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Outline

1. Introduction
— CMS detector
— LHC heavy-ion run history

2. Experimental data

— Two-particle correlations in PbPb
* High-p; dihadron correlation and dijet behavior

— Dijet production in PbPb

 Momentum imbalance
» Modification of jet fragmentation and shapes

— Dijet production in pPb for nPDF
— Quarkonium production in PbPb

* Prompt J /4y, Non-prompt ] /4, and y¥(25)
* Y(15), Y(2S), and Y(35)

3. Summary
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CMS Detector
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Heavy-Ion Runs at LHC & CMS

= 1st PbPb run @ /syy = 2.76 TeV
— Nov. - Dec. 2010
— Recorded luminosity by CMS: 7.28 ub-!

CMS ION LUMINOSITY 2011 and 2010

= 2nd PhPb run

~ 2011

@ /syny = 2.76 TeV e
- Nov. - Dec. 2011 .
- Rec. Lum. by CMS:
150 pbl LI =it
About 20 times more 60.0 XZU —#=DELIVERED 2010
statistics than 2010 400
during similar 200 f
cesaswewene—e ()]0

beamtlme 0.0 0-0-0—0-04( -

5/11 10/11 15/11 20/11 25/11 30/11 5/12 10/12

Day/Month in 2010 and 2011
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pp and pPb Runs at LHC

CMS Integrated Luminosity, pPb, 2013, Vs = 5.02 TeV/nucleon

| 1 St p p ru n @ ’ SNN p— 2 .7 6 Tev 35 Data incluc‘ied from 2013-01-20 14:08 to 2013-02:10 05:05r uTc

_ March 2011 ("’1 Week) ?530 S CMS Recorded: 31,13 ub -
— Rec. Lum. by CMS: 225 nb! & F
. Ezof I 120
« Equivalent to the number of 3 ——
hard probes in 2010 PbPb data g i ALICE |32 nbpe
$ 10 » ATLAS | 31.2 nb',,
= CMS | 31.7 nb?
- pr run @ ’\/SNN = 502 TeV gs - LHCb | 2.1 nb'1'5
- .Jan. - Fe b. 2013 :}\ool 1“\"“‘ '1.1\50. 3°\°°I 1.('0'“ f:"ev %fe‘o ’
ntegrated Luminosity, pp, ,yVs=2. e
- Rec' Lum‘ by CMS: 31'7 nb_l c:jt:inczdedfronlt\2013-02-1y1:.2721::]2.213-02—142-0761::';
(60B events) . e

wu
(V]

— Cold nuclear matter effect

= 2nd pp run @ /syy = 2.76 TeV
- Feb. 2013 (3 days) —_—>

- . -1
Rec. Lum by CMS: 541 .pt.) ©8.2%)
About 24 times more statistics R NOF S
than the first pp run Date (UTC)
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High-p; Dihadron Correlation

CMS PAS HIN-12-010 |Aﬂ| <1

(a) PbPb \[s,, = 2.76 TeV
L, = 150 ub™

CMS Preliminary (b) PbPb \/SNN =2.76 TeV CMS Preliminary
" ""-‘.__0-30% centrality Liy = 150 pb” 0-30% centrality

278 Al <1 :
| S Lo trig |
5 |13 26.5 o70F Pr > 20 GeV/c ]
Z| = - i 1 <p*®** <2 GeVic
o _g 26.07 g|s L T

i) % © 26.5[ o “
—|zF25.51 - 2 .
4 = * o
260 . . -
- [ ] ® e i
25.5[- oo’ .
pl' > 20 GeV/c T I e —
assoc
1<pT <2 GeV/c |A¢|

= Azimuthal correlation at high p; near the jet components
— Reflects the path-length dependence of parton energy loss
— Quantitative constraint on various jet quenching models
- Flow (v,~v,) from LR correlation needs to be subtracted for jet
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Dijet Behavior from High-p; Correlation

1 d I\|pair
Ntrig qu)

Before ZYAM Su btractlon

* Need to subtract event-plane related correlations (v,~v,)

from dihadron correlation CMS PAS HIN-12-010

= After ZYAM Subtractlon

: ! trld ' !
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CMS Preliminary
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Dijet Behavior from High-p; Correlation
CMS PAS HIN-12-010

Near side Away S|de
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o e e ] o
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Dijet Angular Correlation

Now turn to the full jet reconstruction!

Event Fraction

Event Fraction

—_—

PLB 712, 176 (2012)

- cms
J.Ldt= 150 ub”
| Centrality 0-20%

S 120<p_ <150 GeVic

= o PbPb\s, =276 TeV
ot 2 PYTHIA+HYDJET
i |

" 150<p_ <180 GeVic o° & 180<p_ <220 GeVic
s T v — T

Anti-k; (PFlow), R=0.3 73
P, > 30 GeV/c

1.2

= Correlation peak in the data are reproduced
by PYTHIA for all p; ranges
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Event Fraction
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= Dijets in PbPb are more imbalanced than PYTHIA
except the most peripheral events

PLB 712, 176 (2012

. FI’bII?bI Vs, = 2.?6| Tévl
JLdt =150 pb™

o ppysS=276TeV
JLdt =231nb"

Z4222 PYTHIA+HYDJET

.

L B LR §
Antik, (PFlow), R=0.3 ]

p,,> 120 GeVic
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8¢, >4n
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* e 10-20%
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PLB 712, 176 (2012)
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= Dijets in PbPb are more imbalanced than PYTHIA
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pT, 2/ IDT, 1

for all p; in central collisions.
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p;-Dependence of Dijet Imbalance

l [T l

o o

o ° |
S

Qf‘ - . *» L =
H‘\‘. T » ] — T
D_'_ 0.6 L __: - __|_i... L — —_

~ . o PbPb\s, =276 TeV,JLdt =150ub" L LT

05 :_ o PP NS =276 TeV,JLdt =231nb" _:_ P> 32HGEWG ___ E
=L 1 A > T ]
- PYTHIATHYDJET 50-100% T w3 20-50% 1 0-20% 1
O [ | | | | | i | ]
S b A R, S DS SRR R
0??529 () i % Eo=es o s » " T E = = = - — 3
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o r b Foo— e o _ 3
0 r ;
n‘ '0-2 C I I I 1 P S N R S S S <P P S S S S E

150 200 250 300 350 150 200 250 300 350 150 200 250 300 350
pm(GeV/c)
= Energy loss is apparent except the most peripheral events
= Energy loss is larger for more central collisions
= No significant dependence on jet p;
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10° £ CMS Preliminary’ " ' Tracksncone(AR<03)lll 'oLeaéhngJet "'”"""”""'”‘""'% .
102 " anti-k,(R=0.3) PFlow Jets o4 G:ew(: " op reference V5, =276 Te\: 1T
E pi">100 GeVic, p;*? > 40 GeVic ® Subleading Jet det=7.2ub Im
wp 10 ;— Ad > 2/3n — pp reference . Y
- = i E
prd 1~
S PbPb 1o
B (00]
102 V5 =276 TeV 30-100% A
107 det:zeo nb” = = N
L L L L L \—: ; |II7 8
[o]Leading Jet 1N
Jet Q » Subleading Jet ]_
E=In i P
Track o) .
Pr (e
g ;
Track 5t
pT > 4 GeV/C 0:' N "

AR<O3 0051152‘]%533544‘005115225335445

&=In(p;"/pI%) & =In(p"/p %)

= The jet fragmentation functions of leading and subleading
(quenched) jet in PbPb are essentially unmodified within
systematic errors for p; > 4 GeV/c.

= This statement was based on 6.7 ubt from 2010 run!
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Modification of Jet Fragmentation?
= Changes from 2010 to 2011 data analysis

— ~20 times more statistics
- Simplified jet selection: inclusive jet with p; > 100 GeV/c
— Lower p; tracks down to 1 GeV/c

10 = CMS Preliminary = » PbPb E3 Jetp >100 GeVic,m|<2 + 3 O
B T —— pp reference ; Track pT >1GeV/c, r<03 E E Z
1 1 IV}
g e |"**ss - T O
% 1 ] P
g i i 1N
Z .
T 107 1T
. ] 1 —
] ] 1 2
102 L 50-100% A 10-30% | 1
15 ] T : 10
: | z o
o 1 . . 1t 1
a Ie ] T W
1 N T # T e* 1
0 05+ b 1 5
o 14, 1 % T *
e *n 0 1, 1 * 1 . ]
o Oj """"" .";'.'i"'."U't.’tt""""_j """"" o ";i5';'.";'51"i'.'.""_j'”"”""".”i'5’i';.”;31'."0*.""__”'""'”'”"";';;;"”;"il’rif.‘0"_
-05F 1 " i
il . R | . P || | Lol | || | Lol | R | | R |
1 10 1 10 1 10 1 10
pTtraCK (GeVlc) pTtraCk (GeV/c) pT‘ra“k (GeV/c) pTtraCk (GeVic)
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= Changes from 2010 to 2011 data analysis

— ~20 times more statistics
- Simplified jet selection: inclusive jet with p; > 100 GeV/c

— Lower p; tracks down to 1 GeV/c

E10-CTNIH 54 SO

10 = CMS Preliminary E3 s PbPb Jetp >100 GeVic,m|<2 +
E _; —— pp reference Track pT >1 GBVJ'C, r<0.3 ;
“.
2 50-100% |
10 (ST -
15- +
o 1F T
o L 1
1 r T
0 05+ T
S s, [#ee
» ]
o 0 j"”'"""';'.'i'r.”t'tI‘"'"""‘_j """"""" PETTY 1T R A At dl B A (T TTT T Eadiddddodedotd R S Y PTTTY it il
0.5 T i i
I | | | . I | | | Ll
1 10 1 10 1 10 1 10
pTtraCK (GeVlc) pTtraCk (GeV/c) pT‘ra“k (GeV/c) pTtraCk (GeVic)

= (Clear excess at low p; compared to pp for central events!

Modification of Jet Fragmentation?

28-29 June 2013

HIM 2013-06
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Modification of Jet Fragmentation?

CMS PAS HIN-12-013
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Modification of Jet Fragmentation?

CMS PAS HIN-12-013
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Modification in Jet Shapes

CMS PAS HIN-12-013
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p(r): average
fraction of jet p;
In an annulus in
the n-¢ plane

Differential Jet Shape

A bit narrowing Ratio > 1 in tail

= Broadening in
larger radii
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Modification in Jet Shapes

CMS PAS HIN-12-013

(r): average fraction of jet p; inside
the cone of radius r

More than 95% of the jet energy
deposited in r < 0.2
Integrated Jet Shape i
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Anatomy of a Jet in PbPb

PYTHIA 100 GeV inclusive jet

Anti-k; R=0.3 jet ! c‘:r;n'élp r" -
. ' 5t reliminary -
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® -
a 1. ]
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0.4 No change 5 o5 ]
o [ ® ]
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. Raalat ® —.—.—.—.—.-.-.-.-.11000-0_
B small r, high p; : ]
2 .-.0.3 -0.5f :
o 1 10
2 arrovymg ot (@i
5 depletion at
. . LR L [N B AL LR LA
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B> 32 GeV/c Broadening/ g =
D16‘32 GeV/C L S 1+ —@— - —= ..
[8-16 GeV/c excess at st o
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(J2-4 GeV/c , =05
[J1-2 GeV/c e T —— (~2% of jet energy) o
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Dijet Angular Correlations in@

CMS PAS HIN-13-001
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Dijet p; Ratio Distributions in pPb

CMS PAS HIN-13-001

0.3F CMS Preliminary 3 p,,>120GeVic 1 anti-k (PFlow) R=0.3

So2sF prJ. L dt=18.48 nb" Zp,,>30GeVic $ 0, ,> 2113 ;
S C I HFIIn>4] I HF[|n|>4] 3
@ 0.2 (0-100)% FET <20 Gev $20Gev<E""<25Gev
o5k 5

=0.15F t a

2 4 s

3 01F £ 3

0.052

MR BT AT W ts. SVl S WA
LI B N N S B B B B S

03f 3 3 ;

® pPb15=5.02 TeV

- - 1 1 — PYTHIA + HJING
00.25F + T 777 PYTHIA .
g 0.f 25Gev< BN < 30 Gev 130Gev< NP < 40 Gev i Er P4 40 Gev ;
T :
= 0.15 ; §
Lﬁ 0.1 - a 3
0.05f - -
F PR v W A G . S0 L
0 02 04 06 08

pT,2/ pT, 1

= No modification up to E;"Fln>41 > 40 GeV (top 0~2.5%)
— Not enough statistics in PbPb for the same E;HFIMI>4l interval
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Summary of Dijet Properties in pPb

CMS PAS HIN-13-001

D-28_|||||||||||||||||||||||||||||_ D.TE_|||||||||||||||||||||||||||||_
- CMS Preliminary . 076 anti-k, (PFlow) R=0.3 -
0.26 — s T ]
- prJ L dt=18.48 nb” . 0T4E ao, > 203, <3 E
'D_Ed_— —_ R D.TE:— -
‘r‘-:_- I::I - ; o -
S0k © f “ q e 0T g-O—C——0
e - a - - C »
- ‘ - 2 068f * R
D.E_— 0.66E E
018k _ 0641 .
i i D62+ -
0.6l Loy g v v by v s by bl [T T I N T T T O 0 A BB A
0 10 20 30 40 ] &0 0 10 20 30 40 50 60
BRI Gey) EF Gev)

= With the present uncertainties, no change in the A¢ width
and the p; ratio values for all E;"Fnl>41 bins

= Deadly boring? What about the original purpose of pPb
collisions for determining nPDF?
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Ngijet_Distributions in pPb

CMS PAS HIN-13-001
[T T T T T T T T T T |rrrrrrrrrrrrrrrrrrrrrrT Tty T T T i
- CMS Preliminary 1 P> 120 GeVic 1 anti-k (PFlow) R=0.3
0.2F - + .
S r prJ L dt=18.48 nb” T p,,>30GeVic I Ao, ,>2n/3
So.15F (0-100)% F el " < 20 Gev I 20Gev<E; "T<25Gev -
- r e T . T .
2 o01f T e T N
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0.05| + e 7 + .
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R I P U
] | [ | - | | i e - | | | )
IIII|IIII|IIII|IIII| IIIIIIII | I | I|III| IIII|IIII|IIII|IIIIIIIII|IIII
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s | 1 1 = PYTHIA |
Op15F 25Gevs<E; """<30Gev I 30GeV<E; ' "<d0Gev I ey "> 40 Gev ]
L= ‘ - 1 1
€
)
=
i

ndijet

Naijer distributions plotted against PYTHIA references
= A systematic shift in the positive ng;,, direction vs. HF energy
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Measuring nPDF using pPb

KOREA

!
NIVERSITY

Kinematic reach for CMS

pPb @ Vs = 8.8 TeV (0.1 pb1)

10°
CMS
107k Jets
. =2 Photons
105 rm Hadrons

Jets in CMS cover
high Q% in 104<x<1

S

105;— RHIC 0<y<3.2 K A 14 == gpspy —— FGSIO
; SO )
10 ‘@\\\ \ %\\\%‘ ™ -
= \\\\ \§" ® C
2[ Q7 p(¥) __ U -
10 sat,Pb y E %l Pb .
e, / | ; 2L R =nPDF/PDF
0 p ”""-'%\\\Sﬁ‘\:\ﬁ*&% Sk Q% =100 GeV?
107 10° 10° 10* 10° 102 10" 1 10° 10" 10° 10° 10" !
XA X

C. A. Salgado et al., J.Phys. G39 (2012) 015010

28-29 June 2013

HIM 2013-06 26



Some Kinematics in pPb

@ Low x from Pb/Large x from p CM. Frame
Proton
PR
L

0 .
. 7 Hdijet
Proton 4 TeV Lab. Frame

—

Pb 1.58 TeV/nucleon \

» +7 0

Hdijet
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Pb 1.58 TeV/nucleon

»+7

Lab.
Frame

\ Hdijet

0

Suppression of low-x partons in Pb
= Depletion of dijet with nge < 0

§ [ 15 |
=5 b Boostep PYTHIA$ 2 . {-;:ME_ N | —gEpsoeLo H
- @5.02TeV . hoiier] LT | ueesmio
F L R 1.3 —bEPS09LO | ]
O_ o - 2= Anti-shadowing
s i i
- /: I
_2:_ —— 0-9:’ I [
- : ; 0.8:_3 ' 'H'""I_z ' """'!_1 e
_3_— " » — 10 10 10 x
2y 16 g X, Francois Arleo and Jean-Philippe Guillet

(p11>120 GeV/c, pr,>30 GeV/c, |Apy,|>21/3)

http://lapth.cnrs.fr/npdfgenerator/



Ngijer_Distribution for Probing nPDF

CMS PAS HIN-13-001

Anti-shadowing
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Shadowing

= Suppression and enhancement in the n; distribution
~ X dependence of the parton distributions in nuclei
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As E; Increases, <Mgjjet> 09 . :
. [ ]
also increases and partons 0.5 e
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Distributions

Normalized n;;
25 T T 1 T T 1 | L | L T T 1 T T 1
- CMs ﬁrehmmary Q| gt 4|1<20 Gwl 1 CMS PAS HIN-13-001
- prj L dt=18.48 nb” 20 GeV<E] "1 <25GeV ]
21 antik,(PFlow) R=0.3 *  25GeV=Er " <30Gev—
- 30 GeV<E "7 <40GeV
:‘!g :a=-5. - ﬂ.¢1 2 > 2nl3 . E?F[hl 4]240 eV -
Z |=° 15/ p. >120,p__>30 GeVic - .
R S 1 Normalized by the
I AEER 1 distribution of the
8 10 - - 7 area for >0 to
=z [ g 5 . Ndijet
- % 1 compare the shape
o5~ .0 N - = The same shape
C o N - n "EMC region”?
0 :ﬁ'g1€ﬁ| Lo oy s b g%"1 B !_.,ﬁg L i
-3 -2 -1 0 1 2 3
ndijet

\__, Evolving “shadowing region”: quantitative
constraints on nPDF will be possible.
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& Quarkonium in Heavy Ions &
= Powerful tool to probe QGP

— Large mass requires a hard gg scattering at early stage

— Color Debye screening causes sequential melting of various
quarkonlum states [Matsui & Satz, PLB 178, 416 (1986)]

TZ12T, T= 3T,
YN Y, v Y LY Y

= Complications already in pp & pA

— Nonperturbative hadronization is not well understood.

- No model is available to explain the cross section and
polarization simultaneously in pp.

— Cold nuclear matter effect & breakup cross section

Puzzles in AA collisions
— Similar suppression at RHIC and SPS
— More suppression in forward than in midrapidity at RHIC
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J/Y at Lower Energies

= Two puzzles

. . . d*Ny,/dprd
1) At mid-rapidity, similar Ry (pp) = aa/dprdr
' AT < Ty p> d2oyy /dprdn
suppression at RHIC &
>P> (200 vs. 17 GeV), L Nuclear modification factor
while density must be o PHENIX, AuvAu, (122205 T syst.
higher at RHIC, : {] e e
2)More suppression at "o 5 NADD, 5o, gt 118 et

forward rapidity where

forward yield down.
2)Hot: recombination of

uncorrelated cc brings

the mid-rapidity yield up.
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density must be lower. il %}]% . @
= Possible explanations : %
1) Cold: shadowing, 0'4:_ ; % ¢ @ ¥ ;
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o E CMS Preliminary =
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O 10* b P ® ¢ E
(2} .
c A 7
L%’ 108 /(PbPb) = 147 ub'1_:
102 Z _§
10 -
p* > 6.5 GeV/c for [n| < 1.6 =
p > 3 GeV/c for 1.6 < |n| < 24 .
1 —
p! >4 GeV/c =
| | | lTl 11 I | | | [ I | I | | | I IJﬂ || ]

1 10 107

m,, (GeV/c")
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Prompt

Inclusive
Non-prompt

J/Y from
B decays

Direct

I/

Feed-down
from

y'and z,

CMS PbPb \[s,, = 2.76 TeV
L= 7.28ub’

Cent. 0-100%, |y| < 2.4
6.5 =< P, = 30 GeVic t

]
(=]

[s=]
(=]

o = 34 MeV/c?

[s=]

=== bkgd + non-prompt
===1 background

Events / (0.02 GeV/c?)

——

0,,=34 MeV

comparable
to pp

E 31

9% 27 28 20 3 31 32 33 34
2
m,, (GeV/c?)

3.5

= Simultaneous fit
— pu~ut invariant mass
— Pseudo-proper decay length

mJ/l//

Pr B\——""L”_Jl

Events/ (0.088 mm)

frrrrrrrrrprrT T e T T
[ CMS PbPb \[s,,, =2.76 TeV

L= 728 ub™

® data

s fotal fit

==== background

0 05 1
i1 (mm)
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Cent. 0-100%, |y| <2.4
65 < P < 30 GeVic

(CT02) €90 'SO dIHTr

=== bkgd + non-prompt
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Prompt J/y

dZNAA/dPTdU

JHEP 1205, 063 (2012) Ru(pr) =
T) =
Ling = 7.28 pb! < Tpa> d?oyy/dprdn

é 2_|\H‘|||||||3l|3|l-)l;“t’|5#|_|2|7|6|-||_elvl\H|||||||\H C ||‘||||||\||‘\|\\|\\|\ III|IIII|III\‘\I\\‘\I\\‘IIIIIII
14 - > < 4 14— PbPb |5, = 2.76 TeV — 14 PbPb s, =2.76 TeV —
1'8i m CMS: 6'5<pT<30 Gevie. lyl<24 L [ CMSI?INpromm Jhy - ] CIVIS promp1 Jhw B
C A' AAL'(,E fg;?é'ov 4 Cent. 0-100%, |y| < 2.4 49 Cent. 0-100% ]
UAU Sy = € 7 6.5< p, <30 GeV/c ]
| © PHENIX: |y|<0.35 4 BN r
o PHENIX: 1.2<|y|<2.2 |_ Up |_
+r STAR: p. > 5 GeV/e, |y|<1.0 - AuAu s, =200 GeV i AuAu \s, = 200 GeV =
|_|—|—: o PHENIX: J/w (ly|<0.35) o8k o PHENIX: J/y (Jy|<0.35) -
| l |_|_|_ o PHENIX: Jhy (1.2<|y|<2.2) ] i o PHENIX: Jiw (1.2<|y[<2.2) ]
K ] (both PRL 98 (2007) 232301) N - (both PRL 98 (2007) 232301) h

| 0.6
% STAR: J/y (preliminary) 4 ]
—] Cent. 0-60%, |y|<1.0 4 ]
IE!.'I 7 E'] L@ o ent. 0-60%, |y 3 o4k ﬁj B -
wlg g ] H e - 2 i
02F - % 3 02 ] 0.2 .

co b b b b [ | I [ L L] O\H\ | Ll ool
OO 50 100 150 200 250 300 350 400 OD 5 10 15 20 25 30 -2 1 5 1 O 5 0 05 1 15 2
Noar P, (GeV/c) y

= CMS measures J/y at high p;y > 6.5 GeV/c
— Factor 5 suppression for the most central 10%

= CMS, ALICE, PHENIX and STAR measure different phase space
— Require more systematic study for definite conclusions
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Prompt J/y

CMS PAS HIN-12-014, Lin, = 150 b 1

T T 17T TTT1T TT 1T TTT1T TTT1 TT 1T T T | I| III|III|III|IIIIIII|III|III|III|III|III|III|III

14 CMS P@milnary ! | B 14 'CMS P Prellmlnalryr e 14 CMS Prelimina ]
[ PbPb\/s,, = 2.76 TeV ] C Pbe\u Syn = 2.76 TeV ] © PbPb\/sy, =2.76 TeV ]

12F 4 12F — 12F .
1 1 1 1

0'8-_+ ' PromptJiy 1 %8 Prompt JAy ] [0'8:_ Prompt J/y

06 - osf T sl .
B L 1 F 1 F i
C " B ] C 7 C ]

04— L™ - 04 - (04~ |
C _ I ] B H | & : - _ ' ]

02y <24 - "0 o2f Cent. 0-100%—] (0.2~ Cent 0-100% —
- 6.5<p <30 GeVic . - ly| < 2.4 ] - 6.5<p_<30 GeVic .
IS YR FEEEE R RN SNl RN NEEEE AR T T N T T Co b bood b b oo b beod b b b
O =""50 100 150 200 250 300 350 400 X % -||0 1'5 2'0 2'5 30 02040608 1 12141618 2 2224

Noar p, (GeVrc) lyl

= CMS measures J/y at high p;y > 6.5 GeV/c
— Factor 5 suppression for the most central 10%
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AL

Model Comparison for Prompt J/vy

NPA 859, 114 (2011)+priv. comm. arXiv:1203.0329+priv. comm.

< _l T TT | TTTT | T TTT | TTTT | TrTTT | TTTT | T TTT | T TT I_ < B L L .l |. T 17T | L | T T | L ]
o 14~ CMS Prelimina;y - o 14 CMS Preliminary _
- PbPb\ /s,y =2.76 TeV i [ PbPb\/s, =2.76 TeV ]
1.2~ 7 1.2 .
L = Prompt J/y i = = Prompt Jiy i
% 1
T\ R. Rapp & X. Zhao ] - Rishi,Vitev: 0-100% 7
RV - Prompt J/\V (V=U) _ : |:| CNM E-loss + coll dissoc, Tfmax_
0.8\ Shadowing 7 0.81- [] CNM Edoss + coll dissoc, T, —
—+ * """"" Cronin - L 4
I S Formation time ] i i
06— \U - 0.6 —
R I ] B i
0.4 S - 0.4 —
i i i - - ]
02 y| <24 R 0.2~ Cent. 0-100%]
- 6.5<p <30GeVic : - ly| < 2.4 -
_I 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 111 I_ _| L 11 | [ | | L1 | [ | | [ | | 11 I_
00 50 100 150 200 250 300 350 400 00 5 10 15 20 25 30
Noart P, (GeVlc)

4 No need for the regeneration component at high p;
» Treatment of quarkonia energy loss similarly as open flavor energy
loss, without color-octet included, is not supported by data
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Need Recombination for Low p;

ALICE, arXiv:1202.1383

Statistical Hadronization

> Andronic et al,
arXiv:1106.6321

§ 141 B ALICE (Pb-Pb |5y, =2.76 TeV), 2.5<y<4  global sys =+ 12.5%
m - ====» Stat. Hadronization Model
1.2 L [77] Transport Model |
B Lo, [L] Transport Model 1I
-y,
08k A e do,, /dy=0.25 mb

Transport Model 1

0.4 :_ RaE N7/ :

0oL do,, /dy=0.15 mb

NN )
) M Y

-

O_Illllll | II|II I|I II|II I|II |

0 50 100 150 200 250 300 3%{0 400

)

part

= Models are sensitive to do.;/dy

> Zhao & Rapp
NPA 859, 114 (2011)

Transport Model II
—> Liu et al,
PLB 678, 72 (2009)
- Upper limit: no shadowing
- Lower limit: with shadowing
(artificially lower do.z/dy)

= The transport models are sensitive to the rate equation

controlling the J/y dissociation and regeneration
—For the most central collisions, recombination component is >50%

28-29 June 2013 HIM 2013-06

39




0.9

0.8

0.7

0.6

D.2

b fraction of J/y production

0.1

Non-prompt J/y

JHEP 1205, 063 (2012), Lmt

050
040
0.3:

%

coord+HO

1 ¢__$¢
ﬁ-

CMS PbPb \,sNN =276 TeV (|y|<2 4)
CMS PbPb s, = 2.76 TeV (1.6<|y|<2.4)
CMS pp Vs =276 TeV (y|<2.4)

CMS pp Vs =2.76 TeV (1.6<|y|<2.4)
CMS pp Vs=7TeV (1.6 <|y| <2.4)
CMSpp Vs=7TeV (1.2 <|y| <1.6)
CMSpp Vs=7TeV (ly] <1.2)

CDF pp Vs = 1.96 TeV (Jy|<0.6)

=
3

10 15 20 25
P, (GeV/c)

30

2
i'4

=7

28 ubt

1.4

1.2

CMS PbPb sy = 2.76 TeV

m Prompt Jiy
* Non-prompt Jhy

1

0.8

0.6

04

0.2~

20-100%

#

ly| <24

B 65<p <3OGerc

0-20%

e

50

100 150 200 250 300 350

N

part

= Secondary J/y from B decay suppressed strongly

— Factor ~3 suppression for the most central collisions

= p-quark energy loss in medium at low p;

~400
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Raa Of Non-prompt J/y

CMS PAS HIN-12-014, L;,, = 150 pb

- CMS Preliminary

- CMS Preliminary’

[TTTTTT T T T[T T I TT T TT T TTTTTTTTTT]TTT
CMS

14 ref —{ 14 et — 14 Prelimina —
[ PbPb\[5y, = 2.76 TeV " PbPb\/sy = 2.76 TeV PbPb\[syy = 2.76 TeV
121 J 12F - 12F -
1t 1 16
0'8_+ Non-prompt Jiy] 280 Non-prompt J/ 0'8:_ Non-prompt J/y/-
0.6 * - o6k - osf —
041 o L % - 04 “+““+_ + 7 0.4 +- + + _
0.2~ |yl <24 - 02 Cent. 0-100%—] 02| Cent. 0-100% -
r 65<p, <30 GeVic ly] < 2.4 r 65<=p_<30GeVic 7
oo b b b b b b bl I Ll L1 Ll Ll L Do Lo v ber b beos b b Lo b La o 1
% 50 100 150 200 250 300 350 400 O : 10 5 % 2% 30 0 02040608 1 12141618 2 22 24
part pT (GEVfC) |Y|

= Secondary J/y from B decay suppressed strongly
— Factor ~3 suppression for the most central collisions

= b-quark energy loss in medium at low p;
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AL

. Comparisons for Non-prompt J/v
& 140 CMS 'F;r'e',;r;;i;,gr'y' L - m Compa re to ALICE D mesons
" PbPb\[s,, = 2.76 TeV ]
12:_ \/Si ) E} ALICE: c-quarks _‘ . RAA (B? > RAA (D) .
- Z"erageDo'DtD“ i <:| u COﬂSIStent Wlth IMass Orderlng
- <pT<12 GeVlc, |y|<0.5 |
(= ] —Dead cone effect?
B b-quarks ]
0-8__ via secondary J/y(u'p)] CMS: PAS HIN-12-014
- + 6.5<p, <30 GeVie) lyl<2.4] ALICE: JHEP 09, 112 (2012)
0.6—“ ]
04:_ H * * * _: g _‘I“‘I“I“I“I“‘l“l“l“l_
L * $ o 14— CMS Preliminary Vitev: 0-10%, y~0 —
g . g © PbPb\s, =276 TeV | g N oo |
0.2/~ ] 1o WHDG: 0-80%, y~0 _
:,,,,|,,,,|,,,,|,,,,|,,,,|,,,,|,,,,|,,,,: i ] Rad+Coll E loss ]
% 50 100 150 200 250 300 350 400 15 '“;“QU‘J’E?;‘:W V”"w -
Npart He,Fries,Rapp: 0-100%,y~0 i

I HF transport ]

= Radiative energy loss is not

Ve

: 0.6 .
enough to describe b-quark -
suppression 0.4 ¥ .
Vitev, J. Phys.G35, 104011 (2008)+private comm. 0.2 N

: b-quarks: 0-100% Inl<2.4 .
Horowitz, arXiv:1108.5876+private comm. +(v:, secondarywam-» 1
Buzzatti & Gyulassy, arXiv: 1207.6020+private comm. O s e s a0

He, Fries & Rapp, PRC86, 014903 (2012)+private comm. p. (GeV/c)
T



W(2S)

CMS PAS HIN-12-007

—_— B T T | T T | T T | T T | T T | T | T | T ] ‘—-104 = | T 11 | T 11 | T 11 | T 11 11 1 1 T 1 |_:
tb::_- _ CMS Preliminary % - CMS Preliminary :
[0) > C
& | PbPb |5, =2.76 TeV G rpp Vs=276TeV
3 L, =150 ub” o =(29 = 1) MeV/c? 3 10° L =231 nb” o =(32= 1) MeV/c® 3
S © ¢ * data ]
; 10°F . * dala - ‘; i & total fit
e B ] /l'l) =% total fit 7 = & =1 background
o ==:background o 107 = i E
w 0-20%, Iyl < 1.6 w PbPb fit
65 < p, < 30 GeVic
10k '/.
) /ﬁ'
_III|III|III|III|III|III|III|III_ :III|III|III|IIIIII|III|III|II_
26 28 3 3.2 34 36 38 4 4.2 26 28 3 32 34 36 38 4 4.2
m,, (GeV/c?) m,, (GeV/c?)

" Ry(2s)- raw yield ratio of y(2S) / J/y

= For 6.5 < p; < 30 GeV/c and |y| < 1.6
Ry2s) In 0-20% PbPb ~2 times smaller than in pp
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W(2S)

CMS PAS HIN-12-007

—_— T T | T | T | T | T | T | T | T T 1T (\‘;“104 :_ | LI | LI | T T T | T T T T T T T 1TT T T I_:
L | CMS Preliminary 12 FCMs Preliminary :
o L

G | PbPb |5y, =276 TeV G [pp (s=276TeV i

3_ - L, =150 ub” o =(50 = 1) MeV/c® 3 10 Lt = 231 nb” o =(51= 1) MeV/ic®

3 A 3 c ® data .

~ ) e data =~ ### total fit

£ J % total fit g | ==+ background

o =-. background 4 1PE ]/ 1]) . |

LW g2 ' 0-20%. 16<lyl<24 — W E PbPb fit E

3<p, <30 GeVic . - :

bes) || SEART L

s - * A+

N NN N I I I I A |_ | P T I T O O O T| Lo b by
26 28 3 32 34 36 38 4 4.2 26 28 3 32 34 36 38 4 4.2

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

= For3 < p; <30GeV/cand 1.6 < |y| < 24
Ry2s) In 0-20% PbPb ~5 times larger than that in pp
with LARGE systematic errors
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LIJ(ZS) / J/LIJ Double Ratlo

: Pbe \T_ 276 TeV
¢ 65<p_<30GeVic,ly|<16

EPbe \'5 —Q?GTeV
9:_ o 3<p_<30GeVic, 1.6<|y| <24

— ' )
= 7
S £ 1&
Q 8:_|:|ppuncerlainty(global) _: :Dppuncenainty{global) R
E c ] = >
~ 7" = I 2
N E [ T
> °F E sl 15
gy = : N
& F . 0.6 NN
S E B o
3:_ $ _: B O
C n 0.4_— — \I
2— —f i
- ] 0.2 ]
1§ | | | |CM|S Prelllmlnlary g i | | | ICI'V1|S Prellmln?ry
% 50 100 150 200 250 300 350 400 % 50 100 150 200 250 300 350 400
Npan Npan
= For pr>3 GeV/c & 1.6<|y|<24 =For p;>6.5 GeV/c & |y|<1.6
Indication of y(2S) being less y(2S) are more suppressed

suppressed than J/y (<2c effect)  than J/y
Accuracy limited by pp statistics!
(Need high-statistics 2013 data!)

28-29 June 2013 HIM 2013-06 45



From J/W To Y

= Recombination is much

ALICE, PRL 109, 072301 (2012)

(pr > 0 GeV, 2.5 < y < 4) smaller for Y than J/y
24 Inclusive J/y, 2.5<y<4 - O-bE/O-CC_ = 1/20
x 1‘25 E ;;::tflr;f;v?sﬁ;yfz 70ub’ ’ffhat.:elaITNP.ﬂ;B!)Q[QD‘IIHM O-CC_' — 6.10 i 0.93 mb
o R Z in pp at 7 TeV
/
08l {”4// 0Py Gelle [LHCb-CONF-2010-013]

= Co-mover absorption effect
Is smaller for Y than J/y

g

0‘23_ TSl = gy _y IS expected to be
o significantly (about 5~10
0 20 100 150 200 250 300 35[2 400 .
N times) smaller than o;,_;
Y 4 . .
- — Absorption cross section

= Recombination is significant for op—y ~0.2 mb at 150 MeV

J/y at low p; in central events lLin & Ko, PLB 503, 104 (2001)]
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%S\?R Y at Lower Energy

= Recent pp data at 200 GeV by dielectron channel at |y| < 0.5
= Consistent with the CEM calculations and world data trend

n 100
g - STAR Prelminary 10°E ]‘(1 S+2$+3S)
3 90 p+p\/s,, = 200 GeV F %k STAR, ptp
80— ly, |<0.5 - ® CFS, p+A
- NN [ mEBOD5 p+A
70 . ¢ Q 102 4 CCOR, p+p
60k ° N — [ v R209,p+p
- | : LON Comb. Background (CB) L =
501 T + Drell.vans b >
. . E CB + Drell-Yan +b b E 10 L
40— H +4, s====== CB+ DY +bb + Y(15+25+3S) b’“ F
C : | 3
- : | O R808, p+p
*F J ‘+’ e a O UA1, p+p
20; glf ‘T+\.| _*_ 1= N CDF, p#
I ;’} — NLO CEM, MRST HO,
— &Y - , _ 3 _
s &I m=4.75 GeV/c2, miu=1
< L L1 L1 [ A AL Lol ! Lol
0 8 10 12 14 16 10 102 10°
m,. (GeV/c?) \s (GeV)

— Recent preliminary data presented by
Manuel Calderon de la Barca Sanchez, 5™ International Workshop on
Heavy Quark Production in Heavy Ion Collisions (2012)

- Old data: PRD 82, 12004 (2010)
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P

First Y data in AuAu from STAR,

Counts

Y at Lower Energy

arXiv:1109.3891

60 STAR Preliminary
= 0 to 60% centrality
= e N_-N_,-N_
50 :_ = Fit Function
- 285.6 +/- 52.0
40— = DY + b-bbar
- 72INDF = 1.5
30 | T =196.6 +/- 35.8
- 4
205
ofl oy
. | + _l
0f T
_10 :_—'ll—
20
- I — l L1 1 1 | - - ] 11 1 | ] 11 1 1 ]

9

10 1 12
M,..- (GeV/c?)

T(1S+2S5+3S)

Stronger suppression
of Y(1S+2S+3S) for
more central collisions

® T(18+428+438) e'e

—
yl<0.5

p+p Sys. Uncertainty

| p+p Stat. Uncertainty

« oT(18)— e'eloT(15+425+3S) e'e”

——— R

;:' SHISHI8) i only 1T(18) survives

o] Jiy p‘ > 5 GeV

. T+ e

STAR Preliminary

- \Sy = 200 GeV

vl v v e ba g b

| | | |
50 100 150 200 250 300 3

N

part

Jo be compared with CMS data
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1 CMS Experiment at the LHC, CERN
é

Datarecorded’ 2010-Nov-12 03:55°57 236106 GMT{04:55:57 CEST)
Run / Event: 150887 / 1792020

[np]

046 Gev/2 | \
PbPb oy 0.06 sz/f: /)\i |

y -033

(] |
pr 4.74 GeV/c
n -0.39

(L]

pr 4.70 GeV/c

= n -0.28

CMS Experiment at the LHC, CERN
Data racordad: 2013-Jan-21 02:02:03.076254 GMT(20:02:03 CDT)
Run/ Event 210634/ 68185478
[np] \
2 o,
m 9.45 GeV/c / =

“pgaamiiNary - -
‘ é-(z)iGeV/i“- TR s“’?"/' /”;f b
0 = —— [ : -"-’-*-‘523?’;% pP
e~

s

(W] =
pr 4.30 GeV/c
n -0.52_ ;
(1]
p; 6.50 GeV/c
N.-=0.04
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PRL 107, 052302 (2011), PbPb MinBias, L;,, = 7.28 ub.

U 80 %
2 F CMS, pp,\s = 2.76 TeV > 60— CMS, PbPb,\'s = 2.76 TeV
© 70— p p » PP, R P b P b | “
S ek Pl >4 GeVic, |if'| < 2.4 T 50— p; >4 GeVic, | <2.4
= E pY <20 GeVic S Py <20 GeVic
t 50— = —
e L. = 225 nb™ £ _
40— @ 30 b os e pp lineshape
30 W — PbPb fit
20—
: ; - ! ‘ .._.#. .%.-}%%..%.M i 1 }
10— + + + g +
0 Il 1 1 1 Il 1 Il Il ‘ Il 1 Il 1 | 1 1 1 I%‘ | Il Il Il Il | Il 1 &I Il 1 1 | Il 1 1 Il ‘ Il 1 Il Il ‘ 1 1 1 1
7 8 9 10 11 12 13 14 11 12 13 14
iy invariant mass [GeV/c?] uy invariant mass [GeVic?]

Y(2S+35)/ Y(15)|ppp
(25 +39)/ Y(lS)‘ »

=0.317912 £0.03

* Probability to obtain the measured value, or lower, from
the background fluctuation is 0.9% (2.40 effect)
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Y(2S+3S) Suppression in 2011

PRL 109, 222301 (2012) PbPb MinBias, Ly = 150 b

.-—-..800- ||||||||||||||||||| | L L
= T T ™ T ] - ]
ti; S0 CMS pp r 276 TeV %S - e data CMS Pbe VSun = 2.76 TeV
K i <24 & 70— Popbfit || Cent. 0-100%, Iyl <2.4

- : b —-— _ -1
S 4o o' > 4 GeVic . S 600 pp shape || Ly =150 ub E
= L.T = 230 nb” < [ p>acevie
wn imt — ﬂ -
— - - c 500'__ -]
g 30 . gt
L ¢ * data w 400 ]
! — total fit u
------ background ] 300 :
200
100f

| | L1 11 L1 1 ] B L1 11 |
11 14 %
Mass,., (GeV/c?) Mass(u*u) [GeV/c?]

Y(25)/Y(1S) |pp = 0.56 £ 0.13 + 0.02 Y(25)/Y(1S) |pppp = 0.12 4 0.03 + 0.02

Y(3S)/Y(1S) |pp = 0.41 £ 0.11 + 0.04 Y(3S)/Y(1S) |pppp = 0.02 + 0.02 + 0.02
(< 0.07 at 95% CL)

Ratios not corrected PP PbPb o o
for acceptance and Y(1S) 88+11 1317+73 4 Limited by pp statistics!
efficiency Y(2S) 49+10 156438 Large pp statistics in 2013!
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PRL 109 222301 (2012) PbPb I\/IlnBlas Lmt = 150 bt

S, 50 -

tig - CMS pp F 2.76 TeV .
S T Iyl <2.4 .
S 40~ p_*; >4 GeV/c N
E L, =230 nb"

€ o[ ]
9 % ¢ data

(NN}

—— total fit
background ]

= Observation of Y(25+3S) relative suppression (>5¢ effect)

10 11 12 13 14
Mass,., (GeV/c?)

IIIIIIIIIIIIIIIIIII |IIII|IIIi—

~ 800
1’}_. - e data
7001 .
& ™°F — Popoiit
S ool PPshape
=z - p_ >4 GeVic
0 [
c 500
2 r
w "
400

|

CMS Pbe VSam =276 TeV -

Cent. 0-100%, lyl < 2.4
Lint = 150 !-‘-b_1

Mass(uw) [GeV/c?]

Y(2S +38)/ Y(1S)| pyps

(25 +39)/ Y(lS)\ »

=0.15+0.05+£0.03
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PRL 109, 222301 (2012)

_& [T AN RN u Centrality integrated
@ 14 CMS PbPb \[Syy = 2.76 Tev -
E e I I (COTA(COT R
Sg 1: [ pp unc. p > 4 GeVic |_ Y(ZS)/Y(lS)|pp
s ¢ i = 0.21 + 0.07 + 0.02
o [ YG/YAS)lpbey
U.4+ I + + 10-20%  5-10% _: Y(BS)/Y(lS)lpp
02 * + + = 0.06 £ 0.06 + 0.06
O:||||||||||||||||||||||||||||||||||||||_ (<O-17at95%CL)
0 50 100 150 200 250 300 350 400

N

part

= Y states are suppressed sequentially
RaalY(3S)] < RyalY(2S)] < Rya[Y(1S)]
= Y(2S) is suppressed even in the most peripheral bin.
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Y(1S), Y(2S) and Y(3S) Ry,

PRL 109, 222301 (2012)

é _IIII|IIII|IIII|IIII|III
14~  CMS PbPb |5, =2.76 TeV

¢ prompt J/w (Preliminary)

12 mx(19)

- o T(2S)
1<+ 1 1(3s), 95% upper limit

N

part

= Centrality integrated results

R4[Y(3S)] = 0.03 + 0.04 + 0.01

G Y(1S)

i oy
- i 3 : ]/l/)

; (prompt)
T - Y(2S)
OC}I | 5|0 - 100 150 200 2%0 300 350 400 ' Y(BS)

(<0.10 at 95% CL)

[Note] If the feed-down
contribution ~50%, Y(1S)
suppression Is consistent
with the suppression of
the excited states only.

= Y states are suppressed sequentially
RaalY(3S)] < RyalY(2S)] < Rya[Y(1S)]
= Y(1S) is not suppressed in the most peripheral bin.
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m1.4_Pbe \ 276 TeV AuAu \Js s, = 200 GeV ]
[ s oueas ;f,fj‘;_i = STAR data for Y(15+25+3S)
Fi| M2 E in AuAu at 200 GeV

# ] integrated for centrality

0.8:— -

: + RaalY(1S + 25 + 35)]
s i ﬁ% * - = 0.56 + 0.21+398

04" % *i arXiv:1109.3891
ook ot

LA

I T T
OO 50 100 150 200 250 300 350 400

Noart PRL 109, 222301 (2012)

= CMS data for Y(1S+2S+3S) integrated for centrality

Y(1S+25+3S)|pbPb More suppression
RaalY(1S +2S +35)] = Y(15+2S+3S)|pp at higher energy

_Y(lS)lpbpb 1+Y(25+3S)/Y(1S)|pbpb . 14+0.14 —
T Y(1S)Ipp X 1+Y(25+3S)/Y(1S)|pp 0.56 X 14097 0.32
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AL

Comparison to Model for Y

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

= Strong Y binding scenario <14~ CMSPbPb |sy=2.76 TeV

Y(1S) Y(28)
= Mostly consistent Wlth. data 12 3 CUS data o WS data b
= Y(1S): Small regeneration  Regenerated Regenerated :

L AR R

indicates the suppression is
mostly primordial. 0.8
= Y(2S): Regeneration is
dominant in central collisions
— Large uncertainty in nuclear .,
absorption: pPb will help!

Nuc. Abs.

— T~ 610 MeV in this P2EEN + ------- + --------- + ................................... (
calculation ol o e PN YR
e A there an SenSitiVit 0 50 100 150 200 250 300 350 400

re y y N,

to initial temperature?
Model calculations:

A. Emerick, X. Zhao & R. Rapp, EPJA 48, 72 (2012j
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KOREA

Comparison to Model for Y

= AHYDRO: Anisotropic . [T
hydrodynamics model nc1.4:— CMSPbe\/%=2.76TeV —

. . L er(s) L= 150057
» [ncorporating lattice-based T erEs) vl <24 ]
potentials, including the real i v ———

and the imaginary parts

» Includes sequential melting

and feed-down contributions
= ~50% feed-down from y,

= Dynamical expansion with

variations in initial conditions gl oot

for T, and n/S: data indicates Noar

— 552 < T, < 580 MeV Model calculations:
1 < 4mn/s < 3 M. Strickland and D. Bazow, NPA 879, 25 (2012)

= mm M. Strickland, PRL 107, 132301 (2011)
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Y(1S) Rpa VS. prand y

Data: JHEP 05, 063 (2012), Model: M. Strickland, PRL 107, 132301 (2011)

II|III‘I\IIIIIIIIIII\I
CMS PbPb |syy = 2.

M. Strickland
—4m/S =1

-

—T

Cent. 0-100% |

‘I\I 111 111 111 111
10 12 14 16 18 20

8
P, (GeVl/c)

= Obtained with 2010 PbPb (7.28 ub1) and 2011 pp (225 nb1)
— Clear suppression at low py

= High-statistics data sets: 2011 PbPb (150 ub1) and 2013 pp (5.41 pb)
— The accuracy of the results will be greatly improved in the future.

02

145 CMS PbPb |Sy, = 2.76 TeV

120

T

0.8

04r M. Strickland
N —4m/S=1 ]
— Cent. 0-100% - 4mn/S =2 7

- 0< p, < 20 GeV/c

III|III|III IIII|III|III|III|II\‘III
00 02040 12141618 2 2

224
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Summary

Long-range dihadron correlation and dijet behavior
- Jet enhancement at low p; and deficit at high p+
— The effect is larger on away side

2. Dijet correlations

— Jet fragmentation and shape is modified at large r and low
pr in PbPDb

— Dijet n distributions in pPb are useful to study nPDF

3. Quarkonium production
— Prompt and non-prompt J/ /1y are suppressed.

- P (2S) are more(less) suppressed than J /i at high(low) p+:
Analysis with high statistics pp data is ongoing.

— Sequential melting of Y(nS) is observed in PbPb

1

» More public heavy-ion results in our web AL
https://twiki.cern. ch/tW|k|/b|n/wew/CMSPubllc/th3|csResuItsHIN
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