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Quarkonia and the QGP

 Heavy quarks
— produced in the initial hard-scattering process

« Debye screening in QGP leads to melting of quarkonia

 Different binding energy of bound states lead to sequential
melting of the states with increasing temperature

— also observable in the rates of the ground state due to suppression of

feed down contribution T/Te 1) [
State T/% (15) | xc @P) | & (29) o | [vas)

m (GeV/c?) 3.10 3.53 3.68 RS
ro (fm) 0.50 0.72 0.90 -

1.2t 7/(15) Y'(25)

T (1S) xp (1P) T" (2S) X}, (2P) T (3S)

0.46 9.09 10.02 10.26 10.36 <l =55 oany
0.28 0.44 0.56 0.68 0.78
Quarkonia in pp with CMS: The b(?ginning:
Carlos Lourenco Matsui & Satz Mocsy,
(Tuesday, 14h15) PLB 178 (1986) 416 EPJ C 61 (2009) 705
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Puzzles from SPS and RHIC

e Similar JAp suppression at the o0 PRC 84 2011 Oado e
SPS and RHIC! SPS from Scomparin @ QMO06
— despite 10x higher \syy & [ Nuclear modification factor _
« Suppression does not increase [’ 5 PHENIX, AusAu, bI<0.35,2 12% syst
with local energy density 03 }% A b e
— Rpa(forward)<R . (mid) il : o
« Possible ingredients i "*@ @ﬂ
— cold nuclear matter effects 0.4 f -\[% H a4
— sequential melting 7 @l @ Ef
— regeneration 0.2 @

« What happens at the LHC?

— higher energy + higher luminosity
— more charm (more regeneration?) @
— more bottom — a new probe: Y
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The Compact Muon Solenoid

SILICON TRACKER
CMS Detector =

Microstrips (80-180um)

P‘H’X@HS ~200m? ~9.6M channels
CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
EC AL ~76k scintillating PbWO, crystals
HCAL
Solenoid PRESHOWER
Steel YO ke Silicon strips
M Uuons ~16m? ~137k channels
STEEL RETURN YOKE

~13000 tonnes

SUPERCONDUCTING
SOLENOID

Niobium-titanium coil " . &
carrying ~18000 A N8 /] FORWARD
: /) ~On_ | CALORIMETER
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 128.7m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field :38T
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Muon Reconstruction in CMS
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Key:
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— — — - Neutral Hadron (e.g. Neutron)
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Iron return yoke interspersed U #
Tiansverse siic with Muon chambers i 3
through CMS Juls

 Global muons reconstructed with information from
iInner tracker and muon stations

« Further muon ID based on track quality (2, # hits...
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Dimuon Acceptance: J/

« Muons need to overcome
magnetic field and energy

2 Tammm, oo T loss in absorb

® IA + EvtGen + 0.9

8 o ppasamier o 0ss In absoroer

o Prompt Jhg _;5:-{';_:'3'.155.__'3:::_”:-:-:_3:-: | — minimum total momentum

p~3—5 GeV/c to reach
muon station

 Limits Jhp acceptance:
— mid-rapidity: p>6.5 GeV/c
— forward: p>3 GeV/c
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Dimuon Acceptance: Y(1S)

* Muons need to overcome
magnetic field and energy
loss In absorber

— minimum total momentum
p~3—5 GeV/c to reach
muon station

: Latis il 04+ Limits Jhp acceptance:
: gy‘rSH?KrluE\t/'tcc)anen + PHOTOS | — mid-rapidity: p+>6.5 GeV/c
fioes =010 — forward: p;>3 GeV/c

* Y acceptance:
y — p>0 GeV/c for all rapidity
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Muon Pairs in PbPb at Vs, = 2.76 TeV

Camelia Mironov : — T T T
(Thursday, 16h30) | CMS Preliminary

- Jhy PbPb {5 =2.76 TeV -
=3 r(1.2,35) L, = 15@ E
= v (2S) -

Events/(GeV/c?)
3 2
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I IIIIIII| | IIIIIII|

Lamia Benhabib
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| | IIIIII|
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Muon Pairs in PbPb at Vs, = 2.76 TeV
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Bottomonia: with 2010 data

pp PRL 107 (2011) 052302 PbPb

—_ :I | | L | L | L | L | L | | I: c\’l'\ _I LI | L | L | L | L | L | LI I_
L % o data CMSpp\s=276TeV S o da CMS PbPb s, =276 TeV' ]
(] I T B () L : - o, _
G 700 fit lyl <2.4 = o L PbPb fit Cent. 0-100%, lyl < 2.4 i
3 - O<p <20 GeV/c 1 N pp shape 0sp—<20-GeV/c i
© 60 -p' >4 GeVic L= 231 nb" - S °0F p >4 GeV/c L, =7.28ub" B
% 501 Ny@as)y = 101 £ 12 %40:_ Ny@s)y =86 + 12_:
) ] o = 92 MeV/c? (fixed to MC) 7 o L o = 92 MeV/c? (fixed to MC) 1]
4 I — - -
OI ’ 30— i —
- ] - [ ] :': :
30~ - N ]

B P ¢ ] 20_— +
20(- 3 . g

@ 'Iéll Ilélll Hbll|'1H""1£"'[15|'|'{4
m,, (GeV/c?)
NT(QS—l—BS)/NT(lS) |pp = 0781_8%2 + (0.02

Nr(25+33)/Nr(1s)|PbPb

S R R TR PR R P
m,, (GeV/c?) ,
Ny (2s+33)/Nr(is)lpopb = 0.247( 75 £ 0.02

Ny (23+33)/Nr@s)lpp
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Bottomonia: with 2011 data

pp CMS-HIN-11-011 PbPb
(:\ 50_] T TT I T 1T I T T 1T I T TTT I T TT I T 1T I T l_ (\"-\ 800__l‘ T I T 17T I T T TT I LI I T TTT I T T 1T I T TT 1__
‘S’ - Preliminary CMSpp ys=2.76TeV § - Preliminary CMS PbPb s, = 2.76 TeV 1
: . 700F E
S T ly| < 2.4 i Gk Cent. 0-100%, |y| < 2.4 1
g 40— pi >4 GeVlic ] ; 600 p_>4-GeV/c -
= 0 L., =231 nb" i S f @ .
2 _ . + 500 7
& 30 — g F I8 -
i s data N - e data i
L L y - w _ _
- } — total fit - 400: — total fit ]
20 S A N T background . 300 :_ ------ background _:
i i 2001 .
10__ i\ :¢ —
N L 100 =
0 | | I | | | | | *l 111 }I 11 | 1 1 I¥— O:l 111 I | .| I | .| I | .| | 111 I | .| I 111 |:
7 8 9 10 11 12 13 14 7 8 9 10 11 12 13 14
m,, (GeV/c?) m,, (GeV/c?)
Ny (28)/Nrs)|pp = 0.56 + 0.13 4 0.01 Ny (2s)/Nras)|popb = 0.12 £ 0.03 £ 0.01
Nrss)/Nr@s)lpp = 0.21 £ 0.11 £ 0.02 Nr(3s)/Nr@s)lpopb < 0.07

Ratios not corrected for acceptance and efficiency
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ey | Y(2SYY(1S)]

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

Y(nS) / Y(1S) Double Ratio
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CMS-HIN-11-011

e Separated Y(2S) and Y(3S)

* Measured Y(2S) double
ratio vs. centrality

— centrality integrated:

Nr(28)/Nr@1s)|PoPb

— 0.21 + 0.07 = 0.02
Nr(25)/Nr@s)lpp

— no strong centrality
dependence

« Upper limit on Y(3S)

— centrality integrated:

N N-
r(s)/Nras)[Popy < 0.1 (95% C.L.)
Ny(gs)/NT(ls)’pp
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Y(1S) and Y (2S) Ry,
Lyp  Neveo(T'(0S)) €pp o |0 2010 (7.28ub™):

Raa =

TaaNys  Npp(Y(0S)) epbpb — only Y(1S) Ry, in
e 3 centrality bins
r:E‘1.4;— CMS Preliminary, PbPb {s, = 2.76 TeV — — JHEP 1205 (2012) 063
SLNE ST+ In2011 (150u07);
% : — Y(1S) Rpain
il E 7 centrality bins
o + { " : — first results on Y(2S) Ry,
i ; 5‘1:% " — clear suppression of Y(2S)
0-4{ | . — Y(1S) suppression
0.2 + - consistent with excited
Fo b + state suppression
0 50 100 150 r300 250 300 350 400 (~50% feed down)

part

CMS-HIN-11-011
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Comparlson to RHIC

G ot e e e |+ STAR measured Ry, of
e SRR 1 Y(15+25+3S) combined
1% [ — arXiv:1109.3891
08:_ |—_ — min. bias value:
T } + ] Raa(Y(1S +2S +3S)) =0.56 £0.21+098
0.6 —
: + '%’ ¢ % CMS: separate Ry, for
e l% E Y(1S) and Y(2S)
0'2;_ : — can calculate min. bias
1o - R (R R o e - R Raa Of Y(1S+2S+3S):
Npart
B 14+7(2S+ 3S)/T(1S)|pvpb
Raa(Y(1S+2S+3S)) = Raa(Y(15)) x T+ 73S + 38)/T(IS)‘pp
1+0.19
CMS-HIN-11-011 = 0.53 x 15097 ~ 0.32
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Muon Pairs in PbPb at Vsy, = 2.76 TeV

CMS Prellmlnary

PbPb \{ =2.76 TeV
L, =150 p.b'1

Events/(GeV/c?)
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PbPb vs. pp at Vsyy = 2.76 TeV

© B ] CMS Preliminary
I A4 & PbPb s, = 2.76 TeV
Q PP S . e
Q 10 g r{1.2,35) | . (PbPb) = 150 b
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Jhp in PbPb at Vs, =

Inclusive J/p

Non-Prompt J/Ap
from B decays

Prompt JAhp

* Reconstruct y*u~ vertex

« Simultaneous fit of y*u~ mass
and pseudo-proper decay length

Mg/

14 =L,
J/ Yy .

~~~
‘.
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2.7/6 Te
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Open heavy-flavour: B — J/y

JHEP 1205 (2012) 063

B —&— Charged particles |n|<1.0 -

< T 1T I L | LI I T TT I T TT I LI l T T TT | T T TT
< - I T I I I T T | T T T | T T T | T T T I
Cc 14 \ | —_ — - CMS | Taa uncertainty -
] - W p,>25GeVic [’ |<z1 -
15 * Non-prompt J/p ] L 0-10%, det 7-150 ub" __g Isolated photon  [n<1.44

b-quarks (0-20%) [n|<2.4 -

1l - 15 :— * (via secondary J/v) —_
0.8 - < 0 ]
 20-100% 0-20% ] L + _______________ O 4 ’
0.6F- - : + ]
i i i ¢ |
0.4 + + . 05 ¢ + © ° ]
B N @ -nﬁe—ﬂ¢ N
- ] . o ]
0.2~ lyl<24 o - Qo® .
‘65<P<3OGGV/C ] ol 1 | T R
_I | | 1 1 | 1 | 111 | | | | | I | | 111 | 111 | 11 I_
00 50 100 150 200 250 300 350 400 0 20 40 60 80 100

N M [GeV]

part

« Suppression of non-prompt JAp observed in PbPb

PRL 106 (2011) 212301

— indication of high-p; b-quark quenching arxiv:1205 6334
PLB 710 (2012) 256
— with 2011 data: will study centrality dependence SHEP 1205 (2012) 065
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Prompt JAp at high p+: RHIC - LHC
* Prompt Jhp

< _HHII;L' """" IR I I I —pT>65GeV/C&|y|<24
o 1.4_— PbPb \/STW=2.76TeV ] . .
| soMSipromptay — in 0—10% centrality:
2 coe p<aCoV suppressed by factor 5
1.' ﬁL ﬁL AuAu s, =200 GeV ; — in 50-100%:
os | | | | x e 3 suppressed by factor ~1.6
oo § + + L | 4 + STAR
04F . ‘ - — pr> 5 GeV/c & |y|<1
0o : v ] — less suppression at RHIC
050700150200 256 300 386400
N

part

JHEP 1205 (2012) 063
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Prompt JAp at the LHC: ALICE - CMS
* Prompt J/yp

mg1.4__"P'b'PL'~'rS'_'|='2'-7'6'|T;\;"|""l""|'"'|""__ - pT > 6.5 GeV/c & |y|<24
- . CMS: prompt Jiy  » ALICE: inclusive J/y - —in 0-10% Centra”ty:
2L e <wmol ooy suppressed by factor 5
1 : — in 50-100%:
08F ] suppressed by factor ~1.6
0.6;+[+] + " o 1+ ALICE (inclusive Jhp)
0.4 5 - — pr >0 GeV/c & 2.5<y<4
02 : .- — less suppression at
R TR A TR forward rapidity, low p+
0 50 100 150 200 250 300 350 400 . .
N, — includes ~10% b-fraction:
prompt R,, could drop
JHEP 1205 (2012) 063 11%
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Jp vs. rapidity

g _l TT TTTT TTTT | TTTT | TTTT [ TTTT I TTTT I TTTT | TTTT | T l_
(0 1.4_— PbPb m= 2.76 TeV ]
- m CMS: prompt Jy - ALICE, arXiv:1202.1383
12 Cent. 0-100% - < 1.4
B 6.5< p, < 30 GeV/c - c i Pb-Pb \s\\ =2.76 TeV : 'Xt:gijﬁ:igeem
L |_- 1.2 A CMS, p =3GeVic
1
B AuAu m =200 GeV |_:
0.8— o PHENIX: J/y (|y|<0.35) |
N o PHENIX: Jiy (1.2<|y|<2.2) ]
0.6 N (both PRL 98 (2007) 232301) ]
0.4F T ] - - :
- (] i e t
B * "‘@ . 0.2 —EPS09,p, >0
0.2+ — | SnDSg, p, =3 GeVic
L | I EPSOQ,p‘z3GeV/c | |
| _ O||||||||l||1||||||||||||||
- | | | | | | | S 2 2.5 3 3.5 4 4.5
ol bl b b b by T Ly y

2 15 1 05 0 05 1 15 2
« CMS: rapidityydependence opposite to PHENIX
— but PHENIX is low p;
 CMS measured at 1.6<|y|<2.4 also to lower p; (p+>3 GeV/c)

— consistent with ALICE forward low p results
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0.2

Zhao & Rapp, NPA 859 (2011) 114
+ private communication

IIIIIIIIIIIIlIIIlIIIIIIIIIIIIII
CMS PbPb {/sy, = 2.76 TeV

m Prompt J/y

0.6:

0.4F

3
k]
0.8
- B
N s
— B
i R

— lyl <24

- 6.5< p, < 30 GeV/c
B |II

R. Rapp & X. Zhao
— Prompt J/y (V=U)
Shadowing

Formation time

%

50 100 150 200 250 300 350
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Prompt JAp: Model Comparison

Prompt J/p
— pr> 6.5 GeV/c & |y|<2.4
— in 0—-10% centrality:

suppressed by factor 5

— in 50-100%:

suppressed by factor ~1.6

Recombination effects:
— expected to be small at

high p;

=



o

Prompt JAp: CNM Effects

14 CMS PbPb {Syy = 2.76 TeV

- m Prompt J/
1.2__ ptJiy

- 6.5< p, < 30 GeV/c

oo B
+ :

B CNM: CEM NLO
0.6[— CJEKS —
- + [ nDSg §
Ferreiro, Fleuret, Rakotozafindrabe.
0.4 __ + Lansberg, and Matagne(preliminary£
02— |y| <24 0 B

O_Illllll |I | | l |I
N

part

Ferreiro et al.
(preliminary)

0 50 100 150 200 250 300 350 400
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* Prompt Jhp
— pr > 6.5 GeV/c:
— in 0—-10% centrality:
suppressed by factor 5
— in 50—-100%:
suppressed by factor ~1.6
* Cold nuclear matter
effects

— work in progress to
estimate (anti)shadowing
contributions

— relatively small at high p-

=



W(2S) in pp at Vs =7 TeV

g C CMS Vs=7TeV L= 37pb1 ]
e - — —_~ I T I T T T T I T T T T I T —
o - —e— prompt ] ~ - = .
m 008 - — prompt NLO NRQCD - § cnS \/g =7 ‘ITeV N
E s XN g, = 94.4/99 L =37 pb
B lyl <2.4 (c-\ljl —4— data
0.07 ] S 10° — total fit
: e E ey e background
0.06_ E) 8<pT<9GeV/c -
- [
i 3
L

0.05}F

JHEP 1202 (2012) 011

—
o
n

0.04

0.03f

10E

lyl<1.2

2.5 3

0.02-
error bars = total uncertainty

3.5 4 4.5
w* w invariant mass (GeV/c?)

« CMS measured wT(ZS) cross section in pp at Vs =7 TeV
Y(2S) / Jhp cross-section ratio ~0.035 at p; > 6.5 GeV/c
* Uncertainties on theory larger than experimental

uncertainties

Carlos Lourenco
(Tuesday, 14h15)
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P(2S) in pp & PbPb at Vs = 2.76 TeV

0T | | | = o [ BEREREEE i
S | CMS Preliminary : S | CMS Preliminary ]
[ - Ny, 741+ 36 . [ J/w 13211+ 65

(3 -pp Vs =2.76TeV R, s 0-049 = 0.010 | (3  POPb s\ =2.76 TeV :0.024 = 0.008 -
S 10°EL =231 nb! 0 =(32=1) MeV/c? = o L. =150 Mb1 (29 1) MeV/c?
o F . o

\\(; * data i < 10°H * data -
= % total fit 2 I % total fit i
Q 10° 5 --:background o - --:background
Ll TR 2

0-20%, lyl < 1.6
6.5<p <30 GeV/c

| lIIllIIl

Z

10:—++ * %

llIlIIl

T

E 1 | L1 1 | L1 1 | L1l I | | L1 1 | L1 1 | . B L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L 1 1 | L1 1 | L1 1 N

26 28 3 32 34 36 38 4 42 26 28 3 32 34 36 38 4 42
m,, (GeV/c?) m,, (GeV/c?)

- Raw yield ratio of y(2S) / Jp: R s,

* For p;>6.5 GeV/c and |y|<1.6:
R, 2s) IN 0—20% PbPb ~2x smaller than in pp
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P(2S) in pp & PbPb at Vs = 2.76 TeV

(\/1-\104 :_I T T I T TT | 17T | T T | T T T _: c\/l\ | | T | T |
S [ CMS Preliminary ] S [ CMS Preliminary :
o I N,,: 1046 = 34 ] ® J,w :3510 = 112
(3 | pp Vs =276 TeV R, zs: 0.020 = 0.007 (3 PoPb s\ =2.76 TeV 20.105  0.020
S 192 -L, =231 nb" o=(51=1)MeV/c? _ S rL, —150Mb1 (5o + 1) MeV/c?
10°E 3
o E - ©
> - e data 1 ~ e data
£ | % total fit i 2 % total fit
G>J 102 =-:background _ o --:background
W = e 16<lyl<2.4 E W 03— 0-20%, 1.6 <lyl <24 —
B 3<p, <30 GeV/c ] B 3<p, <30 GeVl/c T
10 E
Illllllllllltlllll _III|III|III|III|III|III|III|III_
26 28 3 32 34 36 38 4 42 26 28 3 32 34 36 38 4 42
m,, (GeV/c?) m,, (GeV/c?)

- Raw yield ratio of y(2S) / Jp: R s,

» For p>3 GeV/c and 1.6<|y|<2.4:
R, 2s) IN 0—20% PbPb ~5x larger than in pp
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W(2S) / Jhp Double Ratio

+ Doublerallo oTp(28) ] Mleoes | WW2S) T Il cussanizan
E’-g 9§_Pbe (S =276 TeV E PbPb |5, = 2.76 TeV ]
>\ E e 3 <P, <30 GeVic,16<lyl<24 7 1.0k ¢ 65< P, < 30 GeV/c, lyl <1.6 ]
@ 8:_|:]pp uncertainty (global) _: : Dpp uncertainty (global)
= . .
g 7:— —: L 4
:.f S E ol ]
S sf : : 3
Q f ; 0.6F J
= E [ ]
3‘ %] ‘ 0.4:— —
2F s : :
- E 0.2_— —
1 o CMS Prellmlnary i o CMS Prellmlnary
O 50 106 150 00 250 300 350 400 %0 50 100" 150 200 250 300 350 400
Npan Npart
For p>3 GeV/c and 1.6<|y|<2.4: « For p;>6.5 GeV/c and |y|<1.6:
large uncertainties on pp P(2S) are more suppressed than
Indication of y(2S) being less Jhp

suppressed than JAp, but need
more statistics (in particular pp)!
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W(2S) / Jhp Double Ratio

CMS-HIN-12-007
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 First measurement of

excited states (~50%)

: High-p; y(2S) are more
t %1 suppressed than high-p; Jiy

& T T Y(2S) suppression
i CMS Preliminary, PbPb s, =2.76 TeV .. )
-, mswgmmgc : — upper limit on Y(3S) double ratio
1.2~ o T(25) 0<p'® <50GeVic B . .
- - ;ii)ptoJ/wF,)Te.5<:?‘"G< C\’:/C/) GeVic 1 ® Y(1 S) RAA consistent with
& .
E yl<24 | suppression of feed down from
0.8— _

0.6

||||
o,
e
—— ——
+
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04l
o.zf— + + i o . — Need more pp statistics to pin
3....I....I....l.........|+...|..+.|..f.3 down lower-p; double ratio «,
00 50 100 150 200 250 300 350 400 i 2; Y(1s)
N * Filling the thermometer  ||.»

part
1.2lml 7/9(15) Y(25)
@ — one peak at a time... Ml ves
x(1P)  w(2s)
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W(2S) / Jhp Double Ratio

* Double ratio of [1p(28) / Jhp]Pbe/ w(ZS) / Jhp]pp
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* For p>3 GeV/c and 1 6<|y|<2 4: large uncertainties on pp
Indication of y(2S) being less suppressed than JAy

— Significance: not more than 2o, work is ongoing, but we need more pp!

* For p>6.5 GeV/c and |y|<1.6:
(2S) are more suppressed than J/p
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Dimuon Acceptance

* Muons need to overcome

e magnetic field and energy
—CMS Simulation -

g 0.8; PY'I\'PIA+ EviGen + PHOTOS 1 IOSS in absorber
® 0.70pp s =2.76 TeV ] o
L <2 1,+-++++£ — minimum total momentum
ot ATy p~3-5 GeV/c to reach
F A muon station
0.4/ - ¢ = .
: e | « Limits JAp acceptance:
0.3_—’ " ” -
oob o . " : — mid-rapidity: p+>6.5 GeV/c
2 . . :
A vvas | — forward: p>3 GeVic
g, © 1 @cceptance:

P, (GeVic) — p>0 GeV/c for all rapidity
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Dimuon Acceptance

« Muons need to overcome
=  mnagnetic field and energy

S 08-CMs Simulation g .
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Y(1S) feed down

« CDF measured direct fraction of Y(1S)
with p; > 8 GeV/c (PRL 84 (2000) 2094):

SRR AR SRR A AR AR — (50.9 £ 8.2 (stat.) £ 9.0 (syst.))%

AA
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Prompt JAp at high p+: RHIC - LHC

B | [ Pl | | |
1.4 PbPb ys = 2.76 TeV ]
m CMS: prompt J/y
1.2 Iyl <2.4 -
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1 ]
C AuAu s, =200 GeV |_:
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* Prompt Jhp
— pr > 6.5 GeV/c:
— in 0—-10% centrality:

suppressed by factor 5

— in 50-100%:

suppressed by factor ~1.6

 PHENIX

— pr>0GeV/c
— similar suppression,

though lower p+

=



Bottomonia: with 2011 data
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Jhp comparison: RHIC + LHC
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Jhp p+ dependence
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