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Outline

Breakdown of perturbation theory: HTLs and kinetic
theory

The OSEFT and rationale behind
OSEFT Lagrangian and propagators

OSEFT at work: one-loop photon polarization tensor
(power corrections to the HTL)

OSEFT at work: chiral kinetic theory



Breakdown of perturbation theory

Braaten and Pisarski; Frenkel and Taylor, 90’

hard ~ 1T
At high temperature: two relevant scales

g <1 soft ~ g1’

One-loop thermal corrections hard thermal loops (HTLs)

as relevant as the tree amplitudes for soft momenta

(and they arise from hard loop momenta)

and have to be resummed into effective vertices and propagators



In QED, diagrammatically
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~ 1 for soft momenta

HTL give account of Debye screening and Landau damping
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In QCD there are HTLs in all multi gluon amplitudes
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- all proportional to the Debye mass
UV finite, no HTL with ghost legs
* Independent of the gauge

- Depend on external momentum ~ 1/(v - p)

Effective action generating HTL diagrams

2 a,, B
. mp (Y y
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HTLs and transport theory

Blaizot and lancu, 94
Kelly, Liu, Lucchesi, CM, 94

HTLs can be described with simple transport equations

hard scales on-shell quasiparticles

*
* classical fields

soft scales

1 T

n5(Po) = ePo/T — 1 Po




Hot QCD plasmas

g << |
T hard scale classical on-shell particles
transport equations
gl soft scale classical fields
HTL EFT
gT In(1/g) ultrasoft scale Langevin type of egs.

y:

27

g T

magnetic scale



Can we describe with better accuracy the physics
described by every perturbative scale in the hot plasma!’

ON-SHELL EFFECTIVE FIELD THEORY

an attempt to improve the treatment of the hard scales, and thus
also of the soft scales

we are inspired by many successful examples of EFT for QED and
QCD: HDET, NRQED/QCD, pNRQED/QCD, SCET, etc,



OSEFT

Physical phenomena dominated by on-shell degrees of freedom

QED, m=0 (but it can be generalized)

OS fermion pt = po* v? =0

Almost OS fermion

q" = pvt 4+ E* vt = (1, v)

residual momentum k << p

Almost OS antifermion

gt = —po* + k¥ ot = (1, —v)



OSEFT Lagrangian

L= Lpv, Lpyv=1y Dy, D, =i, +eA,
P,V

thy = eV (PUXU(@ + P@Hél)(f)) + e (befa(f) + P,H> (x))

with particle/antiparticle projectors

1 1
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OSEFT Lagrangian

Integrate out the H fields (=solve its classical egs. of motion)

. . 1 .
Ly =xl(@) (10D +iDL iDL ) @
1
1‘ c~ D . . 3
+l(@) (19D +iD1— L ip ) o)
piv — g _ % C T D" = P D,

Particle/antiparticle fields are totally decoupled,
but there’s a symmetry between the particle/antiparticle L

vt & ot D<= —p




Expand in powers of |/p

L) =xl(iv-D)xo

1 e L
£l = —goxd (D1~ 501 Fiw ) xo

Apply local field redefinitions to eliminate temporal derivatives at
higher orders
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n=4 and higher could be obtained as well



OSEFT Propagators
Real Time Formalism

The momentum p acts as a chemical potential for the fermion
quantum fluctuations

from the lowest order Lagrangian

S(k) = Pro {( Z ) +2mid(v - k) ( nyptko) | ng(p+ko) )}

v-k—1€

This propagator might be also deduced from the full propagator,
after expanding for large p  ¢" = pv" + E*

~ this brings an additional p dependence, not contained
in the L, of the propagators



OSEFT Propagators

Sr/a = 511 — S12/21 Ss = 511 + S22

SR/A(k) _ P”U/YO

k() + 1€ — f(k) 7

S> (k) = Pyryo (—2mid (ko — f(k)) (1 — 2n¢(p + ko)))




The machinery is (almost) ready for Feynman
loop computations!

O Interaction vertices ~ (momentum)'/p"

® Propagators with p dependence (dispersion rules and
“chemical potential™)



Retarded photon polarization tensor

k

K-l

Bubble Tadpole

Two topologies: the two are needed to respect gauge
invariance at every order (VWard Ildentity)

Tadpoles: they give account of fermion-photon interactions
mediated by an off-shell antifermion in QED



@) = 2% / s (Te[V# Ss(k — 1) V¥ Sr(k)] + Te[V* Sa(k — 1) V¥ Ss(k)])

_ v Z/ d*k (Tr[V“SA(k —DVVYSa(k)] + Tx[VHSg(k — l)V”SR(k)]) :

Tadpole

(1 Z / (Te[W™ (Ss(K) + S(k) + Sa(k))])



Perform the kO integral, and re-express the resulting
integral in terms of the original variable

g = po* + KV
Z/ ddk _/ ddq
(27)
k% 1
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n=1|, HTLs are recovered
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We have carried out the same computation in QED to

the same accuracy to match our OSEFT results and check the
consistency of the approach

The computation in QED requires to expand for large internal
loop the integrand of the Feynman diagram:

we recognize the structures seen in the OSEFT computation



counterterms to eliminate UV, and also to reproduce finite local
pieces of QED

Z(a, €)C(a, p) Z'(a, €)C' (e, )
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New pieces: perturbative corrections to the soft propagation.

For soft momentum | ~ [’

H(l—loop) ~ /T2 4 L
£ox

HTL new piece!

competes with 2-loops coming from hard scales for soft momenta

H(2—loops) N 042T2

Nothing new: loop expansion =/= perturbative expansion



Effective Lagrangian

Carignano, CM, Soto, ‘18
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Chiral Transport Equation

Son and Yamamoto, ' | 2; Stephanov and Yin, '12, CM and ] Torres-Rincon, ‘14

afp —1 ~ - ~ afp
¥ + (1+ehB-Q) {[V—I—ehExﬂ—l—ehB(v-ﬂ)}-E
+ G{E—F{TXB—FGHQ (EB)} %} =0
Op
() = —  Berry curvature
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Quantum modifications of density and current

[ dp
n_/(%h)g(HehB-ﬂ)fP

d°p 0fp of of
= — 7P Q.22 P _
; / I [ep p + eh P epB + hep 2 I ehfpE X Q]

One can reproduce the chiral anomaly equation

3
{MIV-j:—th/ P Q-% E-B
(2h)? op

E- B 9,5t =0



Foldy-VVouthuysen Diagonalization

® The Dirac eq.for a free fermion mixes
particles and antiparticles d.o.f.

® |t is possible to diagonalize the Dirac
equation as an expansion in h

CM and ] Torres-Rincon, ‘14

exact for the free theory

approxX. for an interacting theory

OSEFT: EFT counterpart of the FW diagonalization in QM



Covariant formulation of the chiral transport equation??

soon to appear ...

Hidaka, Pu,Yang ‘|5 ...

Peculiar properties
under Lorentz symmetry of massless with spin
(and then also of chiral kinetic theory)

Chen, Son Stephanoy, 15

side jJumps Chen, Son Stephanov,, Yee,Yin 15



OSEFT in an arbitrary frame

Introduce a frame vector

p—u-p Yo —> U -y utt =

£=xo) (10D 4D g i) Bala)

+E(@) (10D +iP, — D, ) bl

1 1
Pv=§¢3/621?575 P@Z%ﬁ%:iﬁﬁ

Sum over velocity directions of SCET L!



Reparametrization Invariance

same as in SCET Manohar et al, 2002
Apparent breaking of Lorentz Invariance {%]\ﬂw7 @MMMV}
o,5(T) = @D;/ﬁ,(x)
type | type Il type Il
ot — o + N ot sk o s (1 + a)vt
ot = 7 ot = ot 4 e ot = (1 — a)o®

On-shell and residual parts of the momenta change

0mLpy = 0anLpy = oamLpy =0



OSEFT used to derive CKT

Derive a transport equation in the EFT

Sew(T,y) = —(Xo(¥)Xo(T))

1+
S=> PJly,, Py= QX%;
==
Jy = v Gy
e — i
Eo(T,Y) = (Xo(y) 2><fu(a?)>

Wigner transform (gauge cov. modified)

1
X=g@ty), s=z-y

Go(X, k) = /d‘lseik'SU (X,X + g) Go(X + %,X ~ %)U (X _ gx)



Deduce both on-shell conditions and dynamical eqs at
every order in the |/E expansion

Perform the Wigner transformation and a gradient
expansion Ox < 0,

Project over chiralities

Return to the original variables
G% (X, k) = b (KX) 5 (X, k)

dispersion law at n=|

ki, —AB-v _ _
ko = k| = 2 QO—Eq—p+ko




Outlook

OSEFT: tool to treat systematically the hard degrees of

freedom in hot plasmas - with all the advantages of the
EFTs

OSEFT also helpful for transport theory



