPb and PbPDb.

Stay tune to

November 4 - 8, 2013
Cape Town, South Africa



BACK UP
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Quarkonia family

state

J /1

Xe

(o

Xb

‘I‘I

‘rll

mass [GeV]

3.10

3.53

3.68

9.46

9.99

10.02

10.26

10.36

AFE [GeV]

0.64

0.20

0.05

1.10

0.67

0.54

0.31

0.20

AM |GeV]

0.02

-0.03

0.03

0.06

-0.06

-0.06

-0.08

-0.07

radius [fm]

0.25

0.36

0.45

0.14

0.22

0.28

0.34

0.39

CMS/1
i Hyunchul Kim

H.Satz Slides from INT/Seattle June 18, 2009
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Cartoon for Debye screening

Perturbative vacuum Hot-dense matter

T/Te 1/(r) [fm]

I_'c 2 Y(1S)
~ _
- ~ | %(1P)
L2l 7/y(15) Y'(25)
© [ '
- <T |8 % (2P) Y'(35)
\J ‘| Ml %) w(2s)
»
T, Debye screening length @ light quark
E. Scomparin, CERN seminar (06/11/2012) Mocsy, EPJ C 61 (2009) 705
> 4 Hyunchul Kim HIM 2013-11, Inha University 26 Emg




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
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Prompt, non-prompt J/p signal extraction

Inclusive J/yp

Non-Prompt J/y
Prompt JAy from B decays

 Reconstruct y*u— vertex w{ PP (2 —un
R i non-prompt J/y

) Separation Of prompt and 103— - - - background
] 09<lyl<1.2
non-prompt J/ ¢ o
— by 2D simultaneous fit of y*y~ mass N s

and pseudo-proper decay length K 105 . o
057 = Lgy—2/% B % M 1-5uuu% ll S k i
J/¢ — Ly — TRREEE 4 05 0 05 15 2[mm]25
pT Xy J/w

CMS /1
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p. (GeVic)

J/w’s acceptance and efficiency

30

25*

lllll

" PYTHIA & EviGen + PHOTQS B
pp Ns= 276Tev :____‘_-—_ -

Promp‘t J/atpr

“1 0.4
== 1-10.3

« Because of the magnetic field
and energy loss (2~3 GeV) in
the iron yoke, Global muons
need minimum p,, to reach
the muon stations

(3~5 GeV, depending on )
« Limits JAp acceptance

5| S gf — mid-rapidity: p; ,,,>6.5 GeV/c
| | , ' — forward: p; ,,,>3 GeV/c
07 1 0 0 ’
y
g T e e e = T L M L N ML . . .
Bos- & g, 7+« Efficiencies are
S overemmy | el - evaluated with MC
£ os, i’ PbPb Sy = 2.76 TV — £ 06 v Pratminay e Crosschecked with
5 heee E ey s,-276%v | tag-and-probe
method in data and
0.2? +: 11:0 é 0.22 e 2011 MG MC
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cMs, |

b fraction of J/ip production

Hyunchul Kim

b fraction

—

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

= o< o>+ N

w—-ﬂ

CMS PbPb |'s\, =2.76 TeV (lyl<2.4)
CMS PbPb /s, =2.76 TeV (1.6<lyl<2.4)
CMS pp Vs =2.76 TeV (lyl<2.4)

CMS pp Vs =2.76 TeV (1.6<lyl<2.4)
CMS pp Vs=7TeV (1.6 <lyl <2.4)
CMSpp Vs=7TeV (1.2 <yl <1.6)
CMSpp Vs=7TeV (lyl <1.2)

CDF pp Vs = 1.96 TeV (lyl<0.6)

v
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W
o

HIM 2013-11, Inha University

30 "W T



P(2S) in pp & PbPb at Vsy, = 2.76 TeV

PAS CMS-HIN-12-007

Lower-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 ~ PP
Ry2s) 2 % Ryzs) -
limited by pp statistics 31 ﬁr J{‘g
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P(2S) in pp & PbPb at Vsy, = 2.76 TeV

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

— T 17T | T 17T | T T T | T 17T | T T —~~ 4 [1
Re) Pbe TN, 10°E
S . CMS Preliminary S CMS Preliminary
q_) J,w 13211+ 65 o
g | PbPb \s=2.76TeV g ' o0o4z0008 | O
S L, =150 ub™ = (29 = 1) MeV/c? S 10° L =231 nb”
o o C
~ 10°[~ * data 4 < -
*2 - %4 total fit ] ‘UE) ,
o --:background { © 10
>
TR 1 W

102—+ t

TIT

0-20%] lyl < 1.6

6.5 <p, < 30 GeV/c

PAS CMS-HIN-12-007
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\\\\\\\\\\\\\
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X
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i Hyunchul Kim
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lIlllI

N, 1741+ 36
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% total fit
background

0-20%
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PbPb fit
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|

lllllll
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o) [T

3.8 4 4.2 2 2.8 3.2

34 36 38 4 42
w (GeV/c?)
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Y(1S) and Y (2S) Ry, - theory comparison

< T T 17T | T T 17T | T T 17T | T T 17T | T T 17T | T T 17T | T T 17T | T T 17T < T T TT | T T TT | T T TT | T T TT | T T TT | T T TT | T T TT | T T TT

< . < s

14—~ CMS PbPb \/s,, =2.76 TeV — 14—~ CMS PbPb \s,\=2.76 TeV n

B » . B Y(1S) Y (2S) .

1 2__ +Y(1S) Lot = 150 ub ] 1 2'_ 4 CMS data e CMS data ]

=L o Y(2S - =L I Primordial B Primordial _

_ (25) lyl <2.4 — - — Regenerated -~ Regenerated s

1 L 7 1 i Il Total Total 7

2N M. Strickland 7 ‘l 7

CRNS %g gg j:mlg = g i . Nuc. Abs. i

I N N , 4TI = — — ]

08\ ™ ™. — Y(1S) 4m/S=1 ] 0.8¢ |

AN * ----------- Y 4myS=3 1 : -

-\ T, & e 2S), 4nn/S =2 . - .

0.6~ 1. + -------------- ——Y(25), 4m/S =1 7] 0.6 §
0.4 |\ 0.4

= - ,,""’- U |—"“"“ =

O_I 111 | 1111 | 1111 | 1111 | 1111 | o - | 1 1 | | 1111 O_I”/I | | L 111 | L1 11 (| |I+I 1 1 | 1 I*I | 1 1 II I_

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Npart Npart
Nucl.Phys.A879 (2012) 25 Eur.Phys.J.A48 (2012) 72

PRL 107 (2011) 132301
Y(1S) and Y(2S) results are consistent with the theoretical
model within uncertainties
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<N,= from different methods agree well

Defining centrality from different methods:

~
(=]

3

& 8

3 HF E; > 4 (GeV)

3.3 O

I e ' (":MS'Prellmnary
#89* DPD' 5, = 5.02 TeV

100 1 50 200

= maily ] éMS'Prelmnary
== ?Pb '_ 502 TeV

100 150 200

J ('EMS li’rellmna:y

' .' =502 TeV

100 150

M‘I"“’ NGk NG

 Slicing multiplicity and ZHF E; [n|>4 means selecting very
different events (e.g. 0-10% in the plots), but <N_,> are the same

* The real difficulties of centrality determination are about how to
define centrality in real data (which n range to use?) for an
analysis and study possible biases

gShengquan Tuo (Vanderbilt) 1S2013, Sep 10, llla Da Toxa, Spain
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