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Eariyywork on J/y (Hashimoto, Miyamura, Hirose, Kanki)
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Mass Shift of Charmonium near Deconfining Temperature and Possible
Detection in Lepton-Pair Production
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Jhy in Quark-gluon plasma

. Matsui and Satz: J/y will dissolve at Tc due to color screening

. Lattice MEM : Asakawa, Hatsuda, Karsch, Petreczky ....
Jhy will survive up to 2 Tc

. Potential models (Wong ...) :
Consistent with MEM Wong.

. Refined Potential models with lattice (Mocsy, Petreczky...)
- J/y will dissolve slightly above Tc

. Lattice after zero mode subtraction (WHOT-QCD)
. Jly wave function hardly changes at 2.3 Tc

. AdS/QCD (Kim, Lee, Fukushima ..)
- J/y mass change
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Some perspectives on sQGP and

relation to deconfinement
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SOme perspectives from Lattice data on (¢ , p) hear |

»  Lattice data (Karsch et al) vs. Resummed perturbation (Blaizot et al.)
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»  Operator representation: Gluon condensates
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M, and Bag pressure
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» Relation to Electric and Magnetic condensate

Kaczmarek et al (prd04)
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> Relation to deconfinement
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Heavy guark system in sQGP

OPE, QCD Stark Effect, and
QCD sum rules
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Heavy quark system near Tc

Large increase in E?

QCD vacuum <ﬁGZ> =(0.35GeV)*
0

T

B

SQGP at Tc

Vacuum with negative pressure

<QGZ> =o.7x<ﬁez>
= Tc = 0
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Heawy quark correlation function II(g?)

»  Definition

r1(q) = j dxe™(cc(x),cc(0))

»  Operator product expansion (OPE)

o F(a*,x) Jn
H(q)_...+joo|x(4mz_qz+(2X_1)2q2)n (G")+.

OPE makes sense when 4m? — CI2 >> <G>Vacuum = AZQCD

Even at finite temperature or as long as

4m®-q* >>(G) = (AQCD +aT) :

medium
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g%=0 : photo production of open charm

2 2
A4m* >> AQCD q°

6" =0~ ¥ e (6"

q2:m2w - OPE for bound state (Peskin 79)

4m2—q2 ~2me >> AZQCD

-g? >0 : QCD sum rules for heavy quarks

2 2 2
Am®+Q° >> Ayep

11



>

S HLee

2—m?2 -
g°=m My -

OPE for bound state (Peskin 79)
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4m* -’ ~2me >> Ay
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QCD™20d order Stark Effect: ¢> 4

qcd

> OPE for bound state: m-> infinity
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2"d order Stark effect from pNRQCD

» LO Singlet potential from pNRQCD : Brambilla et al. 1/r > Binding > A ocp,
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-g? >0 : QCD sum rules for heavy quarks

2 2 2
Am®+Q° >> Ayep
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Q===g-=0, QCD sum rules for Heavy quark system

>  sum rule at T=0 : can take any Q2 >=0, 4m*+Q° >> <G>Vacuum = AZQCD
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»  sum rule near Tc am* +Q° >> <G>O +A<G>T

Phenomenological side
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Matching M, _,/M, from Phen to OPE

- Obtain constraint for Am,, and I'
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QCD sum rule constraint (Morita, Lee 08)
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Mass and width of J/\y near Tc (vorita, Lee 08)
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Stark
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g=2

Am from QCD Stark Effect
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S-wave vs. P-waves
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OPE breaks down

kT 1+ ******#** f=1 +
¥ EE2 i =2
a + k3 Ne v l=3 *
ék
Ty
¥
+
iy *
=
g +
Jhy N
++'_J,'_'5¢e*€ +
* *
+# +¢
* #*
b \4 ****#***Jr \Z
0.9 0.95 1 1.05 0.9 0.95 1 1.05 141
TT, TT,
;:1, n%s +
0.4 ?i]b i Jhyr /\-
g=3, U: o
n'b
0.2 Cple o i "
I%J 0 — e e il 2  ai
'0.2 <=+ -~ -+ AR =+ - E ik e
L g8k
-0.4 g L
v
09 092 094 096 098 1 1.02 1.04

TT,

QPE

am [MeV]

I [MeV]

TT,

0 . . .
TEEERE R | £=2.0 + [ PRk £=20 +
-100 Yo * 25 Xel * 25
#* 3.0 =% ¥ 3.0 =*
-200 ¢ # v
¥
-300 | i f
*
-400 A "
-500 +
150 :(CU‘ XCI +
*¢ i**
100 + %
¥ ¥ 0+
50 | ; *
¥
o begscRd* jopxn X E
0.9 0.95 1 1.05 0.9 0.95 1 1.05
TT, TT,
;:1,.;1“&5 + /\
U
04 c::[p: 4 e #
£=8,a,0; o
0.2 Bndp £
Cn$c .
.
0 — e e - &
+—+—++—++—+—+—+
-0.2 =
o ] R = S = SR - SO - | *
B-+H
0.4 s
v
09 092 094 096 098 1 1.02 1.04

1.1

20



bb system
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Experimental observation from RHIC is difficult at present

1. Expected mass shift for J/y is order 50 MeV at Tc

2. Larger effect for excited states

3. Small effect for Y but larger y,

S HLee
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Gluon condensate in nuclear matter

e Linear density approximation

(Op) = <Op>0+2'OTN<N|Op|N>, M, o (N| T (Chiral)| N)=m} — 750 MeV
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Other approaches for mass shift in nuclear matter

S HLee

Quantum | QCD 2" | Potential | QCD sum | Effects of
numbers | Stark eff. model rules DD loop
O-+ —8 MeV -5 MeV No effect
nC (Klingl,
SHL ,Weise,
Morita)
J/ 1-- —8 MeV -10 MeV —7 MeV <2 MeV
\V (Peskin, Luke) (Brodsky et al). (Klingl, (SHL, Ko)
SHL ,Weise,
Morita)
0.1.2++ -40 MeV -15 MeV No effect
XC S (Morita, Lee) onchi_1
-- -100 MeV < 30 MeV
v(3686)| 1
— -140 MeV < 30 MeV
Y(3770) 1
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Observation of Am through p-A reaction
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0.17 fm 3 x5 fm?

Can be done at J-PARC

Table 2: Summary of parameters and resultant cross sections.

J,'H v e X e Xel Xe2

m[MeV] 3097 2980 3415 3511 3556

dm[MeV] —7 —4 —15 —15 —15
Feoe [MeV] 0.0934 255 104 089  2.05
Final State ete” vy  Jfvy Ty TPy

(0BW)peak [Pb] 0435 107 17.0 425 188
Expected luminosity at GSI 2x 10%2cm2s1 —»  Events/day 75 184 204 74 326
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1.  Properties of QQ system in SQGP is still controversial

2.  The mass and width will suddenly change at Tc - different for s p wave
and bottonium -> can probe confinement physics

3.  Partial observation at nuclear matter through P A reaction might be possible.
FAIR, J-PARC

4. A new constraint for heavy quark system near Tc

5. -2 to be continued by K. Morita
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