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Which Quark Matter?

e Lacking instruction, | decided it was 2008!

— (the quarkonium review speaker is a friend)
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J/W at RHIC (all p4)

e Two surprises: y
) o ¥ I Nuclear modification factor
— At midrapidity, same o
. ] 0 PHENIX, Au+Au, |y|<0.35,+ 12% syst

suppression at RHIC and at - & NASO, Pb+Pb, 0<y<1, + 11% syst.
SPS, while density must be 0.8- A o0 ey 1% et
higher 1%

0.6 | %[}3%

s o
0.4— % % LTS
0.2

'|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
q'f 50 100 150 200 250 300 350 400

Npart
PHENIX, PRL98 (2007) 232301 O
SPS from Scomparin @ QMO06 (—O
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J/W at RHIC (all p4)

brings forward yields down

— Hot: recombination of
uncorrelated cc¢ brings

midrapidity yield up ()
PHENIX, PRL98 (2007) 232301
SPS from Scomparin @ QMO06 (—O
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e Two surprises:
At mi dp idit 5 B — Nuclear modification factor
i rapl Iy, Same ~H ® PHENIX, Au+Au, |yle[1.2,2.2], + 7% syst.
suppression at RHIC and at . O PHENIX, Au+Au, [y|<0.35, + 12% syst
SPS, while density must be 0.8 CNAGD. o ey Lt et
h Igher : O NA38, S+U, O<y<1, + 11% syst.
— More suppression at forward 061" [g[}]
rapidity at RHIC, while i .
density must be lower - %:
. 041 @ 5 %
e Two popular answers: i 7 %
— Cold: shadowing / saturation 02 : @

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
00 50 100 150 200 250 300 350 400

part




1. Be more open? (Measure cc to constrain 'reén
2. Calm down? (Better pA/dA reference)

3. Broaden interest? (in transverse momentum)

4. Letitflow? (elliptically)

5. Get excited? (b, x.)

6. Get high? (in mass, looking at upsilons)
7. Be upset? (and search for onset)

8. Give up? And move to the LHC?

Some progress on all these points at this meeting !
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Which Quark Matter?

e Lacking instruction, | decided it was 2008 !

— (the quarkonium review speaker is a friend)

e Let’s see how it has evolved in 2012 !

— (sorting results according to the 8 points)

— (trying to focus on RHIC, since 4 next talks
are on LHC, but well, you know...)
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Modern version of the QM’08 PHENIX plot
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forward region... e
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1. Be more open, very open indeed...

PHENIX pretends that b’s are more suppressed than c’s
based on displaced electrons measured by the new VTX detector...
We are still far from knowing how many cc pair we have in PbPDb...

1.4

1.2

0.8

0.6

0.4

0.2

—h

2012, September, 21th

1.5

2

c/(c+b) = 0.92207 + 0.022756

PHENIX Prellmlnary 100" o :
Charm: 200 GeV Au+Au MB 8 C oattz ]
=° PRL 101, 232301 {znua:r €17 F— conversion e’ 3
Bott EDIJG AL ME z’. F—— RandomBG /A % :
ottom: . x 10 = Ke3Decay /¥ '; _ <
o o+ it by FONNL 3§ A 1 s
= 1F | il ot =
1: "/! F' . N S :
1002 -0.15 01 -0.05 0 005 0.1 015 0.2
DCA (cm)
I I + _ Nouicer @ QM
+ B 2 H ;JE' See Zaida @ Etretat
& : :
Still, typical numbers:
o(cc) = (0.8 £0.2) mb in
2.5 3 3.5 4 4.5 X 1065/ 42 mb = 20 pairs
Electron p_ (GeV/c)
T
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0.4
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2012, September, 21th

... While LHC is kind with us

 CMS

B Phphﬁ =2.76 TeV

[ O | ALICE: c-quarks
average D°, D", D"
B-qthﬂE GeV/c, lyl<0.5

b-quarks ]
via secondary JAp (']
8.5<p <30 GeVi/c),lyl<2.4.

C
[T
—2—
¥

C=F1
B

w s
-

50 100 150 200 250 300 350 400

Noar

Plenary talks @ QM
by Zaida (ALICE)
and Camelia (CMS)
See Zaida @ Etretat

Several D’s from Alice
B > J/y from CMS

At LHC, we can
forget mixing flavours...

“There is order!”

o(cc)=5mb in pp@2.76 TeV
x 1500 coll / 65 mb = 115 pairs

QM highlights - raphael@in2p3.fr 9




2. Calm down, better dA reference

Jiyin d+Au at s =200 GeV

— 1
(=

o=
(=]
“i 0.8
o
WO 06
e

2 Centrality 60-88%

T 04 Global Scale Uncertainty £10%
m — Gluon Saturation

0.2 — EPS09 and Gbr=4 mb
" " | " | | " | |
— 1
=)

o~
QO os
o
=]
~ 0.6

=

< —
n: 0.4 Centrality 0-20%  TTeee E

Global Scale Uncertainty +8.5%

0.4 Centrality 0-20%/60-88%
|_  Global Scale Uncertainty +8.2%

0.2

26/09/2012

A R RS S RSN
-2 -1 0

P R BT
1 2

e |t came, and is difficult to

understand

NPDF + unique break-up
cross section does not
work

Still, the negative/positive
rapidity difference goes
towards explaining AuAu

Wysocki, McGlinchey @ QM
PRL 107 (2011) 142301
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2.5 Calm down + broaden interest (p-)

- Global Scale Uncertainty 10.6%
: -2I2 < y < = |.2

Centrality 60-88%
R R R T S

8 9
P, [GeV/c]

- Global Scale Uncertainty 9.0%
- 22<y<-1.2

0.5
“Centridlity 0-20%
N T R T S R
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26/09/2012
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0.5
“Centrality 0-20%

Wysocki, McGlinchey @ QM
arXiv:1204.0777
(also in STAR, less stat)
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3. Broaden interest (in p;)

8Ha) 0-20%  200GeV Au+Au
-~ ® STAR T

8
6
Ar OPHENIX T
2

e Less suppression at
high p @ RHIC

e Not clear why

— Formation time?

—Model | Liuetal. — Great escape?

-~ Model I, Zhao et al ]

— Cronin?

-0123456?890123456?89
P, (GeVic) p, (GeVic)

Trzeciak, Xie @ QM
arXiv: 1208.2736
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(Side note: BTW, STAR goes to low p; too)

| | | | | | | T T T T
A 3[ AutAu—=Jhp+X o STAR (p>5GeVic) * 0-20% Au+Au — JAp+X
s STAR ol v |
s 2 5 PHENIX - —_ Zhao, Fia
RS — Zhao, Rapp — (P, >4.5 GeVic) 2 cooo PP _
A --- Liu et al. --- (p>5 GeVic) ga =Luetal
wy [desm==
R s - _%. B--p-eih
88 p- I L][
4 o -
1 &Y - ] =
. HE I J I_
1 5=
— g o i
B L F . &~
Heeeei] 58 [ ) o
- STAR Preliminary Eﬂ - t'§_ STAR Preliminary
USNHZEM GEV |E| Eg \ISNN = Eﬂﬂ GE‘U
021 | | | | | | ] 0.2} | | | | i
0 50 100 150 200 250 300 35:} 0 8 10
No. high p12009 results: mbm:mdeRI, P, (GeWc)

appear on arXiv on Aug 15

Trzeciak @ QM
arXiv: 1208.2736
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4. Let it flow (elliptically)

° If prOduced Vid 0.3~ e STAR Preliminary, 200 GeV Au+Au, |y|<1 .
regeneration, J/  gp| 7 MEETumemerememaes
should somewhat 02 T T G b mzos -
inherit the (large) 0.15/- ]
flow of charm quarks ;“0.1— I :

— (though predictions  Joosr [ = .
range from 0.05 to 0 —
0.15 for RHIC...) 008l ? .

e Agreement between 0.1 ]
STAR and ALICE U T R ey

— But no flow in STAR p; (GeVic)
— Hint of flow in ALICE Xie, Scomparin, Ruan @ QM

Hongyan @ QM & Etretat
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e Hint of flow in ALICE...

1/N dN/dd

Let if flow from SPS to LHC

. but also at SPS (20 level)
e Missing high precision data

0.12 - Central In+In collisions Eccentric In+In collisions
E_ .............. Ay 0. . Na¥ee............ o el AT S *+
0.1} P g PO R R #ﬁ# e
0.08 |- i N
0.06 |- ] -
=-0.01+0.02 - v, =0.07+0.03 v, =0.11+0.05
0.04 - x o
0.02 [ 0.5% < 0/0,,, < 28% 28% < o/G,,, < 83% - 28% <olo,_ < 83%
0_||||| | | | |:|||| T T O T A ] |||:|||||||||||||||||||||||||||
-3 -2 1 0 1 2 33 2 1 0 1 3 -2 1 0 1 2
D
26/09/2012 raphael@in2p3.fr - Quarkonia at QM - Etretat 15
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5. Get excited, about " @ RHIC

e No AuAu results... mé

e But an enormous
suppression in dAu

e Such effects already
seen at SPS in various
pA but much smaller

1.2

il '"H}'% f

—
>

—

=

S—

2 +

S— —
c - ]
& o8 = } o192 =
el —

5 } 1

E'E 0.6 - —&—— NASO p+A 400 GeV/nn (vary nuclei) -
.g 0.4 -l - —m—— EBB6/NuSea p+A 800 GeVinn (vary x ) ]
ﬁ ' : ——@—— PHENIX Preliminary d+Au l{s_nn=2l]0 GeV

% 0.2 L Global Scale Unc. +28.1% _
?J B F. Arleo et al. (hep-ph/9907286v2)

m 0 C I I Al

10"

Quarkonia (or precursor) time in nucleus [fm/c]
QM highlights - raphael@in2p3.fr 16
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B — @ ' PHENIX Preliminary N
1.2 Global Sys + 28.4% —
- = J/y Phys.Rev.Lett. 107, 142301 (2011) 5
A Global Sys+146% - —
0.8 g i B -
B i ]
0.6 —
0.4 N _]
- PH ENIX u
0.2 preliminary 7
038 200G erAy
% 24 6 8 10 12 14 16 18

McGlinchey, Wysocki @ QM




6. Get high (in mass, look at Upsilon)

® A fEW ( unse p ald te d ) 2 N @  T(15425435) s e'e,AutAu
_ 1.8
Upsilon @ RHIC, show A ;
L +p Sys. Uncertainty S
Some Su ppre55|on - 1_4:— Free Energy Potential Model g
$ 1 .2 :_ nternal Energy Potential Model %
Y - g
o I° | <
=308 13
(1 4 - <
0.6 3
- 5
n:§1 T ®  Y(1S425438) Sy yle (1222 0.4 - STAR Prelimina g
16 \'[S—NN =200 GeV O T(15+25+38) - e'e’, y  [-0.5,0.5](STAR) 0 2 - ‘g
1.4 o iy = I'T, y = [-2.2,2.2] L F 200 GBV =
1.2 I 111 I 1111 1111 I 1111 l 1111 ] L1l I 111
1 ] 0 50 100 150 200 250 300 350
o.ai— % —i Npart
0.45— + 11% Global Uncertainty + —E — m Ove to C IVI S @
0'23_| | Prellmpnary E
03 2 AT W
Rapidity Xie, Trzeniak, Ruan @ QM
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7. Be upset (search for onsets)

e Energy scan!

] R,.(200 GeV) PRC 84, 054912 {2011}
Global sys.= +9.2%

R,.(62.4 GeV) = PHENIX data/our estimate
Global sys.= = 29.4%

R,4(39 GeV) = PHENIX data/FNAL data

Global sys.= £ 19%

e Suppression is
similar at 39 and
62.4 GeV...

— (forward rapidity)

Jly =, 1.2 <|y| < 2.2

-; Au+Au

4t oy

0.2 ¥ H [EEE

2 i B

% 50" 100 150 200 250 'ét':-d"ésldﬁ'iwn
part

Wysocki, McGlinchey @ QM
PHENIX, arXiv:1208.2251
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7. Be upset (search for onsets)

e Energy scan!

S | Theory m Rx4(200 GeV) PRC 84, 054912 (2011)
. . o 200 Ge Global sys.= + 9.2%
® S| Mmi | ar > 62GeV o R (62.4 GeV) = PHENIX data/Our estimatd
< 39 GeV AR
- Global sys.= = 29.4%

A R,A(39 GeV) = PHENIX data/FNAL data
Global sys.= = 19%

suppression at 39 d:. P
and 62.4 GeV...

e Could apparently

DAZY

K
'8
......

-~
......
Sty BRREELEH PPy
....................

: , 10" R
arise from a mix of : e G
suppression and [ Regeneration 00.9) ..o
regeneratiOn"' 10‘2 ! |f|;'| [ | .»r‘."f’.'*.".“fr.::.:-.I-.‘-|I-.ITI.-‘. NN I AN AN A A

0 50 100 150 200 250 300 350 400
Au+Au N

part

Rosati, McGlinchey @ QM
PHENIX, arXiv:1208.2251
Zhao & Rapp, PRC82 (2010) 064905
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J/P in Cu+Au @ RHIC

Cly—upd 1 CuAu(gl'sys. 7.0%) - "
Cuid)-going 1.2<y<2.2 e+ Au-going o4 Cu-going 4 an

=N

dAu (gl. sys. 12%)
* Au-going +# d-going

w Audu gl sys. 9.2%) 7 i n
¥ CuCu (gl. sys. 8.0%) 7

_{JE}T _: CU.—N—. Au
i

- By
i F’H'—EZ?'C-'EI*«"%I v [&Ltl d Ll 0 {3 i
D‘plrellin'llin;ryq T
0 100 200 300 400
Number of Participants

e Same suppression as AuAu or CuCu in the Gold going direction
— (if plotted vs N )

e More suppression in the Copper going direction

Rosati, Hollis @ QM
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RAA

0.5

J/P in Cu+Au @ RHIC

Jy—pn CuAu (gl.'sys.7.1%) A
Cu-going 1.2<y<2.2 e Au-going o Cu-going -

CNM Calculation (Nagle et al., PRC84, 044911, 2011)
= Au-gomg (EP509 set 1.16,17, =4 mb)

= Cu-going (EPS09 set 1,16,17, 6=4 mb)

. -
L : + :
I sy ~ 2] ¥

PH: <ENIX [ [
" prelimipary

50 100 150 200

Number of Participants

Same suppression as AuAu or CuCu in the Gold going direction

— (if plotted vs N

pa rt)

More suppression in the Copper going direction
Qualitatively expected from shadowing (lower x in the Au)
Quantitatively? Look in the peripheral region...

2012, September, 21th
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Rosati, Hollis @ QM
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8. Give up, and move to the LHC

e At RHIC, though it is clear that J/ are suppressed
beyond cold nuclear matter effects, the detailed
(interplay of) mechanisms are not understood

e More luck at the LHC?
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Low p- J/W less suppressed @ LHC

Forward rapidity Mid rapidity

i B ALICE Preliminary, 2.76 TeV Pb+Pb, 2.5<|y|<4 7 W ALICE Preliminary, 2.76 TeV Pb+Pb, |y|<0.9 1

1.4 ® PHENIX, 200 GeV Au+Au, 1.2<|y|<2.2 | 14 ® PHENIX, 200 GeV Au+Au, |y|<0.35 _
R I R Stat. Hadron Model (A. Andronic et al) T e Stat. Hadron Model (A. Andronic et al)

1 sx Transport Model | (Y.-P. Liu et al), LHC . - Transport Model | (Y.-P. Liu et al), LHC q

1.2 !I v Transport Model 1l (X. Zhao et al), LHC | 121 2207 Transport Model Il (X. Zhao et al), LHC ]

. SEIEY Transport Model |, RHIC e Transport Model |, RHIC
L !I “..Transport Model I, RHIC - - I:?nsport Model Il, RHIC dUDE=0.4mb 4
......................................................................................... — 1 _....I....,..'.....\..............................................'._._;. et ]

|

o

o
T

< F i v
i e
S L L s YR et e Sttt e et ot
Y.l 0 et ettt o
LR SRS S B L R TSRl |
X s T
e N I 0 TR s
R i R R I it
. SUGSILETSEL it | 04+ A et e s s il
T A ey
Bl b of B (T Ty
F oS do =0.15mb - F .
T

forward rapidity il " mid-rapidity

0O 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
N N

part part

Less suppressed than at RHIC, in

particular at mid-rapidity... Scomparin, Arnaldi & Arsene @ QM

Lizardo & Antoine @ Etretat

Probably due to regeneration !
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High p; J/Y more suppressed than at RHIC

g _|||||||||||||||||||||||||||||||||||||||_ Camella&scomparln@QM _:
X 14— PbPb Preliminary \s, = 2.76 TeV— Torsten & Antoine @ Etretat 1
- m CMS: prompt J/y . . .
19 ly| < 2.4 _ Prompt J/y .
B 6.5 < p, <30 GeVic ] i 4 6.5<p <30 GeVie [
= | - D.E!-_— & J<p_<6.5GeVic ]
E | AuA =200 GeV ] : # t :
I AU Sy = oY 5 0.6 -
0 8_— 7 L STAR: Jhy {prellmlnary)_- : + ]
L p. > 5GeVlc, [yl<1.0 | o4l ¥ e ]
Ll i - . o -
0.6— — 02 ]
n + W - L 1.6<|y|<2.4 1
I~ * 7 WY I I PN T I T B
0 4__ * N __ Eh 50 100 150 200 250 300 350 400
s . u — N7.11'1
- § N ] : CCEM_ Inclusive Jly, 2.5<y<4
0.2 N ] 121 Pb-Pb 5,=2.76 TeV, L= 70 ub™, global sys.= 6% \
e Ocpr<2 GeVie PRELTMINARY
B 1 1 o 5<p <BGeVic
D_I L1 1 | .| | 1111 | 11 11 | 1111 | .| | L 111 | 111 I_ i
0 50 100 150 200 250 300 350 400 0.8/ ¥
N = - ,
pan 06_ t T
S T T
04} E 3
More data, more differential measurement 02|

Alice & CMS seeing more suppression at higher pr % s o0 150 200 250 300 359, 40
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A

o

CMS: not much dependence, high p;
ALICE: more suppression in the most
forward (aka the return of the RHIC)

26/09/2012

Rapidity dependence

_I TTT | TTTT | T I_I I_| TTTT |II II| TTT I|I TTT |I III_
14 CMS Preliminary .
- PbPb\[s,,, =2.76 TeV .
12F 3
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D.E_— m12=]y|=16 N
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L ‘ ; i
0.2 —
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B IIIIII I L1 I L1 | L1 I L1 I L1 | ]

i

150 200 250 300 350

Noar

a0 100

400

Camelia & Scomparin @ QM
Torsten & Lizardo @ Etretat

<1.4
o | Inclusive Jy, 0<p_<8 GeV/c
L ~ 4 _
1.2 - Pb-Pb ys,,=2.76 TeV, L= 70 pb", global sys.= +6% ALICE
® 2_5<y<3 PRELIMINARY
- ® 3.5<y<4
L
0.8 _—} +
0.6 __f '; i ? + + ';
04 Lo 3 . 3
- :
0.2
< 1.4
< i ALICE Preliminary, Pb-Pbys,,, = 2.76 TeV, L= 70 ub’
G: - Inclusive Jhy, centrality 0%-90%, D<pt<8 GeV/c  global sys.= +6%
L2 ALICE Aok pretiminary, Po-Pbysy, - 276 ToV, L 175"
i Inclusive Jhy, centrality 0%-80%, |y|<0.9
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Upsilons

Upsilon(1S) and (2S) at LHC

L= [ | | | | | | | | | LI | L | |
< - _ .
14— CMS PbPb \js,,, =2.76 TeV ]
- —#-T(1S), stat unc. | =150pub™ ]
12 T(1S5), syst. unc. y| < 2.4 =
B —4— T(2S), stat. unc. . - .
I 1 7(2S), syst. unc. p_ >4 GeVic
B 30-40%
080 40-50% 20-30% =]
| 50-100% + 1090% i
06 + + 510% 0-5%
0.4 b §
02F d'] ['b &] E+]—_
.D_I 111 | 1111 | | | | 1111 | 1111 |II$I 1 1 | 1 Ilill | 1 11 I_
0 50 100 150 200 250 300 350 400
Npar‘t

2012, September, 21th

Seqguential disappearance
of the 3 states

For minimum bias
Raa (Y(1S)) =0.56 £ 0.08 + 0.07
Raa (Y(2S)) =0.12 £ 0.04 £ 0.02
R (Y(3S)) <0.10 @ 95% CL

Camelia, Rangel @ QM
Torsten @ Etretat
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The surprising quarkonium: ’ @ LHC

w

ALICE inclusive J/y and y(2S), 2.5<y<4
Pb-Ph, {s,,,=2.76 TeV, L= 70 ub”’ )

CMS had a hint
(less than 20!)
of less suppression
of the @’ wrt to J/y
at lower pt
(pp @ 2.76 TeV)

ALICE looked and
does not see it...

(Pbp @ 7 TeV)

No discrepancy!
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Five states to bind them all
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Forgetting low p; J/y
(regeneration)
for a while...

RAA(MB) vs binding energy
looks ordered

TBD with more data vs
centrality and unfolding
cold effects and feeddown
could start acting as a
thermometer?

Camelia @ QM
Torsten @ Etretat

28



Story is not over!

e Optimistic view ©
— ALICE data shows consistent hints of regeneration (R,, >
RHIC, but also v, and p;...)

— CMS measures 5 quarkonia > 5 grades of a thermometer

e Pessimistic view ®

— Let’s look at the quarkonium fate in pA @ LHC (5 TeV)
e What if suppression Y(3S) > Y(2S) > Y(1S) ?
— More pp data @ 2.76 TeV could help

e More differential measurements (p,, rapidity...)
e Settle the Y story ?

— pp @ 5 TeV will be missing
— On the RHIC side, did precision help?

26/09/2012 raphael@in2p3.fr - Quarkonia at QM - Etretat 29



Back up
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J/W v, prediction
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Rya (J/P) in STAR too
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