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Quarkonium at T#0

»

cannot ‘“‘see”

These quarks effectively
each other!

* rearrangement of color around Q
o effective charge of Q reduced (screened)

® assume Potential interaction at finite T

S — e S S R S ——







Matsui-Satz argument

back to semi-classical aPProximation Al o5 T ) o
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at some r5(T)no solution exists, 1.e. no bound state
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KMS Potential

o Screened Cornell Potential

o o
g M(T)( ) e : : 8 .
o Asthe screening w(T) increases /

with T the Potential becomes M(T) increases

less effective

» Effective binding Potential W

Large w(T) no bound state
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Sequential dissociation
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QGP thermometer




shine 5 beams onto a black box
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QGP >

1) If ¢’ 1s absorbed and y, J/p get through

=> strongly interacting matter < T, 1.e. hadrons
2) Ify’, ¢ are absorbed, J/Ap gets through

=> matter near T
3) If nothing gets through

=> QGP above T,

but we don’t have a box full of QGP or quarkonium beams
@ bound states likelg not form before the hot medium




collision evolution

AT Problem of scales

c~C Procluction time, bound state formation time,

Plasma) glasma formation time, Plasma life e
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+ Need to know how quarkonium

Properties are modified in the Plasma

o Istherea rigorous way to stuclg the
modification with temperature of
interquark forces 7 this is a much more
generic question (how the conﬁ'ning

forceis changing)
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|_attice QCD

* ab initio (Ist Principles}
Monte-Carlo simulations
of QCD ona4D gricl
(heed a lot for oPerations

to Complete)

* SUPCFCOmPUtCFS

1 Tﬂop = 10”2 oPera’cion/ 5




Static quark free energy

o | attice studies the difference in the free
energy of the sgs’tem with static Q-

Pair and the same sgstem without static

cha rges
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| Fy(rT)[GeV]
_ gluon matter

|

| quar|< gluon matter
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Ne=0: Ne =2: N =3: Ne=2+1:
| 32% x 4,8, 16-lattices 163 x 4-lattices 163 x 4-lattices ~ 24* x 6-lattices
( Symanzik ) ( Symanzik, p4-stagg. ) ( stagg., Asqtad) ( Symanzik, p4fat3)
hybrid-R hybrid-R RHMC
g. ’gargézvarek, my /my = 0.7 (m/T = 0.4) my my = 0.4 my, =~ 220 MeV, phys. m
P Petrecz,ky, O. Kaczmarek, F. Zantow (2005), F. Petreczky, O. Kaczmarek (2007),
F. Zantow (2002, 2004) O. Kaczmarek et al. (2003) K. Petrov (2004)  RBC-Bielefeld (2008)




Fy(r.T) [GeV]
gluon matter




confinement, or

deconfinement => screening

Vacuum (T=0) physics at
short distances




F(r,T) [MeV]




F(r,T) [MeV] .
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T~independent
F(r, T ~g2(r)/r
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Stri ng breaki

T<T,

F’(oo)T) < 00

ng

screening




r(Fq(rT)-F.(T)
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FA(nT)-F(r=e,T)= —%e




Screening masses obtained from fits to:

Fl(r,T)—Fl(r=°°,T) =7

at large distances rT > 1

leading order perturbation theory:

T 6

mp(T) =A (1 + &)llzg(T)

perturbative limit reached very slowly

mp/T

! [ Av-0=130) |

T depencence qualitatively
described by perturbation theory

ButA~14-15 = non-perturbative effects
A — 1in the (very) high temperature limit
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Zi A (r, T
Uil T) =T m(%)

= Fi(r,T)+TSi(r,T), ar
i=1,8,av.

or

Si(r,T) = ih(TM) _ _OFK(rT)

Z(T)




Entropy contributions vanish in the limit » — 0

R(r<1T)=Ur<1T)=V) Verr(r,T) [MeV]

T

AE ,(T=0)

steeper slope of Vesf(r,T) = U1 (1. T)
= J/y stronger bound using Vess = Uh(r,T)

= dissociation at higher temperatures compared to V,z¢(r,T) = F (r.T)
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TABLE I. Summary of masses and binding energies (in
[GeV]) for S-wave quarkonia in the QGP as extracted from
the finite-temperature 7-matrix determinant, Eq. (7).

T/T. 1.1 15 20 25 30 33
M[J /i, ] 200 313 325 334 =340
EglJ/e,m.] 041 027 015 006 =0
M[(28)] ~3.40 . ... . .
Eglp(28)] =0

T/T. 1.1 1.5 1.8 2.1 35

MY, 1,1 935 947 959 970 981 986

Ep[Y, 5] 095 083 071 060 049 044
M[Y(2S)] 1005 1018 1028 -+ oe- e
Ep[Y(25)] 025 012 =0

M[Y(3S)]  =10.30 e

Eg[Y(35)] =0

TABLE II. Same as in Table I for P-wave quarkonia.

T/T. 1.1 1.3 1.5 2 23

dopddddddg
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M[x.(1P)] 338

Egly.(1P)] =0
M[y,(1P)] 995 1005 1011 1023 10.30
Eglx,(1P)] 035 025 019 007 =0
M[y,(2P)] 1025 1030 e e
Es[x»(2P)] 005 =0
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3500 |- 1! There is a large Increase
. U.—_T2 IF-/T |1 inthe entropg and
ol * T B ;
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N e transition tem Peratu re !
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- Adding an extra static meson increases the entropg and the internal energy like in
' the Procluction of extra hadrons in resonance gas model. This increase is not related

" tothe increase of the strength of interaction between the q~q Pair.










Quarkonium correlators

o Inlattice QCD correlation function of
mesonic currents are clirectlg calculated in

Fuclidean time
G(r.p.T) = [ dxe™ <jH(r,55)jZ(0’6)>

 meson current in different channels

qq scalar X0 Xwo

= 5}’54 pseudoscalar N My

qv,9 vector J/y Y

gV, Vsq axialvector . %1




» Meson correlator is related to the

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

spectral function 6w - [ doow.T)

* We can leam about the spectral

sinh(w /(2T))

function at finite tem berature in two

ways: look at either the spectral
function clirectlg or the ratio of

correlators

G(r.T) = [ o(w.T)K(r.0.T)dw

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




Initial | nterpretation

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

G,.(t.T)= fG(a),T =0)K(t.w.T)dw
* G/Grec =1 means spectral function unchanged) state

survives

* G/Grec #1 means spec’cral function modified, state

dissociated
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Spectral function

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

Correlator  Spectral Function Kernel
MEASURED  EXTRACTED withmEM  cosh[w(z-1/2T))/sinh[w/2T]

Gw,p.7) m) | MEM | B} o(w,p.T)

> Looking for the sPectral function which maximizes the
conditional Probabilitg P[sigmalDH] of having the sl:)ectral
function sigma given the data D and some Prior knowledge H

) Prior knowleclge is the Positivitg of the stC, gjven bg Shannon-
Janes entrop9 (has a default model as inl:)ut )




SPectral function SPLASH

anisotropic lattice, 323 x (96-32) isotropic lattice, 483 x(24-12),

£=4.0, a=0.01 fm, (L,=1.25fm) a=0.04 fm (L,=1.9 fm)

Asakawa & Hatsuda, hep-lat/0308034 Datta, Karsch, Petreczky & Wetzorke,
hep-lat/0312034
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anisotropic lattice, 243 x (160-34)

€=4.0, a,=0.056 fm, (L;=1.34 fm)
Jakovac, Petreczky, Petrov & Velytsky
hep-lat/0611017




Summarg of Lecture 2

o Static Q-Q free energy from the lattice
shows strong modification of interc]uark

Forces) screening above deconfinement

o | attice correlators/ spectral functions

_ in the next lecture - what we make of
all this

Would the J/VY survive unaffected in the QGP up to1.5-2T,

even though strong screening is seen the plasma?
S S S %




