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1. Introduction
— CMS detector
— Heavy-ion runs at LHC

2. Experimental data
— Two-particle correlations
* High-p; dihadron correlation and dijet behavior
— Dijet production
« Angular Correlation and momentum imbalance
» Modification of jet fragmentation and shapes

— Quarkonium production

* Prompt J /4y, Non-prompt ] /4, and y¥(25)
* Y(15), Y(25), and Y(3S5)

3. Summary
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1. MinBias trigger: Coincidence of BSC and HF signals (¢ = 97 + 3 %)
2. Dimuon trigger: Two tracks in muon detector
3. Jet trigger: Uncorrected jet E; > 35, 50 GeV
4. High-p; trigger: p; > 12 GeV
5. Photon trigger: Uncorrected photon E; > 15 GeV
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PRL 109 022301 (2012)
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= v; (and also v,) vanishes for p; > 20 GeV/c
= Weaker correlations of path length and W; (and W,) plane
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Theory: B. Betz, M. Gyulassy, arXiv:1201.0281
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(a) PbPb \[s,, = 2.76 TeV
L, = 150 ub™
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(b) PbPb \[5,,, = 2.76 TeV
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= 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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* Need to subtract event-plane related correlations (v,-v,)

from dihadron correlation

Before ZYAM Subtractlon
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Near S|de

CMS PAS HIN-12-010
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Now turn to the full jet reconstruction!
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ependence of Dijet Imbalance

PLB 712, 176 (2012)
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= 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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= No significant p; (as well as cone size) dependence
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. Angular correlatlon

arXiv:1205.0206
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= Secondary vertex tagged using flight
distance significance
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CMS (* preliminary)  PbPb\[Syy = 2.76 TeV CMS PAS HIN-12-004
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b-quark suppression at low p; First observation of b-jet

by the secondary J/ analysis suppression at high py

(see later)
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Definition of missing py!!
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flcatlon of Jet Fragmentatlon? '

L' CMS Preliminary s Leaéhng Jet
E anti-k,(R=0.3) PFlow Jets
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Tracks m cone (AR < 0 3)
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533544‘005115225335445

Track )

= In(py /Py

= The jet fragmentation functlons 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 ub1!
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= Changes from 2010 to 2011 data analysis

- ~20 times more statistics

— Simplified jet selection: inclusive jet with p; >

- Lower py tracks down to 1 GeV/c

100 GeV/c

il i "
10— CIVIS Prellmlnary = « PbPb 3 Jetp > 100 GeV/c, m|<2 E: 4 (@)
= T —— pp reference T Track p >1 GBVJ'C r<0.3 E i Z
] il 1 WD
%'_ 12 _.."- g ERY)
é é =
Zﬂ 1 : : |
S 10 E : : T
i ] 1 —
] ] 1 Z
102 50-100% il | !
15" ] T : 1N
; ] 1 ] 1O
o i ] ] k) it
a I Is ] T W
' r T e T «* ]
Qo 05F ] . 1 .
o L T % T -
o] * O + » 1 .
o BAL IS cegue T ! N . S i ol W , o
or s sssaguvsennsssne P TTY L2 il bttt SesaeaanrsereReN CY PP Lk deddaiddd
05" : 1 1
o ol L | i Ll 1 Ll
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 py tracks down to 1 GeV/c

10— CIVIS Prellmlnary E3 e PbPb E3 Jetp > 100 GeVic, m|<2 + = @)
1 —— pp reference E Trackp >1GeV/c, r<0.3 E E Z
1N
] N
1 L
1
1 Z
102L  50-100% I
150 1N
K 1O
o 1Ir 4
o 1 W
0 05 ]
5 s, toe
4 ) 1 4 1
o 0 j"”f'""';'.'i'r.”t'tI‘"'"""‘_j """"""" stsgetaveresess S R Shgaeaavrestess .- """'""i';;';'.";"i'.’" DDDD il
-0.5 T T T
U E R IS Ao B R AT R IR
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!
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CMS PAS HIN-12-013

FL

Int —

101 CMS Preliminary

=129 ub”’

50% - 100%

s PbPb
pp reference

30% - 50%

Systematic uncertainty

10% - 30%

an- : -
+ Jet p > 1OOGeWc h‘|| < 2
Track p, >1GeVic,r<0.3

0% - 10%

€ =1In(1/z)

€ =1In(1/z)

é:

In(1/z)

£ =1In(1/z)

7-8 December 2012

HIM 2012-12

26




ification of Jet Fragmentation?

CMS PAS HIN-12-013

_|IIII|IIII|IIII|IIII|IIII|I
- CMS Preliminary L, = 140 ub™

<= 2010, 0-30%, Leading jet
2011, 0-10%, Inclusive jet
mEm 2011, 10-30%,Inclusive jet

L B L O N I L A L I I B
+ JetpT > 100GeVic, | <2
Track p_ > 1GeVic,r<0.3

R ]

Systematic uncertainty

10% - 30%

- £ Jetp_ >100GeVic

¢ =1In(1/z)
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CMS Preliminary |
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8- PbPb i—_z?nTe\f
= pp retference

P > 100 GeV/c |

ptT"‘ >1 GeV/c
Inl<2 1

radius (r)

Same as pp close

AT BRI R [ S
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1 []2
radius (r)

to the jet axis
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radius (r)
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1 [}2 0
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/6_....|....|....|....|... S
-
7
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.
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L
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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

In between

larger radii
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CMS PAS HIN-12-013

W¥(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

1-2?‘""""l""|""|""|""___‘""I""I""I"" T ""___""'I""I""IIIII e ""____'"'I""l""l"" ""|""__
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= @ | © -3
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B> 32 GeV/c
(J16-32 GeV/c
[Z)8-16 GeV/c
()4-8 GeV/c
(J2-4 GeV/c
[J1-2 GeV/c

PYTHIA 100 GeV inclusive jet

Anti-k; R=0.3 jet

Charged particle energy fraction

0.4

No change
(same as pp) at
small r, high p;

%
.14

Narrowing/
depletion at
intermediate r, pt

Broadening/
excess at

large r, low p+
(~2% of jet energy)
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= Powerful tool to probe QGP i Usr>

— Large mass: a large momentum oot Y
transfer needed in hard gg scattering “
at early stage |
— Color screening: various quarkonium o I
states melt at different temperatures oo mer [ e Xy ¥
— Important signature of the QGP
formation
[Matsui & Satz, PLB 178, 416 (1986)] A. Mocsy, EPIC b1, 705 (2009)
State J/4 (1S) | xc (1P) | ¥’ (25) N A
m (GeV/c2) 3.10 353 3.68 5 = ; I
ro (fm) 0.50 0.72 0.90 = ] ;
g o \
T(1S) | xp(1P) | T7(2S) | x (2P) | T" (3S) E (2:3) (:lP) (18)
0.46 9.99 10.02 10.26 10.36 i o L
0.28 0.44 0.56 0.68 0.78 E(Z:S) E’(IP) S

Energy Density
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mplication in pp & pA |

= Nonperturbative hadronization process not well understood
— CEM, CSM, NRQCD or COM, etc.

— No satisfactory model to explain the cross section and the
polarization simultaneously in pp

=0

< 100 W(25) production "0 1 [T Frmemmemmmh e ———— ] 0 n
2 10 at sqrt(s)=1.96 TeVNNI\II_IbQ E‘ _ ------------- Direct y(25) CDFdataats1'2=L1(.3‘3rE Tev —— 4 5 <
5 1F cOFdata —— 1 o 0.5 [}~ NLO® 15 Q
= 0.1 scale and mass uncertainties | T_ L NNLO* — O Q_J
& combined in quadrature =] - 1 O O
< 0.01 f = 0F "{—‘ T o C
© —! L l — =
S 0001 e [ ) { ) —la
= 00001 [ 1—'0-5 _ 1 X0
o 1e-05 "= u 'S =
T le05y " curves: i 11 20
.8 1e-06 ¢ <5< 4 my = = 1 1 1 1 1 ! I 1 S o
L 1 I L A <

0 5 10 , 15 20 25 30 5 10 15 20 25 30 35 40 45 -
T (GeV)
P; (GeV)

» Cold nuclear matter (CNM) effects
— Can be studied in pA (or dA) collisions
— Essential to understand hot, dense nuclear matter effect

— Errors are still very large, €.9., Ggearup= 2-8'74 Mb by the
EKS model fit to PHENIX Ry, (J/w) [PRC 77, 024912 (2008)]
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/Y at Lower Energies
= Two puzzles 2N, , /dprdn
1) At midrapidity, similar Raa(pr) = < Tua> d2oyy/dprdn
suppression at RHIC &
SPS, while density must & | Nuclear modification factor
be higher at RHIC )] Sem st s o
0.3:-% R3S, SvU, Depe 2 11% ayet.
0.6H @%@{%
L .
0.4 %b %{p 3
: i i
0.2_—

ol |11 | I | | 1111 | 1111 | [ | [ | I | | 1111
06 50 100 150 200 250 300 350 400
N

part
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» Two puzzles
1) At midrapidity, similar
suppression at RHIC &

SPS, while density must & F Nuclear modification factor
be h|g her at RHIC o= ® PHENIX, Au+Au, |yle[1.2,2.2], + 7% syst.
. B O PHENIX, Au+Au, |y|<0.35, £ 12% syst
2)More suppression at {] NS P, 0y 1% .
forward rapidity, while i D NASB, S4U, 0<y<, & 1% syst.
density must be lower L %}]%
= =
0.4_— % |E A &
: g @%
0.2~ @

dZNAA/dPTdU

R —
aa(Pr) < Tpa> d?oyy/dprdn
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P /Y at Lower Energies
" Two puzzles R (o = LNaa/dprdn
1) At mldrapldlty, similar AA\PT) = 2 Tyua> d2ony /dprdn
suppression at RHIC &
SPS, while density must & F Nuclear modification factor _
be higher at RHIC ] 5 PHENX,AueA, b1<035 12% syt
2)More suppression at 0.8 {] & NAGD.Insi, G<yer, 11% ayat,
forward rapidity, while % CINA3S, S+U, G<y<t, & 1% syst.
density must be lower 0.6 zgc}u%
= Two possibilities - + E
1) Cold: shadowing, 0.4 % E{h 5
saturation brings the - E g i @{*
forward yield down 0.2~ }
2)Hot: recombination of -

el
=1n
—'L:
o
oS-
—'L:
w—
oS-
M-
o
c_
N
m_
(=
W
o
(=
W
t—
oS-
Fyn
o
o

uncorrelated cc brings
the midrapidity yield up Noar
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/Y at Lower Energies

J /Y suppression can not be satisfactorily
explained by models.

STAR, PRC 80, 041902 (2009)

5 _ o
41 ® STARCu+Cu0-20% e o oo Diverse
31 ¥ STAR Cu+Cu 0-60% charm \
— quark
5 O PHENIX Cu+Cu 0-20% ———— heavy resonance Z‘/)EOI‘@Z‘/C&?/
~  PRL101, 122301 (2008) results

QGP+recombination+...

Calculations for open charm

1 AdS/CFT

= LHC data with higher temperature and density
will help to resolve the J /¥ puzzles.
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CMS Preliminary
PbPb {5, = 2.76 TeV

Y(1,2,3S)

L Lirn

y(2S)
L, (PbPb) = 147 pb"

p$=*4GeWc

] ] L1 11 I| | ] ] I | I|

1 1n:2 10°
m,, (GeV/c?)
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( D”e‘:t\ » Simultaneous fit

fz

Jhy o :
Prompt — U u” Invariant mass
. Iy Feed-down — Pseudo-proper decay length
Inclusive from
Iy Non-prompt v and g, m e
Jhy from |, =L ¥

\ B-decays / we Pr

Events / (0.035 mm)

:I LI | LI N | | LI | L t;"-"t SDDE TTT | TTTT | TTTT | TTTT | TTTT TTTT TTTT TTTT TTT A
- CMS Preliminary § L CMS Preliminary i
10% — 5 - — NJ..HZEEQE + 177 -
= PbPb \[Syy = 2.76 TeV | 8 2500 POPD \5 =276 TeV o Z5% wevie | g, = 35 MeV
C L,=150pub'g lyl <24 S L =150ub™ * data ’
o es<p<woeve | o [0 b s 1 comparable to pp
10 g_ Cent. 0-100% 3 : EDDD__{;E { D <30 GeVic s bkgd + non-prompt |
y ;;ﬂ::b:m % E Cent. ﬂ-l:ﬂ]'[]% mmn background E
i s hkgd + non-prompt g 1500~ —
10? = - W C ]
B 1000 / -
10 = N ] CMS PAS
- 500} 4 HIN-12-014
-]=_ b 'I:;.‘ — E r . :-I:I'I-I-'I-::II;' ! :
Fi | Lot b v a b o b asias g LL_ L 13 E |||||||||||||||||||| |
-1 05 0 0.5 1 15 2 6 27 28 29 3 31 32 33 34 35 38

(mm) my, (GeV/c?)
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Prompt J/Y

JHEP 1205, 063 (2012), L;,; = 7.28 ubl

2I\\\ TT T T [T T T T [ T T T T [ T T T T [ T T T T [ T T T T T T T —TTT T T T — T A
< 2T | pangy | | nanns R | | | | | R RARRNRARRRRARRN RARRN
C PbPb |5, = 2.76 TeV ] — _ = ]
o 1.8 - CIV.:‘S?Ig.5<p <30 GeVic, lyl<2.4 14r POPD Sy =276 TeV 1 POFD \Syy = 2.76 TeY
C T m CMS: prompt Jiy = m CMS: prompt Jhy
- ® ALICE: 2.5<y=4.0 I Cent. 0-100%, y] < 2.4 1.2 Cent. 0-100%

AuAu ‘JS = 200 GeV

| o PHENIX: ly|<0.35
o PHENIX: 1.2<|y|<2.2

1

II‘II\__Il\l\\I\

4 STAR: p_>5 GeVie, |y|<1.0 - i AuAu |5, = 200 GeV
[TT7 os * o PHENIX: Jiy (Iy|<0.35)
| = i o PHENIX: Jiy (1.2<|y|<2.2)
'l' r _‘ 0 67 (both PRL 98 (2007) 232301)
T * STAR: Jiy (preliminary)
- Cent. 0-60%, |y|<1.0
IE!.'I [+] \I-' (4] 7 o04h W .
¢@ @ + E E: B B
"9 e, b0
L1l | I\\\: _\ | | | | ‘ | | | ‘ L1 | | \_
OO 50 100 150 200 250 300 350 400 OU 5 10 15 20 25 30
Noar P, (GeV/c)

1

0.8[

— 06f

0.4

1 02F

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

O \

6.5 < p, < 30 GeV/c

fffff % !

AuAu s, =200 GeV
o PHENIX: J/y (Iy]<0.35)
o PHENIX: Jiy (1.2<|y|<2.2)
(both PRL 98 (2007) 232301)

e

e N

# L@B’]_‘

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

c:|v|s PAS HIN-12-014, Lin, = 150 b 1

T T 11T TTT1T TT 1T TTT11 TTTT TT 1T T T | T III|III|IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
14 CMS P@milna\ryI | B 14 'CMS P Prellmlnaryr R 44 CMS Pl;ejllmmla L
[ PbPb\/sy, =2.76 TeV ] B Pbe\l SnN = 2.76 TeV ] [ PbPby/sy,=2.76 TeV ]
12F 4 12F — 12F .
1' . 1I . 1'
0'8:_+ ' PromptJ/iy 081 Prompt Jiy [0'8:_ Prompt J/y
0.6/ - o6l T sl .
B L 1 1 i
C " B ] C 7 C ]
04— L™ - 04 - (04~ |
C _ I ] B H | & : - _ ' ]
0.2:—|y|<:2_4 - '—: 02k Cent. 0-100%— (0-2[~ Cent. 0-100% -
- 6.5<p <30 GeVic - L ly| <24 ] - 6.5<p_<30GeVic
IS YR FEEEE R RN SNl RN NEEEE AR T T N T T Lo b b b b b oo b b Lo Lo Ly
DG 50 100 150 200 250 300 350 400 O{] é '||0 ']|5 2|0 2|5 30 DU 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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NPA 859, 114 (2011)+priv. comm. arXiv:1203. 0329+priv. comm.

< TTTT | T TTT | TTTT | TTTT I TTTT | TTTT I TTTT | T TT I_ < i T T 17T T T 17T T T 17T T T 17T | L | T T 17T |
o 14 CMS Prellmlna7y — o 14 CMS Prellmlnary —
[ PbPb\ /s, =2.76 TeV ] [ PbPb\/sy, =2.76 TeV ]
1.2~ 7 1.2~ -
Ly = Prompt Jiy i I = Prompt J/y i
1
\ R. Rapp & X. Zhao ] i Rishi,Vitev: 0-100% i
n .\A. S prompt J/\V (V:U) i | |:| CNM E-loss + coll dissoc, Tfmax_
0.8 __ B l:"\"l‘ ----- Shadowing __ 0.8 __ CNM E-loss + coll dissoc, Tfmi__
_+ * .......... Cronin ] i ]
B B S Formation time ] B =
0.6 \U — 0.6 ]
- \E ] B i
0.4 SN 1 0.4 —
i NG . u ] B - i
: . N T : g :
0.2~ |y] <24 e T 0.2 Cent. 0-100%
- 6.5<p_<30GeVic I - ly| < 2.4 .
| | | 11 I 1 | | | | | | | | | | | | | | | | 111 I_ B [ | | [ | | L1 | L1 | Ll 11 | L 111 i
00 50 100 150 200 250 300 350 400 00 5 10 15 20 25 30
Npart pT (GeV/C)

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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ALICE, arXiv:1202.1383

0.8}
06F
0.4}

0.2F

B ALICE (Pb-Pb\Sy, =276 TeV), 2.5<y<4  global sys.=+ 12.5%
----- Stat. Hadronization Model
[77] Transport Model |

.~ [27] Transport Model It
_...._.".._...._...._._...._...._...._...._...._._...._...._...._...._......_....

do /dy=0.25.mb

Statistical Hadronization

> Andronic et al,
arXiv:1106.6321

Transport Model 1

LI
L
B A A S A AT R R R

R .
B e —i

do /dy=0.15 mb

50 100 150 200 250 300 3}5\? 400

)

part

= Models are sensitive to 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%

> 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)
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I\OREA

Preliminary theoretical calculations:
Ferreiro et al., BNL and EMMI Workshops in 2011

_|||||||||| |||||||||||||||||||||||| L B O B
i 14F CMS JHEP 1205, 063 2012)  ofof T ry (e earerey

B traditional 2 — e B
o PbPb \SNN—276 TeV @ EKS e ALICE: J/y (2.5<y<4.0)]

DS
- rl:' rreiro,gFIeuret, Rakotozafindrabe, a rXIV 12 02 1 3 83

Lanskerg, and Matagne (prelimi ry:

1.2

= Prompt Jiy

i m

= 1.2

0.8 0.8
081 0.6 m
1] + CNM: traditional 2 -2 7 i E] B]
B [ EKS <) C [ﬂ
04 B nDSg . 0.4 N
B o, Fleuret, Rakotozafindrabe, | B
: Lasberg nd Matagne (prelimina fy): |
0.21-00<|y| <24 " o 0.2k E
- 6.5<p <30.0GeVic . B
_IIIIIII|||||||||||l|l|||ll||||||||I||||— _||||||||||||IIIIIIIIIIIIIIIIIIII_
050 100 150 200 250 300 350 400 050100150200 250306350 400
Npan

part

= CNM for traditional 2 - 2 (gg = J/Y + g)
— Different parametrizations of nPDF (EKS and nDSg)
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KOREA

Effects
Preliminary theoretical calculations:

Ferreiro et al., BNL and EMMI Workshops in 2011

é [rrrrrrrT T T T T e T T é T T T 1T | T T 11 | T T T 1T | T T 11 | T T T 1T | T T 11 | T TT1T | T TT I_
D: 14 | - y & ['275| 275]EK893 4 I|— = |
- I ) < (275,275]n0SG CMS T omcemmo T AT o

L CNMiE, Ferreiro, F.Fleuret, ARakotozafrindrabe, |.A Lansberg, M.Matagne, Prelirtinary [ EKS * I eo=y=a.l)

1.2

12 EEINDSY o rmame @rXiv:1202.1383

L g, and

1 :
: B

0.8

= PromptJiv JHEP 1205,_5063 (2012)

1

0.8F

0.6_+ + + . 0.6
0.4:— + —: 0_4:_ _
0.2 00<|y| <24 0 o 0ok 5
- 6.5<p_<30.0 GeVic -
B 11 | 11 | L1l | L 111 | L1l | L1

[ | 1111 | | 111 I_
50 100 150 00 50 00 350 400
part Npart

= CNM effect from CEM NLO before k; smearing
— Different parametrizations of nPDF (nDSg and EKS)
= pPb run next year will help to understand the CNM effect
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JHEP 1205, 063 (2012), Ly = 7.28 b

C 1_‘ I T T T T } L T | | |||||| T T | TTTT | T I_
S e CMS POPb [y =276 TeV (y1<24) - o 1-45 CMS PbPb (syy=2.76 TeV |
O 09 m CMSPbPb s, =276 TeV (1.6<|y|<2.4) o Prompt
3 ogt * CMSpp (5=276TeV (lyj<24) E - Non_pmm”;t J N
S "°f 4 CMSpp 5=276TeV (1.6<|y|<24) - - v
S 07F © CMSpp Is=7TeV (16<y|<24) E
" CMSpp Is=7TeV (1.2<y| <16) i 1
S 06 o CMSpp }5=7TeV (ly| <12) = -
X | = CDFpp \s=1.96TeV (ly|<0.6) i 0.8 .
5 0.5¢ E © 20-100% 0-20%
- 0,4;— i; ' —; 0.6~ —
(@) C 3 B .
5 03F . - |
— 0-2 ¢,m = B ]
Z 0.1 gﬁ? E 0.2F |y| <24 " :
?F - 65<p, <3OGerc 1
| | I | | I | L1 L 111 | 1 1 II_
% G0 s T 0 s 30 050406156 500256 300356400
P, (GeVic) Noar

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

= p-quark energy loss in medium at low py
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CMS PAS HIN-12-014, L;,, = 150 ub

14i T Iclr\llqlsl Iﬁ'@r%ilr]lalrly! | TTTT | TTTT | TTTT | TTT : 14 __I ICIMé Iplﬁrlr\ilr{alryl‘ | T 1T | T 1T I T T __ 14i| T |Cllh:||1|él H TT |.| T Ii;-llall T | TTT | TTT | TTT | TTT | TTT | T Ii
- PbPb\[sy, = 2.76 TeV 1 F PbPb\/sy, = 2.76 TeV 1 L PbPb\[syy = 2.76 TeV ]

12F 4 12f — 12F -
1I 1' 1I

0.8 081

Non-prompt J/yr] 0'8:_

A ra .,
ST S S 1Y e N

Non-prompt J/y/+ Non-prompt J/y]

0-2:—Iyl <24 — 0.2:— Cent.{)-m{)%—: 0.2:— Cent. 0-100% —:

- 6.5<p_ <30 GeVic . B ly] <24 . - 65< P, < 30 GeVic =

O_|||||||||||||||||||||||||||||||||||||||_ D_|||||||||||||||||||||||||||||_ O_|||||||||||||||||||||||||||||||||||||||||||||||_

0 50 100 150 200 250 300 350 400 0 5 10 15 20 25 230 0 02040608 1 12141618 2 2224
Npa " P, (GeVic) IVl

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

= p-quark energy loss in medium at low py
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CMS PAS HIN-12-014
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= In forward region, non-prompt J/y has a strong centrality
dependence and less suppressed at low p; than high p;
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Model Comparison

b 1 4~ CMS Preliminary
[ PbPb\/s,, =2.76 TeV

Vitev: 0-10%, y~0 —

[ Rad E loss+CNM = —

I Rad E loss+CNM+Dissoc
WHDG: 0-80%, y~0 _
[ Rad+Coll E loss 7

Buzatti: 0-100%, y~0

[ CUJET preliminary

Model with only radiative
energy loss and CNM
fails to describe the data.
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" Ry(2s)- raw yield ratio of y(25) / 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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= For3 < p; <30GeV/cand 16 < |y| < 24
Ry(2s) In 0-20% PbPb ~ 5 times larger than in pp
with LARGE systematic errors

7-8 December 2012 HIM 2012-12 51



g1D_IIII|IIII |II TT T ] ._ | T II |IIII|IIII|IIIIIIII

= | PoPb 5= 2?6TeV E L PbPb |5, —2?’6 TeV 2
3 - e 3<p_<30GeVic, 16<ly| <24 B 1o ¢ B5<p <30GeVic,ly| <16 1 O
% Bz_l:lpp uncertainty (global) _: :l:lpp uncertainty (global) U
. . I >
- C = 1 wn
. 7C - i ]
: : : 1 5
= °F 1 e 1z
A E
% 4;_ _ D.B:— _ %
3E |:+] g 04 -
of 3 i 1
- ] 0.2 _
1 L | | CMS Prellmlnlary - L | | CMS Prellmln;ary
GEIIII 50 ‘il:!ll.!l|1I5E|!H2|E!l'.liI 2IED 306 350 400 GGH 50 1IEJ[%JIH1I5EIIII I.“|20['3I :;_5‘.1} 306 350 400
Npart Nparl
= For pr>3 GeV/c and 1.6<|y|<24 =For p;>6.5 GeV/c and |y|<1.6
Indication of y(2S) being less y(2S) are more suppressed

suppressed than J/y (<2c effect) than J/y
Limited by pp statistics!
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= Probability to obtain the measured value, or lower, from
the background fluctuation is 0.9% (2.40 effect)
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= Observation of Y(25+3S) relative suppression (>50 effect)
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» Y states are suppressed sequentially
RaalY(3S)] < RualY(2S)] < Rya[Y(15)]
= Y(2S) Is suppressed even in the most peripheral bin.
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= If the feed-down contribution from y,, Y(2S5), and Y(3S5)
is ~50%, Ry, of inclusive Y(1S5) is consistent with the
suppression of excited states only.
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» Centrality dependence of the Y(1S5) and Y(2S) yields
can be reproduced by the models.

7-8 December 2012 HIM 2012-12 57



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

2. Dijet correlations

— Dijet energy is largely unbalanced, which is compensated by
low-p; particles over large angles.

- Jet fragmentation and shape is modified at large r and low p+.
3. Quarkonium production

— Prompt and non-prompt J /1 are suppressed.

— 1 (2S) are more (less) suppressed than J /¢ at high (low) p+.

- Y(25)/Y(1S) in PbPb is suppressed by about a factor of five.

— Upper limit on Y(3S5) double ratio is measured.

» More results in our web page A
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN ikt
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Eskola et al., hep-ph/0902.4154v1
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