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Medium-induced radiation

Jet splitting rates in BDMPS-Z! formalism; (a — b+ ¢):

dP

Re/ dtldtg Vbl . Vb2 [K(tg, b2; t1, b1)‘b2:b]:0 - (V&C.)} 5
dk t1 <t

where IC is the Green’s function of the Hamiltonian

_ »Vj %
H= 2kpk+ZZ2E R

that encodes transverse diffusion.

Real part: Kinetic term for transverse propagation in the medium
with in-medium masses m;.

Imaginary part: Interaction with the medium; scattering kernel.
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Jet modifications are infrared sensitive

Pns(p) ~ ¢*T/p | *ne(p) ~ ¢2/2

p~T Hard particles carry most of the stress-energy tensor.

Jet-medium interactions in the Quark-Gluon Plasma (QGP) can have

large IR contributions.?
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Time-independent and Euclidean Gluon zero modes.? Calculate non-
perturbative contributions in lattice electrostatic QCD (EQCD).
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Dimensional Reduction (DR)

Integrate out fast (hard) modes perturbatively — EFT for static modes.®

All-order thermal resummation to by-pass IR problem. Applied for
thermodynamics of non-Abelian gauge theories such as (EW) phase

transitions” and QCD.
A 'CQCD; hot QCD, (3 + 1)—d1m

hard 1 T Dimensional Reduction
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Dimensionally reduced effective theory for hot QCD

QCD described by 3-dimensional super-renormalisable theory

1 On
Skeqep = T /x {'CEQCD + Z (7TT)"} .
n>>5
“Electrostatic QCD” (EQCD) at high T" (A — ®%)

Tt FijFy; + Tr [Dy, ®|[Dy, @] + mE Tr &% + A, (Tr &)

N | =

EEQCD

D; = 0; — iggA;. Developed to study high-T thermodynamics,® but
also used for soft light-cone observables.”
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Asymptotic masses

Integrate out jet energy scale £ > T.
Truncate %—series: LO correlators!®

mgo = Cr(Zy + Z)
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Condensates of the asymptotic masses

In QCD rewrite detour through the medium as'!
1 [ b
Zy = “a ] d$+x+<qu£”(a:+) U (x™;0) vabpy(O)> ,

and match also operator onto EQCD

Z3 = —i OOOdLL (—(EE) +(BB) + i(EB>> .

Correlator splits into electro- and magneto-static contributions:

(BE) = J((D.2(1))" T(L,0) (D:2(0))")
(BB) = L(Fe.(1) US(L,0) F2.(0))
HEB) = L(D.(L))* US(L,0) F4,(0)) + [BE]

1y (z;0) is an adjoint, light-like Wilson line.



EFT matching with full QCD

Strategy:

CQCD(x): CQCD(:E)_CEQC])(J;) + CHQC[)(LL')

UV dominated lattice

Done!? for C(q.).
Partially done'? for mi.

e Missing full QCD contribution.
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Asymptotic masses at NLO:
The EQCD side
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Z, receives IR contributions already at O(g)"

scale T (hard)  scale gT (soft)
— T Ty’h
Zg = 6 2
Tmy Ty,
+ { T T
T 0
1 | Hi
+ { Chard 1N ™ +¢p g In % + Cooft
+0(g%) .

scale ¢?T (ultrasoft)

|
|

I Hs
+ Cor + cs?)ft In g275T + Cyr2 :|

Scheme-dependent at NLO; use intermediate regulators T >> uy > ¢gT

and ¢gT > ps > ¢*T.
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Zs in EQCD perturbatively

Diagrams contributing at LO + NLO to the force-force correlator Z,
in EQCD:
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Asymptotic masses (non-)perturbatively

Three different correlators contribute to Z, C m?2, in EQCD:
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small-L: NLO perturbative estimate

large-L: Fit long L-tail to model'®
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Asymptotic masses (non-)perturbatively

Three different correlators contribute to Z, C m?2, in EQCD:
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small-L: NLO perturbative estimate

large-L: Fit long L-tail to model'®

15 M. Laine and O. Philipsen, Gauge-invariant scalar and field strength correlators in three dimensions, Nucl. Phys. B
523 (1998) 267 [9711022]


http://dx.doi.org/10.1016/S0550-3213(98)00133-3
http://arxiv.org/abs/9711022
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Asymptotic masses (non-)perturbatively

For T'= 100 GeV and Ny = 5, strong agreement between perturbative

and non-perturbative Z,.
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Conclusions

Jet modifications (+other transport) involves soft IR QCD —
(lattice) QCD

> .- . 9 g .
Key quantities are C'(b| ) and asymptotic mass mZ  from lattice

EQCD
What’s next for m2_?

Finalise matching computation to full QCD

Jet splitting rates

Input to effective kinetic theory AMY'6 — GMT7
Ingredients for NNLO-transport

Feed into event generator

16 p B, Arnold, G. D. Moore, and L. G. Yaffe, Effective kinetic theory for high temperature gauge theories, JHEP 01
(2003) 030 [hep-ph/0209353]

17 . Ghiglieri, G. D. Moore, and D. Teaney, Jet-medium interactions at NLO in a weakly-coupled quark-gluon plasma,
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Wilson line

Replace the lightlike Wilson line U, with its EQCD counterpart!'®

Un(L;0) = Pexp(igE /OLdz (Al(2) + i(I)a(z))Tg) .

18 5 Caron-Huot, O(g) plasma effects in jet quenching, Phys. Rev. D 79 (2009) 065039 [0811.1603]
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Fitting estimates

As elaborated in,'? it is necessary to model the large-g2 L tail of the
correlators in order to perform the dL L integration up to oo. For
(EE) and (BB), their functional form?° is

L2
(g%L)Q eXp(_B e )7

with the fitting constants A and B. Considering i(EB), we find that
the data rather follows

A'exp(—B' - ¢2L) ,

with the respective fitting constants A’ and B’. As already argued
above, the impact of i(FB) on Z, is small.

19 G. D. Moore and N. Schlusser, The nonperturbative contribution to asymptotic masses, Phys. Rev. D 102 (2020)
094512 [2009.06614]
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523 (1998) 267 [9711022]
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Dimensional Reduction (DR)

Integrate out fast (hard) modes perturbatively — EFT for static modes.?!

All-order thermal resummation to by-pass IR problem. Applied for
thermodynamics of non-Abelian gauge theories such as (EW) phase

transitions?? and QCD.
A~ L"Fullu (d + 1)—d1m

hard 1 nT Dimensional Reduction

mp Ly, d-dim

soft + gT' Integrate out temporal scalars
my, ¢ Ly, d-dim

ultrasoft 1 ¢°T/
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Zs in EQCD perturbatively

Diagrams contributing at LO and NLO to the EQCD force-force cor-
relator Zg:
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Example: LO colour-electric condensate (EE) — free solution

£ = 2% (a)"F = 0,0, Tr (972, L) (', 0))]
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