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Motivation: Heavy Quarkonium
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= In-medium modification of heavy quark-anti quark bound states
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= In QED Debye screening understood: electric gauge bosons acquire T>0 mass
lim oo (0, p) = mp
(E(x)E(0)) ~ e me/|x)> P70
lim ﬂij (O, p) =0
p—0
= In (lattice) QCD challenging, since E and I, not gauge invariant
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Current approaches to mp
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=, Perturbative evaluationin QCD hampered by magnetic sector O(g?T)

N ZT mLO o [Ne Nt
pert LO g D 2 3 mp = + gl
m =mp + lo + k19T +Kk2g” T 3 6
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Lattice EFT evaluation (EQCD) Potential models F(U)(R)
1 Idea of Debye: inspect interactions

I—eﬁ“[A(C)l) Af‘] :ZF%F% + TT[Dh AO] [Di) AO]

+ mgTrAg + ?\A(TrAé)z

of test particlesin presence of charges

| mp/T

Ne=0 — o |

= g3, m3and A, matched to QCD perturbatively

= Need to disentangle E and B screening
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= Measure <hsh;>~emPIxl - with hi=gy Tr[AqF] = Fit purely Coulombic e™Pr/r at large distances

= Large corrections k;=2.5(2) k,=-0.5(2) Much smaller corrections K;=0.35 k,=-0.1 (SU(3))
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Current approaches to mg
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= Perturbative evaluationin QCD hampered by magnetic sector O(g?T)

N ZT mLO LO _ & &
pert LO g D 2 3 mp = + gl
m =mp + lo + k19T +Kk2g” T 3 6
D D 47-[ g 92T 9 g . N g@gm%
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Lattice EFT evaluation (EQCD) Potential models F(U)(R)
1 Idea of Debye: inspect interactions

Leﬁ[Ag) A?] :ZF%F% + TT[Dia AO] [Di) AO]

+ mgTrAg + AA(TrA%)Z

of test particlesin presence of charges

Our strategy:
g5, m3 and A, matched to QCD perturbatively &y

|.:instead of a model, use the proper
= Need to disentangle E and B screening lattice QCD heavy quark potential

= S
D A
@\?SfO‘C)‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘P@Q
é R I I 2,
QQA A )
0

2.: elucidate T>0 modification of Vqogo
beyond Coulombic screening

Ao

= Measure <hshg>~e™PIXl - with hi=g; Tr[AoFl = Fit purely Coulombic e™Pr/r at large distances

= Large corrections k;=2.5(2) k,=-0.5(2) = Much smaller corrections k;=0.35 k,=-0.1(SU(3))
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Defining mp for the proper Voo
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= Challenge: T>0 heavy QQ potential defined using effective field theoryis complex

= How to connect in-medium modification of Re[V] and Im[V] to a Debye mass?

V30 = Velr) + Vs(r) = =22 + o1 4 ¢
T

Coulombic: a=-1 qg=a,

y v (6vc(r)) — 47 g 5(F)

’ String-like: a=+1 g=0
V(r)=aqr® E=-VV(r) v (V%(r)) — 4o 5(F)

T2
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Introducing medium effects
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In the classical theory of Debye: Boltzmann distr. backgr. charges <p>

—

V (VVelr) = —4me (8(F) + (p())

Q " Here instead: Introduce medium via weak coupling HTL permittivity €
% 22 adl . 2 N (X’S 2 2
p“Vc(p) =4n— e ' (P,mp) = 55— —inT zmez 2
e(p, mp) p2 +mf, (p2 +mp)
linear response form in
which mp->0is possible —VZVC(T) 4 m%)VC(r) — o (47.(5(1—:) L iTm%)g(mDr)>
(7 sin(px) p
g(x)—ZL ap px  p2+1

solving for Re[V(] and Im[V]: reproduces the HTL result

Vs(r): Gauss Law operator not diagonal in Fourier space: assume validity of linear response

—— 5 TtuV r:G(47r<Sf’—iTm m r) = mp—
2 dr2 w Vs (r) (T) pg(mpr)) H D s
1 1
ReVs(r) = Z[ﬂ ED_l (\/EMT) 4+ LZJE Im[Vs] as integral expression using Wronskian
27 ﬁ 32 2 Zr[z] KL D, parabolic cylinder function
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Extracting Vqq in SU(3)
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m From the Euclidean Wilson loopto the complex heavy quark potential

log[W(r, 1)] Po(n w) Y"QQ(")
4 T Re[V(r)]
ro .* Bayes J 5, Peak Fit o -
/ w ¢
o o™ = |, Im[V(r)]
°. r r_,';'/ J . == iy == (A
R e N > - — —F + + : > r

I r r r,
B r /

= Quenched lattice QCD: anisotropiclattices with naive Wilson action 323xN.

= Fixed scale approach: B=6.1 ¢=a./a.=4 a,=0.097fm

N [20 122 124 26 [28 [30 32 136 |72

T/Tc 1.4 1.27 1.67 1.08 =1 093 0.88 0.78 0.39
Nmeas 2080 1980 1920 800 1730 900 880 940 950

= Toavoid cusp divergences: use Wilson line correlators in Coulomb Gauge instead of Wilson loops
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Re[Vqoo] and mp in SU(3)
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= At T=0 Re[Vqq] is well described by the naive Cornell ansatz

Re|V] m

0D/T
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= mp(T) captures physics of screening: excellent agreement with lattice Re[Vg]
= T<T.: mp compatible with zero, ininfinte box expect jump to finite valueat T,

= Once my is fixed by Re[V], postdiction of Im[Vq] possible
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Im[Vqoo] and mp in SU(3)
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= Im[Vqq] less reliable since based on spectral widths

Im[V] mplT
0.5, )
4 Nj=32 2.0/
SU(3) B=6.1 £,=4 Ny=32
0.4}
1.5 { $
0.3} | m AC
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0-2' m mplT {
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0.1}
s Al , ‘
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= mp(T) notonlygoverns screening but also scattering effects
= T<T.:since mp compatible with zero also Im[Vq] vanishes

= Agreementwith lattice Im[Vqq] at T>>Tcand small r: need lattices with larger N,
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ISOQUANT
The Debye mass parameter
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“ B Fit y=mT
5"\ m myT M Fit y=4e7¥eV2pT
\
al < EiYT @ mET m mERCPT

12 14 | GeV]

m Interpolate with HTL + non-perturbative corrections (g(u=nT) 4-loop; fit of k;=2.7 k,=-1.5)

N,
N, Ng(u)zT 3 5 3
mp =4/ — T4+ —/——— ] + T+ T
D 391 w08y TR9 T kgl

* Evaluation of <(AgF;;)?>in EQCD: k;=2.5 k,=-0.5 (u=2nT) Fit to free energies k;=0.3 k,=-0.1 (u=nT)
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Summary&Outlook L

= Novel definition of my from the gauge invariant complex QQ potentialat T>0
= Ingredient 1: Generalized Gauss law together with weak-coupling permittivity "t

mm) Parametrization of Re[V] and Im[V] with my asonly T dependent parameter

= Ingredient 2: Proper lattice QCD based values of Re[V] and Im[V]

m=)  \alidate Gauss-law parametrization by reproducing Re[V] via mj fit alone

In SU(3) my vanishesin the confined phase, finite above T (akinto a phase transition)
mp around T smallerthan LO HTL, for T>>T. seems to be systematically larger

Perform continuum limit for SU(3), extract Vo4 on realistic HISQ lattices (HotacD)

Consequences for phenomenology? (enhanced photon production around T...)

Thank you for your attention
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