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It looks like nowadays if one
wants to have more audience to
listen to a talk, one has to speak

about “higgs”
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THE HIGGS BOSON WALKS INTO A CHURCH.
THE PRIEST SAYS WE DON'T ALLOW IIIGGS BIIS(INS IN HEH! |

TIIE HIGGS BIISIIN SAYS BUT Wl'l'llﬂll'l'
- 'ME HOW CAN YOU HAVE MASS?
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A 27-year-old Theory Prediction
* Quarkonia meltin QGP - Matsui & Satz 1986.

“ . I high enerqgy heavy lon collisions lead
to the formation of a hot quark-gluon
pmsma, then color screening preven&s c-
cbar binding in the deconfined interior of
the interaction regiown ... It is concluded
that J/¥ suppression in nuclear collisions
should provide an unanmbiquous signature
of quark-gluon plasma formation.
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Melting Quarkonia

state O | % | ¥ | Yis | Yo | Yig
mass [GeV] | 3.10 | 3.53 |3.68| 9.46 | 10.02 | 10.36
radius [fm] | 0.25 | 0.36 |0.45| 0.14 | 0.28 | 0.39

hep-ph/0609197v1 H. Satz

- fach f/,zaréon/am has
difFerent 5//70///73
radiets .

g
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RHIC Birdview
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PHENIX/RHIC
Run Summary

 RHIC has run with many
colliding species which
range from p+p, d+Au,
Au+Au, Cu+Cu, Cu+Au, U
+U.

 RHIC has run at variety
center of mass energies.

 RHIC beam scan program
has started and will
continue for years to
come.
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Central arms:

Electrons:
p>0.2 GeV/c
ly| <0.35

Ap =m

hadrons, photons,

~
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Central arms:
hadrons, photons,
Electrons:
p>0.2 GeV/c
ly| <0.35

Ap =m

~

Muon arms: =
muons at forward
rapidity

p > 2GeV/c

1.2< |y| <24

Ap =2

Centrality measurement:
We use beam beam counters together with zero degree calorimeters

Centrality 1s mapped to N (N_,) using Glauber model

part
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Nuclear Modification Factor R, ,

Yield in nucleus-nucleus collisions

Raa

dN,}/dy

N

Spectator nucleons

Participating
nucleons

Jhy
dN;,)'/dy

coll

divided by p+p yields and scaled
by the appropriate number of
binary collisions N, which is

calculated using Glauber model.

Centrality of collision
is described by number

of participant nucleons
N
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J/y Production
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J/y Production vs Centrality
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Puzzle #1 J/Y Production vs Centrality
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J/y Production vs Energy

PRC 86, 064901 (2012)
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J/y Production vs Energy

PRC 86, 064901 (2012)
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J/y Production vs Energy
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J/y Production vs Energy
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Buazle #2 J/y Production vs Energy
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PRC 86, 064901 (2012)
< [ Theory - R,A(200 GeV) PRC 84, 054912 (2011)
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Regeneration compensates for suppression in QGP.
Calculations are done by X. Zhao and R. Rapp [Phys.
Rev. C 82, 064905 (2010)].
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Comparison with Theory

PRC 86, 064901 (2012)

< . Theory ] R,A(200 GeV) PRC 84, 054912 (2011)
am : 200 Ge Global sys.= + 9.2%
62 GeV _ i <
2— 39 GoV ® R,A(62.4 GeV) = PHENIX data/Our estimate p-
— Global sys.= = 29.4% P
o«

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

‘e

~

~

? B 0.6 EPS09 NLO Q*x13.0 GeV? .". \
1

..-=========== """"""" : ~——— Error sets 2-31 \
10"| — . SECEYEEIzEazmEEmmEmss 0.4} .‘\/
: ............................. : Central set 1 \
o Direct (X0.5) 0'2:— Uncertainty band \\J
. Regeneration (x0.5) - - TRt o e ST TR
""""""""""""""" - 10° 102 101
- e o eimimim e imimimimim e Bjorken x
!’ -*_,.,===:=:=:=======‘= """""""""""""
’ -t

10-2 II:IIlI-I\'I“I'lIIII|IIII|IIII|IIII|IIII|IIII

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

part

Regeneration compensates for suppression in QGP.
Calculations are done by X. Zhao and R. Rapp [Phys.
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Cu+Au

(Controlled Geometry) |
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Quantify Cold Nuclear Matter Effects

High statistics d+Au data set taken in 2008

* J/UY production at 200 GeV at backward, mid, and forward
rapidities as a function of centrality, y, and (new) p..

 (new) ' at midrapidity as a function of centrality.

o (new) X_ at midrapidity
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Centrality Dependence

60-88%

g

R, CONsistent with 1 at all p_ for peripheral collisions
- Global Scale Uncertainty 10.6% - Global Scale Uncertainty 10.3% - Global Scale Uncertainty 10.7%
[-22<y<-l1.2 - ly| < 0.35 [ 1.2<y<2.2
2 % 2 2r
51.51 15 15 ! 1
o EL i Tl
L. I H ______________ - S | $ ______________________________ - S N T
T ﬁ% ++ W % % 1%5@@@ by %%
0.5 0.5 0.5
" Centrality 60-88% " Centrality 60-88% " Centrality 60-88%
T R T S T R T SR T R T SR
P, [GeV/c] P, [GeV/c] P, [GeV/c]
Phys. Rev. D 86, 092006 (2012)
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Centrality Dependence

o—

RdA

- Global Scale Uncertainty 10.6%

60-88%

- Global Scale Uncertainty 10.3%

, consistent with 1 at all p_ for peripheral collisions

g

- Global Scale Uncertainty 1

0.7%

[ -22<y<-l.2 -y < 0.35 [ 1.2<y<2.2
2 % 2 2r
51.51 15 15 i i
o EL i Tl
L. I H ______________ - S | $ ______________________________ - S N T
= ﬁ% %% W % $ 1?@%@%@@ b H
0.5 0.5 0.5
" Centrality 60-88% ECentraIity 60-88% " Centrality 60-88%
T R T S T R T SR T R T SR
P, [GeV/c] P, [GeV/c] P, [GeV/c]
Phys. Rev. D 86, 092006 (2012)
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g

Centrality Dependence

o—

40-60%

Increasing suppression at low-p_ when moving to central events

- Global Scale Uncertainty 9.1%

- Global Scale Uncertainty 8.7%

- Global Scale Uncertainty 9.1%

[ -22<y<-1.2 -y < 0.35 [ 1.2<y<2.2
2 2r- 2r-
51.5F % ; 51.5[ 51.5[ I
n:% : EEE *% " n:% : é m% : M% i
1 B 21 o L A L | i 1 L B S
o Pt ] T
0.5 0.5 0.5
" Centrality 40-60% ECentraIity 40-60% ;Centrality 40-60%
T R T S T R T SR T R T SR
P, [GeV/c] P, [GeV/c] P, [GeV/c]
Phys. Rev. D 86, 092006 (2012)
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Centrality Dependence

o—

20-40%

Increasing suppression at low-p_ when moving to central events

g

- Global Scale Uncertainty 8.5% - Global Scale Uncertainty 8.2% - Global Scale Uncertainty 8.6%
22<y<-1.2 |yl < 0.35 1.2<y <22
2 2 2r
1.5:— 1.5:— 1.5
& | Eﬁ@ﬁﬁwHH 3 M $ & | @@% |
1R @” ““““ - « 1@ ““““ ; ‘E"ﬁ ““““““““““““““““ TG M ““““““““
ﬁﬁ : : G paggaan B
0.5 0.5 0.5
" Centrality 20-40% " Centrality 20-40% " Centrality 20-40%
T R T S ST T S S A S T T S S
P, [GeV/c] P, [GeV/c] P, [GeV/c]
Phys. Rev. D 86, 092006 (2012)
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Centrality Dependence

. 0-20%

Increasing suppression at low-p_ when moving to central events

g

- Global Scale Uncertainty $.0% - Global Scale Uncertainty 8.6% - Global Scale Uncertainty 9.0%
22<y<-1.2 1 |yl < 0.35 1.2<y <22
o % : o oF
31.5:— E % 31.5— 31'5_
m-c 1:_ maﬁﬁé%ﬁ ............. m-c 1:_ .............. H$$ .................. H ..... m-c 1:_ ..................... ,@@@ ......... H ........
oA N i f I 5 g
0.5 0.5 o.si@m
r Centrality 0-20% " Centrality 0-20% " Centrality 0-20%
T R T S T R T SR T R T SR
P, [GeV/c] P, [GeV/c] P, [GeV/c]

Enhancement at high-p_ at backward rapidity

Implies R, ,(CNM) = 1 at high-p_in Au+Au

Phys. Rev. D 86, 092006 (2012)
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J/xp VS. Py (0-100% centrality)

Phys. Rev. D 86, 092006 (2012

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

~ Global Scale Uncertainty 8.3%

- Kopeliovich et al.

— — Lansberg et al.
nDSgoc, =4.2 mb

N

25

Minimum bias results.

315 4
Z L %% jl] L Similar suppression at mid-rapidity
=TT ——=====— 1 and forward (d-going) rapidity.
C -2.2<y<-1.2 a)-
Suppression below = 4 GeV.

-~ Global Scale Uncertainty 7.8%

N Kopeliovich et al.
-~ — = Lansberg et al.
nDSgoc, =4.2 mb

Rya, = 1 above 4 GeV.

Different R,,, p; dependence at
forward (Au-going) rapidity.
Enhancement above = 1 GeV.

“E Global Scale Uncertainty 8.2%

,b --- Kopeliovich et al.
- —=- Lansberg et al.
nDSgo, =4.2 mb

No clear explanation from theory for
the forward result.
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J/y in CNM

Phys. Rev. Lett. 107 (2011) 142301

JAp (integrated over pT) are
suppressed at all rapidities,
in all centralities.

The model, using shadowing
(EPS09) + bo, qualitatively
matches what we see, but
cannot simultaneously capture
the rapidity and centrality
dependence.

R,,,(60-88%)

©
[

4
© -

R, (0-20%)

[ J/y in d+Au at \s,,, =200 GeV ~

Centrality 60-88%
Global Scale Uncertainty +10%
— Gluon Saturation

Centrality 0-20%
Global Scale Uncertainty +8.5%

[ Centrality 0-20%/60-88% ;
[ Global Scale Uncertainty =8.2%
[ [ R ! R

2 1 0 1 2

g
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J/y in CNM

Phys. Rev. Lett. 107 (2011) 142301

JAp (integrated over pT) are
suppressed at all rapidities,
in all centralities.

The model, using shadowing
(EPS09) + bo, qualitatively
matches what we see, but
cannot simultaneously capture
the rapidity and centrality
dependence.

R,,,(60-88%)

©
[

4
© -

R, (0-20%)

Centrality 60-88%

Global Scale Uncerta
— Gluon Saturation
— EPS09 and o, =4

10%

Centrality 0-20%

Global Scale Uncertainty

Centrality 0-20%/60-
Global Scale Uncertainty|

88%

-2 =1

d —

<t

g
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w RdAU RdAuwl _ [?7/) /(J/w)] RdA .]/1_[).
W)
- Trrr1 7 @ y PHENIX Preliminary T
1.2 Global Sys + 28.4% —
 Strong 14 - = J/y Phys.Rev.Lett. 107, 142301 (2011) :
suppression e | GlobalSys+146% |- -
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Ncoll - . T " g
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dependence of g4 —— 1§ ]
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%, — Jhy +y PHENIX d+Au @ 200GeV

-
(o)
o

—e— Signal after all
background subtraction
——— Simulated

N,.., / 50 MeV

N
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)
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o o
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a
o
T

-
0 02 04 06 08 1 1214161
J/wmass[GeV] 1

Charmonium R, ,

0.6
seems to depend on

blndlng energy. 0.4 ®  J/y Phys.Rev.Lett 107, 14231 (2011)
t

Better . measurement |

is needed though. A ' PHENIX Preliminary
! -lllllll Illllll llllllll l]lllll
% 01 02 03 04 05 06 07 08 09 1
Quarkonium Binding Energy [GeV]

B %, PHENIX Preliminary

3/15/2013 Moriond 2013, X. HE 21



PH- ENIX \QS_)

Summary and Outlook

* Showed three puzzles about J/\y production at 200 GeV Au+Au
collisions in comparison with the results from LHC Alice experiment
and at RHIC low energy runs.

* All signs indicate that one has to carefully disentangle the cold nuclear
matter effects on J/1 production in order to exclusively extract color
screen effects from a QGP medium.

e PHENIX has made measurement of J/1 production from d+Au collisions
at 200 GeV in 2008. This data set allows us to study the J/1 production
as a function of collision centrality, pT, and rapidity, which provides
important constraints on theoretical modeling of cold nuclear effects
on quarkonium production.

e This work only presents one part of our systematic studies of QGP
properties using heavy flavor probes in heavy ion collisions. Stay

tuned!
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Direct-y R,, Is near zero
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PHENIX Au+Au, \[s,, =200 GeV, 0-10% most central
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