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The menu

o Refresher from lecture 2

S bnclerstancling attice data

o Pgracling Potential model analgsis

® | essons ancl the Bt ul:)gracle
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= Fi(r,T)+TSi(r,T), ar
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Entropy contributions vanish in the limit » — 0

Ar<1T)=Ur<1,T)=W(r) Ver(r,T) [MeV]

AE ,(T=0)

steeper slope of Ve¢¢(r,T) =U1(r,T)
= J/y stronger bound using Vess = U (r,T)

= dissociation at higher temperatures compared to V,z¢(r,T) = Fy (,T)
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|_attice spectral function

cosh(w(t -1/(2T))
sinh(w /(2T))

Gw,p,7) m) | MEM | B o(w,p.7) G- [ dwo(w.T)

 Shows no large T-dependence

 Peak has been commonly interpreted ?und state

* Uncertainties are significant!
limited # data points N, *" ‘
limited extent in tau g [ A/
systematic effects 0.1
prior-dependence
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Details cannot be resolved.

w[GeV]

“.it is difficult to make any conclusive statement based on the
shape of the spectral functions ... ”

Jakovac et al PRD (2007)




Analgze correlator ratio

G(t.T) = fa(a),T)K(r,a),T)da)

Ga(v.T)= fa(a),T =0)K(7t.w,T)dw

Initial interpretation

* G/G...=1means spectral function unchangedJ state survives

* G/G... *1means sPectral function modified, state dissociated




Charmonium correlators

Initial inter
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Jakovac et al, PRD 75 (2007)

bretation  J/y(n,) survives up to 1.5-2T_ anp . melts by 1.1 T,

Seemingly in agreement with spectral function interpretation.

2004: “dhp melting” replaced by “J/p survival”
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Recentl y: zero-modes

Low Frec]uencg contribution to sl:)ectral function at finite T,

scattering states of single heavg quarks (commonly overlookecl)
o(w,T) = Ty,(T)wd(w) + X”igh(a),T)

Quasi-free heavy quarks
interacting with the medium

K@ M5

Bound and unbound
Q-Qbar pairs (0>2mg)

n ) L oM s

Gives constant contribution to correlator =>> Look at derivatives

Imeda, PRD )
G(7.1) = [ o(w.1)K (t.0.T)dw Umeda, PRD 75 (2007
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Pseudo-scalar Scalar

G TVG geln.T) G(T.TYG (goln.T)
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Revisit Potential models

1. Calculate sPectral functions instead of

individual states

2. Dissociation condition E . =0 is

obsolete. Replace it!

5. We have accurate correlators from

Iattice. Compare moclels to these




I. Calculate s

pectral functions

narrow resonances - s

Dectroscopg o|<

]:)road resonances - need tota| cross section

SPectral function contains all the info about a channel: Erovicles

unified treatment of bound states, continuum and thres

old.

DisaPPearance of a Peak means dissociated bound state
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. Calculate spcctral functions

Simplified: bound states + continuum
2

P 1 .
ou(w,T) = jlm(,:”{.;]

- Z 1(0]ju|m)|? (w — E,) "

. on(w,T) = Fﬁ,u"( w— M)+ %w'j(]l:w' — s0) fu(w, s0),
b Z }:I.—}‘”AI"W‘ 55 ‘\[“ :I + H[ ) e '\.“] 1“]2[.-& S0 ; _dT“
2 Mocsy, Petreczkg, PRD 75 (2005);
Alberico et al , PRD 75 (2007) Alberico et al, PRD 75 (2007)

Full calculation

S E]GNR(?,?,E) i)
L m

o(£) = NetmG™ 7.7 E), .,

Solve Schréclinger equation
Cabrera, Rapp, PRD 74 (2007);

for non-relativistic Green’s function
Mocsy, Petreczkg, PRD 77 (2008)
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| attice-based Potentials |

i Most confining potential
1.2T, 3 gp
1 Wong potential
| = Our physical potential
it @ ( L
O, Internal energy- upper limit
= 05} TS
= Free energy - lower limit
0F
_0.5 1 1 1 1 1 1 "
0 0.2 0.4 0.6 0.8 1 1.2 ;
rfm] 5
Mocsy, Petreczky, PRD 77 (2008)
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Broadening of states

* When Eptras thermal broaclening—- we can estimate

* No need to reach sob | e

———- T=300MeV
3 G e e P alR S L S a0 S R | T P T =350 MeV

£y, =0 condition , 40 == =400 MeV
. | -—--— T =450 MeV

—-—— T=500MeV
o 30F W peevw— 500 MeV < T <M

» this lowers the

dissociation T

Broadening in agreement with:

v'pQCD calculation Laine, JHEP (2007)

v QCD sum rule
v Imaginary part in resummed pQCD
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Broaclenmg OF states
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WARNING! None of the spectral functions show

Phgsical widths - sofar these are meaningless Peaks

Do not need to reach Ei, =0 to dissociate a state.

[F(T) =2E,, ] Jhp melts before it bounds.

Mocsg Petreczkg PRL(ZOOc‘B)
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Compare 5|:>ec:tra| functions

Mocsy, Petreczky PRD (2007)

0.16
(s(m)lm2 1_2Tc
0.14 | 15T
: -0 ) pR— M¢
free -----
012 - lattice, 1.5T .
1. peak width 1 GeV
01 r 2. large uncertainties
0.08 | 3. details cannot be resolved
0.06 -
0.04 | ' —
i f---7 akovac et al PRD (07)
0.02 -
0 T : - T T T T T T T
2 3 4 5 6 7 8 9

Spectral function integrated from
2.7-4.5 GeV unchanged from T=0
and 1.5T

Lattice data is consistent with J/psi melting just above T
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o The idea was to iclenthcg the correct Potential 139

coml:)aring correlators From Potential mocJels to

correlators from lattice o J*’H —
150 Fin
- =
* Setof potentials qielcl S
indistinguishable results o
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* threshold enhancement . _— »__'“ﬁ”
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U pper limit 1Cor CllSSOCIatIOﬂ :

o (se the most comqnmg
Potentlal that IS 51:1” in

agreement with lattice

« Determine the T-
clePenclence o‘r‘ the
!:)incling energy

« Estimate the thermal
width

s A

V(1) [GeV]

most confining
potential




e pper limit for dissociation
‘T/TC. 1/(r') [fm1] »'
5> - | yas)

Xb(lP)

J/¢(1S) Y'(2S)

% (2P) Y"(3S)
x(1P)  w'(2s)

Mocsy, Petreczkgj PRD (2008)
Mocsy, 0311.0557[hep-Ph] (2008)




| mplications for experiment
N

16.0 |Karsch et al I RHIC |
14.0 P . l een/T" 1
12.0 o — —=
10.0 frl/' I 2 ¥ ]
80 | LHC -
6.0 + £ SPS 3 flavour

2 flavour

M, |

10 15 20 25 30 85 40
state x. ¢ J/p Y xp X
Tgis <T. <T. 1.27. 1.27. 137, QTC_)

Consequences:
J/ Ran: J/ should melt at SPS and RHIC
suPPressecl AL REIE. (centralitg &ependent?); &eﬁnitelg aEldEie:
expect correlations of heavg{iuark Pairs, i.e. non-statistical recombination

Young, Shurgak: 50% will not diffuse away




The future of Potential models

Effective field theories from QCD at finite T

Real and lmaginarg Part of Potential derived

= QCD
1/r ~mv NRQCD NRQCDHTL
-
2 mp~gT
B e B PG BNRQED. | 2

potential model

Brambilla et al (2008)

Laine et al, Blaizot et al (2008)




| essons to take home

* Golden signal of ST A suPPression is more like an

amalgam of different suppression, enhancement effects

* Potential mocle[s, in accordance with lattice data tell that
J/¥ will broaden above Tc and c-cbar will not be bound,

but correlation could Persist
* Dissociation at By, =0 is obsolete

o Lattice does not tell about quarkonium Proper’ties. Must
find the Potential from QCD

o Dont Forget: All this is static. Need clgnamic medium

see: Young, Shuryak (2008)
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