|
UNIVERSITY OF HELSINKI

Philipp Schicho
philipp.schicho@helsinki.fi

Helsinki Institute of Physics, University of Helsinki

Phase transitions in particle physics, GGI, 2022

@ J. Ghiglieri, G. D. Moore, P. Schicho, and N. Schlusser, The force-force-correlator in hot QCD perturbatively and
from the lattice, JHEP 02 (2022) 58 [2112.01407]


mailto:philipp.schicho@helsinki.fi
http://dx.doi.org/10.1007/JHEP02(2022)058
http://arxiv.org/abs/2112.01407




Heavy-ion collisions

> Hard particles carry most of the stress-energy tensor P ~ T

> Medium soft modes at scale P ~ ¢T'.

> Jet-medium interactions in the Quark-Gluon Plasma (QGP) can
receive large non-perturbative infrared contributions.?
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Non-perturbative gluon-zero-mode contributions — calculate 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 thermo-
dynamics of non-Abelian gauge theories such as (EW) phase transitions®

and QCD.
~ EQCD: hOt QCD, (3 + 1)-d|m
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Dimensionally reduced effective theory for hot QCD

QCD described by 3-dimensional super-renormalisable theory

1 On
Seqep = T /x {ﬁEQCD + Z W} :
n>>5
“Electrostatic QCD" (EQCD) at high-T" (A§ — ®¢)

Lroep = =Tt FijFy; + Tr [Dy, ®][D;, @] + m2Tr &2 + A, (Tr 2)2 .

N | =

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 2 > T'. Truncate %—series: LO correlators®
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Condensates of the asymptotic masses

In QCD rewrite detour through the medium as'®
1 > +,..+ w (o ab( .+ P
Zy = L ; dz™x <qua (") UL (275 0) ’Uprl/(O)> ,
and match also operator onto EQCD

7z = —i OOOdLL (—<EE> +(BB) + i(EB)) .

Correlator splits into electro- and magneto-static contributions:

(BE) = J((D22(L))* U3(L,0) (D:2(0))")
(BB) = L(Fe.(1) US(L,0) F2.(0))
i(EB) = %((D@(L))a (1L, 0) F2,(0)) + [BE] .

0y A (25 0) is an adjoint, light-like Wilson line.



EFT matching with full QCD

Strategy:

Cqon(7) = (Cacen () — Crgen (7)) + Crgen ()
~——

UV dominated lattice

> Donel! for C(q,).

> Partially done!? for m?2 . Missing full QCD contribution.
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Asymptotic masses at NLO:
The EQCD side

@@@@@@@@@@@@@mwwmmmmmmm@
G @y - G- - O Dy D <D @) D 0T 0B 0T 0D+ 0B+ 0D~ 0D~ DS PO~ <D0~ T+ A+ -TO-
> @O POOOIFIIIOHEELEE0000H6CC
NN ST tunesvictetetosctosotosot ot oo ot X0 Lo
OO O EEELES
5200200000000 000RRLEAADD
PDDDGPBCEEEOEOEHLLHOOTITTHIES



Contributions to 7,

scale T' scale gT' scale ¢°T
6 w2
Tmp = Tpy,
+ { 2 + w2
In T In In In Hs
+ Chard In MT +¢ + Chard hl + Cooft Ir 1 + Cor + Cooft In ggiT + Cor2
+0O(g )

Z, receives IR contributions already at O(g).13

Scheme-dependent at NLO; use intermediate regulators T' > un > ¢T
and gT > ps > ¢°T.
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Zs in EQCD perturbatively

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

For T'= 100 GeV and N; = 5, strong agreement between perturbative
and non-perturbative Z;.
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Conclusions

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

> Key quantities are C'(b,) and asymptotic mass m?2, from lattice
EQCD

What's next for m?2,?

/L
e

Finalise matching computation to full QCD

% Input to effective kinetic theory AMY> — GMT?!®
v¢ Ingredients for NNLO-transport
w Feed into event generator
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