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Quarkonia (bound states of heavy qg ), are an important

probe to study QGP.

In medium properties
encoded in the spectral
functions.
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pr(w, k) = /dt @ expi(K % — w)| (LI (%, 1), Jr(0.0)])7



» Euclidean-correlation function G&(7, k) = fexp(iE.f() (Jr(x,7)Jr(0,0))

where J(X, t) = 1,5()?7 T)ITY(X,7)

)]

i

- * dw - cosh[w(T — 2
E(+ Kk :/ P 2T
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» Numerically ill-posed
problem. Small number
of data points and
statistical errors.
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We computed for charm and bottom correlation function on the lattice with

my ~ 320 MeV. .
We consider T' = ~5, kK = 0.

T ~ 12T (N, = 32),1.3T(N, = 28),1.62T (N, = 24) T. = 180 MeV.

L=27fm




> w>2M
Thermal effects are suppressed.
Vacuum perturbation theory will
work.

> w~2M
Thermal effects are important.
Spectral function needs to be

calculated using thermal
potential.

> w K 2M
For the pseudoscalar channel, the
spectral weights are exponentially
suppressed.
For the vector channel, there is a
contribution around w ~ 0 due to
transport.

Thermal Potential

Diffusion
Perturbative
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Thermal Potential



[én (7. 1)) = D(=7/2, t) U(=F/2,0) H U(0, 7/2) ()2, t)|n)

Oy (r,t)

S—PT TY

A,
U

|
— Standard Cornell Potential

H =

jary

(Ze

B, (
B:

)
X,
+ = Bx

H
H

Hybrid Potential

s, )



cH(rt) = %Z e FE <¢7(r, t) ] on(r, 0)>

> Mg — oo, CH(t;ir) oc (WH(r, 1)),

py<—U—>vy
» Static potential:

v Dlog W(r, ) IEEREREE]
Vi) =i lim = T
» Non-perturbative formulation: :
I
WE(r,7) = / dw p(w, T) exp(—w ) m
W (r, it) = / dw p"(w, T) exp(—iw t) Veeopy—> V¥

A. Rothkopf et al., PRL. 108 (2012) 162001



Potential at zero temperature

» From first principle at large 7:
WE (r,7) = exp(—VuT)

8 log WM(r,t)
ot

> Jlimiseo
trivially,

» The potential can be extracted
from the plateau of effective mass

WE'(r, 7) )

am:ff(rvT) = log (Hi
WE(r, 7+ a)

(standard technique).
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DB and S. Datta, PRD 103, 014512
S.Capitani et al, PRD 99, 034502
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Effective Mass

dlog WM (r,r—it)
ot

becomes non-trivial - no pure
exponential decay.

» The limit i lim;—

» Needs further physics input.
» Let's look at the 7 structure of HTL

because of the existence of the limit.

M. Laine et al., JHEP 0703:054
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log W(r,7) = —Vie(r) T — / dqgoo(r, qo) [erT + eqwﬁﬂ]

= Landau Damping

e g2 e—mDr )
VrE(r) = _ECF {mp + p ] = Color Screening

im zdz sin(zmpr)
V() = c / Ey [1 i }




log W(r,7) = —Vie(r)T — / duo(r,u) [e”T + e”(BfT)} +...
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W(r,7) = Aexp [—\/,e(r)T - 5VT"“(') log <sin (%)) +.. ]

x?/ndf ~ 1 for all distances
D. Bala and S. Datta, Phys. Rev. D 101, 034507
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Quarkonia Spectral function



Quarkonia Spectral function PS channel

oS (1) / % (3, x)ys (2, x)5(0,B)ys U (0, 8)) v
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Mg > Aqcp, T. Expansion in leading order inverse
quark mass leads to, M.Laine et al, JHEP 0703:054

C-(t;7,F)=0
M]} S (6 7,7)
where V7 is defined in static limit. with

Co(0;7,r) = 83(F—F)

{i@t - [2/\4 FVr(r) —

pp(w) o< lim / dte™" Co(t; 7, r)

r—0,r'—0 J_
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2

pps/o

pps(w) = Ao pps(w)f(wo — w) + phs (w)B(w — wo)

Asyhptotic vacuum —— ' Matched épectra\ function -
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Similar spectral function using perturbative potential.
Ne=0 M. Laine et al, JHEP11 (2017) 206
Ne=3 DB, O.Kaczmarek et al, hep-lat,arXiv:2505.11313
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> (1S) state for bottom disappear much after T, (T. = 180MeV)

» Significant thermal effects on charmonium state.
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Consistency check with Lattice
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Consistent with lattice data.



Consistency check with Lattice

Pps*e! (w, A) = A pps(w)
1

* dw coshlw(T — 5%)]
E _ model 2T
GPS(T7 A) - /0 T pPS (w7A) Sinh[;;—]
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» These spectral functions indeed describe the lattice correlator .



Summary

Thermal Potential Spectral Function
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Color screening is supported by Lattice QCD
Hybrid quarkonia are unlikey to form

Large medium modification of charm states



HTL Inspired Spectral Function: w ~ V,.:

pIOW(r w Vre \/ (Vre - W)z + \/2

P/Pmax

~op(—(Ve —w)/T) o

DB and S. Datta, PRD 103, 014512 DB, O. Kaczmarek et al., PRD 105, 054513
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» Non-perturbative thermal potential is very much different from the perturbative
potential.
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Cut-Lorentzian

pw(w) Vee(7)

Vi (1)

Vie = 2Vin Vie + 2Vim

Weut
w

» Ad-hoc cut-off applied on the
Lorentzian.

» Existence of low-w delta
function.

dlog WM(r, t)
ot

- wcut!

V(r)=1i lim

t—o0

» Unstable fit.
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