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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

At high temperature:   two relevant scales 
hard ~

soft ~

 One-loop thermal corrections hard thermal loops (HTLs) 

as relevant as the tree amplitudes  for soft momenta

and have to be resummed into effective vertices and propagators

(and they arise from hard loop momenta)

g ⌧ 1 gT

T

(
Braaten and Pisarski; Frenkel and Taylor, 90’
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In QED, diagrammatically

HTL give account of Debye screening and Landau damping

Debye mass



In QCD there are HTLs in all multi gluon amplitudes  

• all proportional to the Debye mass 
• UV finite, no HTL with ghost legs 
• Independent of the gauge 
• Depend on external momentum ⇠ 1/(v · p)
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Effective action generating HTL diagrams



HTLs and transport theory

HTLs can be described with simple transport equations 

Blaizot and Iancu, `94 
Kelly, Liu, Lucchesi, CM, `94 

hard scales  on-shell quasiparticles 

soft scales classical fields

nB(p0) =
1

eP0/T � 1
⇠ T

p0



Hot QCD plasmas

hard scale

soft scale

ultrasoft scale

magnetic scale

T

g T

g T ln(1/g)

g  T

classical on-shell particles 
transport equations

classical fields 
HTL EFT

g << 1

Langevin type of eqs.

??2

2

2



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)

qµ = pvµ + kµ vµ = (1,v)

qµ = �pṽµ + kµ ṽµ = (1,�v)

v2 = 0OS fermion pµ = pvµ

Almost OS fermion 

Almost OS antifermion

residual momentum k << p



OSEFT Lagrangian

 v = e
�ipv·x

⇣
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with particle/antiparticle projectors 



OSEFT Lagrangian
Integrate out the H fields (=solve its classical eqs. of motion)

Lp,v = �†
v(x)
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Particle/antiparticle fields are totally decoupled,  
but there’s a symmetry between the particle/antiparticle L
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Expand in powers of 1/p 
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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 

S(k) = Pv�0

✓ 1
v·k+i✏ 0
0 1

v·k�i✏

◆
+ 2⇡i�(v · k)

✓
nf (p+ k0) nf (p+ k0)
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This propagator might be also deduced from the full propagator,  
after expanding for large p qµ = pvµ + kµ

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

from the lowest order  Lagrangian 



OSEFT Propagators
SR/A = S11 � S12/21 , SS = S11 + S22

SR/A(k) =
Pv�0

k0 ± i✏� f(k)
,

SS(k) = Pv�0 (�2⇡i�(k0 � f(k)) (1� 2nf (p+ k0)))

f (0)(k) = kk , f (1)(k) = kk +
k2
?
2p

, f (2)(k) = kk +
k2
?
2p

�
kkk

2
?

2p2



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

Interaction vertices  ~  (momentum) /p

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

n m
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N

N�O

N

Retarded photon polarization tensor

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

Bubble Tadpole

Tadpoles: they give account of fermion-photon interactions  
mediated by an off-shell antifermion in QED 
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Perform the k0 integral, and re-express the resulting  
integral in terms of the original variable 
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n=1, HTLs are recovered

vµq ⌘ (1, q̂)

n=2, both tadpoles and bubble vanish after angular integration! 



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 = Z 0 = ZQED = 1� 2
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In the MS scheme, for µ =
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⇡
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New pieces: perturbative corrections to the soft propagation. 

For soft momentum   

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

Nothing new:  loop expansion =/= perturbative expansion 

⇧(1�loop) ⇠ ↵T 2 + ↵l2

⇧(2�loops) ⇠ ↵2T 2

HTL new piece!

l ⇠ eT



Effective Lagrangian
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vµ = qµ/|q|In d spatial dimensions

Carignano, CM, Soto, ‘18



Chiral Transport Equation

@fp

@t
+ (1 + e~B · ⌦)�1

⇢h
ṽ + e~ Ẽ⇥⌦ + e~ B(ṽ · ⌦)

i
· @fp

@r

+ e
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i
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�
= 0

Ẽ = E� 1
e

@✏+p
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ṽ =
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where

Son and Yamamoto, ’12; Stephanov and Yin,  ’12, CM and J Torres-Rincon, ‘14
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p
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Berry curvature

helicity



One can reproduce the chiral anomaly equation 
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Quantum modifications of density and current 



Foldy-Wouthuysen Diagonalization

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

• It is possible to diagonalize the Dirac 
equation as an expansion in

exact for the free theory

approx. for an interacting theory

~
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CM and J Torres-Rincon, ‘14

OSEFT: EFT counterpart of the FW diagonalization in QM 



Covariant formulation of  the chiral transport equation??
soon to appear …

 Peculiar properties  
under Lorentz symmetry of massless with spin  

(and then also of chiral kinetic theory)

Chen, Son Stephanov, `15 
Chen, Son Stephanov,, Yee, Yin `15 side jumps

Hidaka, Pu, Yang ‘15  …



OSEFT in an arbitrary frame
• Introduce a frame vector 

p ! u · p �0 ! u · � uµ =
vµ + ṽµ

2

Sum over velocity directions of SCET L! 

v2 = ṽ2 = 0 , v · ṽ = 2 u · v = 1 , u2 = 1
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ṽ/

2
�v(x)

+ ⇠̄ṽ(x)
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Reparametrization Invariance

Apparent breaking of Lorentz Invariance {vµMµ⌫ , ṽµM
µ⌫}

<latexit sha1_base64="VNSNsuXe8oOXn5/iyoZ7vxQ6xOM=">AAACF3icdZBLSwMxFIUzPmt9VV26CRbBhZSkiLa7ohs3QgX7gE4tmfTWhmYeJJlCGeaH6J/Rlai4cem/MVMrqOjZ5OR+J5BzvUgKbQh5d+bmFxaXlnMr+dW19Y3NwtZ2U4ex4tDgoQxV22MapAigYYSR0I4UMN+T0PJGZxlvjUFpEQZXZhJB12c3gRgIzowd9QpHboLHPdeP8cV1kh1uEKeHOHGNkH3A4/Q3w26a7xWKpEQIoZTizNCTY2JNtVop0wqmGbIqopnqvcKr2w957ENguGRadyiJTDdhygguIc27sYaI8RG7gY61AfNBd5NpuxTvD0KFzRDw9P49mzBf64nv2YzPzFD/ZtnwL9aJzaDSTUQQxQYCbiOWDWKJTYizJeG+UMCNnFjDuBL2l5gPmWLc2FVm9b864v9Ns1yipEQvj4q109kicmgX7aEDRNEJqqFzVEcNxNEdekDP6MW5de6dR+fpMzrnzN7soB9y3j4AGxCfMA==</latexit><latexit sha1_base64="VNSNsuXe8oOXn5/iyoZ7vxQ6xOM=">AAACF3icdZBLSwMxFIUzPmt9VV26CRbBhZSkiLa7ohs3QgX7gE4tmfTWhmYeJJlCGeaH6J/Rlai4cem/MVMrqOjZ5OR+J5BzvUgKbQh5d+bmFxaXlnMr+dW19Y3NwtZ2U4ex4tDgoQxV22MapAigYYSR0I4UMN+T0PJGZxlvjUFpEQZXZhJB12c3gRgIzowd9QpHboLHPdeP8cV1kh1uEKeHOHGNkH3A4/Q3w26a7xWKpEQIoZTizNCTY2JNtVop0wqmGbIqopnqvcKr2w957ENguGRadyiJTDdhygguIc27sYaI8RG7gY61AfNBd5NpuxTvD0KFzRDw9P49mzBf64nv2YzPzFD/ZtnwL9aJzaDSTUQQxQYCbiOWDWKJTYizJeG+UMCNnFjDuBL2l5gPmWLc2FVm9b864v9Ns1yipEQvj4q109kicmgX7aEDRNEJqqFzVEcNxNEdekDP6MW5de6dR+fpMzrnzN7soB9y3j4AGxCfMA==</latexit><latexit sha1_base64="VNSNsuXe8oOXn5/iyoZ7vxQ6xOM=">AAACF3icdZBLSwMxFIUzPmt9VV26CRbBhZSkiLa7ohs3QgX7gE4tmfTWhmYeJJlCGeaH6J/Rlai4cem/MVMrqOjZ5OR+J5BzvUgKbQh5d+bmFxaXlnMr+dW19Y3NwtZ2U4ex4tDgoQxV22MapAigYYSR0I4UMN+T0PJGZxlvjUFpEQZXZhJB12c3gRgIzowd9QpHboLHPdeP8cV1kh1uEKeHOHGNkH3A4/Q3w26a7xWKpEQIoZTizNCTY2JNtVop0wqmGbIqopnqvcKr2w957ENguGRadyiJTDdhygguIc27sYaI8RG7gY61AfNBd5NpuxTvD0KFzRDw9P49mzBf64nv2YzPzFD/ZtnwL9aJzaDSTUQQxQYCbiOWDWKJTYizJeG+UMCNnFjDuBL2l5gPmWLc2FVm9b864v9Ns1yipEQvj4q109kicmgX7aEDRNEJqqFzVEcNxNEdekDP6MW5de6dR+fpMzrnzN7soB9y3j4AGxCfMA==</latexit><latexit sha1_base64="VNSNsuXe8oOXn5/iyoZ7vxQ6xOM=">AAACF3icdZBLSwMxFIUzPmt9VV26CRbBhZSkiLa7ohs3QgX7gE4tmfTWhmYeJJlCGeaH6J/Rlai4cem/MVMrqOjZ5OR+J5BzvUgKbQh5d+bmFxaXlnMr+dW19Y3NwtZ2U4ex4tDgoQxV22MapAigYYSR0I4UMN+T0PJGZxlvjUFpEQZXZhJB12c3gRgIzowd9QpHboLHPdeP8cV1kh1uEKeHOHGNkH3A4/Q3w26a7xWKpEQIoZTizNCTY2JNtVop0wqmGbIqopnqvcKr2w957ENguGRadyiJTDdhygguIc27sYaI8RG7gY61AfNBd5NpuxTvD0KFzRDw9P49mzBf64nv2YzPzFD/ZtnwL9aJzaDSTUQQxQYCbiOWDWKJTYizJeG+UMCNnFjDuBL2l5gPmWLc2FVm9b864v9Ns1yipEQvj4q109kicmgX7aEDRNEJqqFzVEcNxNEdekDP6MW5de6dR+fpMzrnzN7soB9y3j4AGxCfMA==</latexit>

 v,ṽ(x) =  0
v0,ṽ0(x)

<latexit sha1_base64="ecXvdDLKYg5dFdRaYvkgq0zPP1k="></latexit><latexit sha1_base64="ecXvdDLKYg5dFdRaYvkgq0zPP1k="></latexit><latexit sha1_base64="ecXvdDLKYg5dFdRaYvkgq0zPP1k="></latexit><latexit sha1_base64="ecXvdDLKYg5dFdRaYvkgq0zPP1k="></latexit>

vµ ! vµ + �µ
?

<latexit sha1_base64="/fWXir+b3vo2Ogrmgkbivgalmqc=">AAACEHicdVBLTwIxGOziC/GFevTSSExMjKQlRuBG9OIRE3kkLJJu+YCG7iNtF0MIf0L/jJ6MejP+Af+NXcREjc5pOjNtOuNFUmhDyLuTWlhcWl5Jr2bW1jc2t7LbO3UdxopDjYcyVE2PaZAigJoRRkIzUsB8T0LDG54nfmMESoswuDLjCNo+6weiJzgzVupkj0fXrh9jV4n+wDClwhv8qRxhV9pnuqzjRqCimZbpZHMkTwihlOKE0OIpsaRcLhVoCdPEssihOaqd7JvbDXnsQ2C4ZFq3KIlMe8KUEVzCNOPGGiLGh6wPLUsD5oNuT2a1pvigFypsBoBn5+/ZCfO1HvuezfjMDPRvLxH/8lqx6ZXaExFEsYGA24j1erHEJsTJOrgrFHAjx5YwroT9JeYDphg3dsOk/ldH/D+pF/KU5OnlSa5yNh8ijfbQPjpEFBVRBV2gKqohju7QA3pGL86tc+88Ok+f0ZQzv7OLfsB5/QA/lJyh</latexit><latexit sha1_base64="/fWXir+b3vo2Ogrmgkbivgalmqc=">AAACEHicdVBLTwIxGOziC/GFevTSSExMjKQlRuBG9OIRE3kkLJJu+YCG7iNtF0MIf0L/jJ6MejP+Af+NXcREjc5pOjNtOuNFUmhDyLuTWlhcWl5Jr2bW1jc2t7LbO3UdxopDjYcyVE2PaZAigJoRRkIzUsB8T0LDG54nfmMESoswuDLjCNo+6weiJzgzVupkj0fXrh9jV4n+wDClwhv8qRxhV9pnuqzjRqCimZbpZHMkTwihlOKE0OIpsaRcLhVoCdPEssihOaqd7JvbDXnsQ2C4ZFq3KIlMe8KUEVzCNOPGGiLGh6wPLUsD5oNuT2a1pvigFypsBoBn5+/ZCfO1HvuezfjMDPRvLxH/8lqx6ZXaExFEsYGA24j1erHEJsTJOrgrFHAjx5YwroT9JeYDphg3dsOk/ldH/D+pF/KU5OnlSa5yNh8ijfbQPjpEFBVRBV2gKqohju7QA3pGL86tc+88Ok+f0ZQzv7OLfsB5/QA/lJyh</latexit><latexit sha1_base64="/fWXir+b3vo2Ogrmgkbivgalmqc=">AAACEHicdVBLTwIxGOziC/GFevTSSExMjKQlRuBG9OIRE3kkLJJu+YCG7iNtF0MIf0L/jJ6MejP+Af+NXcREjc5pOjNtOuNFUmhDyLuTWlhcWl5Jr2bW1jc2t7LbO3UdxopDjYcyVE2PaZAigJoRRkIzUsB8T0LDG54nfmMESoswuDLjCNo+6weiJzgzVupkj0fXrh9jV4n+wDClwhv8qRxhV9pnuqzjRqCimZbpZHMkTwihlOKE0OIpsaRcLhVoCdPEssihOaqd7JvbDXnsQ2C4ZFq3KIlMe8KUEVzCNOPGGiLGh6wPLUsD5oNuT2a1pvigFypsBoBn5+/ZCfO1HvuezfjMDPRvLxH/8lqx6ZXaExFEsYGA24j1erHEJsTJOrgrFHAjx5YwroT9JeYDphg3dsOk/ldH/D+pF/KU5OnlSa5yNh8ijfbQPjpEFBVRBV2gKqohju7QA3pGL86tc+88Ok+f0ZQzv7OLfsB5/QA/lJyh</latexit><latexit sha1_base64="/fWXir+b3vo2Ogrmgkbivgalmqc=">AAACEHicdVBLTwIxGOziC/GFevTSSExMjKQlRuBG9OIRE3kkLJJu+YCG7iNtF0MIf0L/jJ6MejP+Af+NXcREjc5pOjNtOuNFUmhDyLuTWlhcWl5Jr2bW1jc2t7LbO3UdxopDjYcyVE2PaZAigJoRRkIzUsB8T0LDG54nfmMESoswuDLjCNo+6weiJzgzVupkj0fXrh9jV4n+wDClwhv8qRxhV9pnuqzjRqCimZbpZHMkTwihlOKE0OIpsaRcLhVoCdPEssihOaqd7JvbDXnsQ2C4ZFq3KIlMe8KUEVzCNOPGGiLGh6wPLUsD5oNuT2a1pvigFypsBoBn5+/ZCfO1HvuezfjMDPRvLxH/8lqx6ZXaExFEsYGA24j1erHEJsTJOrgrFHAjx5YwroT9JeYDphg3dsOk/ldH/D+pF/KU5OnlSa5yNh8ijfbQPjpEFBVRBV2gKqohju7QA3pGL86tc+88Ok+f0ZQzv7OLfsB5/QA/lJyh</latexit>

ṽµ ! ṽµ
<latexit sha1_base64="D/2EHOdbwtsCqD8+lpZ9tE9okwc=">AAACEHicdZDNSgMxFIUz9b/+VV26CRbBjSUponUnunGpYFXo1JJJb9vQzA/JHaUMfQl9GV2JuhNfwLcxoxW06F2d3O8E7jlBopVFxt69wsTk1PTM7FxxfmFxabm0snpu49RIqMtYx+YyEBa0iqCOCjVcJgZEGGi4CPpHOb+4BmNVHJ3hIIFmKLqR6igp0K1ape3MR6XbQK+HV36YUuob1e2hMCa+oeOs2CqVWYUxxjmnueB7u8yJ/f1aldcoz5GbMhnNSav05rdjmYYQodTC2gZnCTYzYVBJDcOin1pIhOyLLjScjEQItpl9xhrSzU5sKPaAfr5/ejMRWjsIA+cJBfbsOMuXf7FGip1aM1NRkiJE0lkc66SaYkzzdmhbGZCoB04IaZS7ksqeMEKi6zCP/52R/i/OqxXOKvx0p3xwOCpilqyTDbJFONkjB+SYnJA6keSOPJBn8uLdevfeo/f0ZS14oz9r5Nd4rx9m3Zy3</latexit><latexit sha1_base64="D/2EHOdbwtsCqD8+lpZ9tE9okwc=">AAACEHicdZDNSgMxFIUz9b/+VV26CRbBjSUponUnunGpYFXo1JJJb9vQzA/JHaUMfQl9GV2JuhNfwLcxoxW06F2d3O8E7jlBopVFxt69wsTk1PTM7FxxfmFxabm0snpu49RIqMtYx+YyEBa0iqCOCjVcJgZEGGi4CPpHOb+4BmNVHJ3hIIFmKLqR6igp0K1ape3MR6XbQK+HV36YUuob1e2hMCa+oeOs2CqVWYUxxjmnueB7u8yJ/f1aldcoz5GbMhnNSav05rdjmYYQodTC2gZnCTYzYVBJDcOin1pIhOyLLjScjEQItpl9xhrSzU5sKPaAfr5/ejMRWjsIA+cJBfbsOMuXf7FGip1aM1NRkiJE0lkc66SaYkzzdmhbGZCoB04IaZS7ksqeMEKi6zCP/52R/i/OqxXOKvx0p3xwOCpilqyTDbJFONkjB+SYnJA6keSOPJBn8uLdevfeo/f0ZS14oz9r5Nd4rx9m3Zy3</latexit><latexit sha1_base64="D/2EHOdbwtsCqD8+lpZ9tE9okwc=">AAACEHicdZDNSgMxFIUz9b/+VV26CRbBjSUponUnunGpYFXo1JJJb9vQzA/JHaUMfQl9GV2JuhNfwLcxoxW06F2d3O8E7jlBopVFxt69wsTk1PTM7FxxfmFxabm0snpu49RIqMtYx+YyEBa0iqCOCjVcJgZEGGi4CPpHOb+4BmNVHJ3hIIFmKLqR6igp0K1ape3MR6XbQK+HV36YUuob1e2hMCa+oeOs2CqVWYUxxjmnueB7u8yJ/f1aldcoz5GbMhnNSav05rdjmYYQodTC2gZnCTYzYVBJDcOin1pIhOyLLjScjEQItpl9xhrSzU5sKPaAfr5/ejMRWjsIA+cJBfbsOMuXf7FGip1aM1NRkiJE0lkc66SaYkzzdmhbGZCoB04IaZS7ksqeMEKi6zCP/52R/i/OqxXOKvx0p3xwOCpilqyTDbJFONkjB+SYnJA6keSOPJBn8uLdevfeo/f0ZS14oz9r5Nd4rx9m3Zy3</latexit><latexit sha1_base64="D/2EHOdbwtsCqD8+lpZ9tE9okwc=">AAACEHicdZDNSgMxFIUz9b/+VV26CRbBjSUponUnunGpYFXo1JJJb9vQzA/JHaUMfQl9GV2JuhNfwLcxoxW06F2d3O8E7jlBopVFxt69wsTk1PTM7FxxfmFxabm0snpu49RIqMtYx+YyEBa0iqCOCjVcJgZEGGi4CPpHOb+4BmNVHJ3hIIFmKLqR6igp0K1ape3MR6XbQK+HV36YUuob1e2hMCa+oeOs2CqVWYUxxjmnueB7u8yJ/f1aldcoz5GbMhnNSav05rdjmYYQodTC2gZnCTYzYVBJDcOin1pIhOyLLjScjEQItpl9xhrSzU5sKPaAfr5/ejMRWjsIA+cJBfbsOMuXf7FGip1aM1NRkiJE0lkc66SaYkzzdmhbGZCoB04IaZS7ksqeMEKi6zCP/52R/i/OqxXOKvx0p3xwOCpilqyTDbJFONkjB+SYnJA6keSOPJBn8uLdevfeo/f0ZS14oz9r5Nd4rx9m3Zy3</latexit>

vµ ! vµ
<latexit sha1_base64="NcplW1tgfeUJn72a5k/crt9Hlh4=">AAAB/XicdVBLSwMxGMzWV62vVW96CRbBU0mK2PZW9OKxgn1Au5Zsmu2GZh8k2UpZiv4ZPYl680/4B/w3ZtsKKjqnycwEvhk3FlxphD6s3NLyyupafr2wsbm1vWPv7rVUlEjKmjQSkey4RDHBQ9bUXAvWiSUjgStY2x1dZH57zKTiUXitJzFzAjIMuccp0Ubq2wfjm16QwJ7kQ18TKaNbOFdgoW8XUQkhhDGGGcGVM2RIrVYt4yrEmWVQBAs0+vZ7bxDRJGChpoIo1cUo1k5KpOZUsGmhlygWEzoiQ9Y1NCQBU0466zCFx14kofYZnL2/Z1MSKDUJXJMJiPbVby8T//K6ifaqTsrDONEspCZiPC8RUEcwmwIOuGRUi4khhEpuroTUJ5JQbQbL6n91hP+TVrmEUQlfnRbr54sh8uAQHIETgEEF1MElaIAmoOAePIIX8GrdWQ/Wk/U8j+asxZ998APW2yfxOJTN</latexit><latexit sha1_base64="NcplW1tgfeUJn72a5k/crt9Hlh4=">AAAB/XicdVBLSwMxGMzWV62vVW96CRbBU0mK2PZW9OKxgn1Au5Zsmu2GZh8k2UpZiv4ZPYl680/4B/w3ZtsKKjqnycwEvhk3FlxphD6s3NLyyupafr2wsbm1vWPv7rVUlEjKmjQSkey4RDHBQ9bUXAvWiSUjgStY2x1dZH57zKTiUXitJzFzAjIMuccp0Ubq2wfjm16QwJ7kQ18TKaNbOFdgoW8XUQkhhDGGGcGVM2RIrVYt4yrEmWVQBAs0+vZ7bxDRJGChpoIo1cUo1k5KpOZUsGmhlygWEzoiQ9Y1NCQBU0466zCFx14kofYZnL2/Z1MSKDUJXJMJiPbVby8T//K6ifaqTsrDONEspCZiPC8RUEcwmwIOuGRUi4khhEpuroTUJ5JQbQbL6n91hP+TVrmEUQlfnRbr54sh8uAQHIETgEEF1MElaIAmoOAePIIX8GrdWQ/Wk/U8j+asxZ998APW2yfxOJTN</latexit><latexit sha1_base64="NcplW1tgfeUJn72a5k/crt9Hlh4=">AAAB/XicdVBLSwMxGMzWV62vVW96CRbBU0mK2PZW9OKxgn1Au5Zsmu2GZh8k2UpZiv4ZPYl680/4B/w3ZtsKKjqnycwEvhk3FlxphD6s3NLyyupafr2wsbm1vWPv7rVUlEjKmjQSkey4RDHBQ9bUXAvWiSUjgStY2x1dZH57zKTiUXitJzFzAjIMuccp0Ubq2wfjm16QwJ7kQ18TKaNbOFdgoW8XUQkhhDGGGcGVM2RIrVYt4yrEmWVQBAs0+vZ7bxDRJGChpoIo1cUo1k5KpOZUsGmhlygWEzoiQ9Y1NCQBU0466zCFx14kofYZnL2/Z1MSKDUJXJMJiPbVby8T//K6ifaqTsrDONEspCZiPC8RUEcwmwIOuGRUi4khhEpuroTUJ5JQbQbL6n91hP+TVrmEUQlfnRbr54sh8uAQHIETgEEF1MElaIAmoOAePIIX8GrdWQ/Wk/U8j+asxZ998APW2yfxOJTN</latexit><latexit sha1_base64="NcplW1tgfeUJn72a5k/crt9Hlh4=">AAAB/XicdVBLSwMxGMzWV62vVW96CRbBU0mK2PZW9OKxgn1Au5Zsmu2GZh8k2UpZiv4ZPYl680/4B/w3ZtsKKjqnycwEvhk3FlxphD6s3NLyyupafr2wsbm1vWPv7rVUlEjKmjQSkey4RDHBQ9bUXAvWiSUjgStY2x1dZH57zKTiUXitJzFzAjIMuccp0Ubq2wfjm16QwJ7kQ18TKaNbOFdgoW8XUQkhhDGGGcGVM2RIrVYt4yrEmWVQBAs0+vZ7bxDRJGChpoIo1cUo1k5KpOZUsGmhlygWEzoiQ9Y1NCQBU0466zCFx14kofYZnL2/Z1MSKDUJXJMJiPbVby8T//K6ifaqTsrDONEspCZiPC8RUEcwmwIOuGRUi4khhEpuroTUJ5JQbQbL6n91hP+TVrmEUQlfnRbr54sh8uAQHIETgEEF1MElaIAmoOAePIIX8GrdWQ/Wk/U8j+asxZ998APW2yfxOJTN</latexit>

ṽµ ! ṽµ + ✏µ?
<latexit sha1_base64="BHNPbhDZWKy1T7tbf51RVYS3hDY="></latexit><latexit sha1_base64="BHNPbhDZWKy1T7tbf51RVYS3hDY="></latexit><latexit sha1_base64="BHNPbhDZWKy1T7tbf51RVYS3hDY="></latexit><latexit sha1_base64="BHNPbhDZWKy1T7tbf51RVYS3hDY="></latexit>

vµ ! (1 + ↵)vµ
<latexit sha1_base64="+AqWIyyw0pt0hzWCP+IqHhaDsPU="></latexit><latexit sha1_base64="+AqWIyyw0pt0hzWCP+IqHhaDsPU="></latexit><latexit sha1_base64="+AqWIyyw0pt0hzWCP+IqHhaDsPU="></latexit><latexit sha1_base64="+AqWIyyw0pt0hzWCP+IqHhaDsPU="></latexit>

ṽµ ! (1� ↵)ṽµ
<latexit sha1_base64="2FRz0QK55fN5tJ88yqfdr8pAxr8="></latexit><latexit sha1_base64="2FRz0QK55fN5tJ88yqfdr8pAxr8="></latexit><latexit sha1_base64="2FRz0QK55fN5tJ88yqfdr8pAxr8="></latexit><latexit sha1_base64="2FRz0QK55fN5tJ88yqfdr8pAxr8="></latexit>

type I type II type III

same as in SCET            Manohar et al, 2002

On-shell and residual parts of the momenta change



 OSEFT used to derive CKT

Derive a transport equation in the EFT

Wigner transform (gauge cov. modified) 
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(x+ y) , s = x� y

Ḡv(X, k) =
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GE,v(x, y) = h�̄v(y)
ṽ/

2
�v(x)i

SE,v(x, y) = �h�̄v(y)�v(x)i
<latexit sha1_base64="lNQMTODgEwIi3rzke5LzOlKPrvY="></latexit><latexit sha1_base64="lNQMTODgEwIi3rzke5LzOlKPrvY="></latexit><latexit sha1_base64="lNQMTODgEwIi3rzke5LzOlKPrvY="></latexit><latexit sha1_base64="lNQMTODgEwIi3rzke5LzOlKPrvY="></latexit>

S =
X

�=±
P�J

⇢
��⇢ , P� =

1 + ��5
2

<latexit sha1_base64="7jldJjEGFl+cFrlPga0psUw58JI="></latexit><latexit sha1_base64="7jldJjEGFl+cFrlPga0psUw58JI="></latexit><latexit sha1_base64="7jldJjEGFl+cFrlPga0psUw58JI="></latexit><latexit sha1_base64="7jldJjEGFl+cFrlPga0psUw58JI="></latexit>

J⇢
� = v⇢G�

<latexit sha1_base64="ZvXzkxaiMA6fHrDi/k5VdBGBWe0=">AAAB/nicdVBLSwMxGMz6rPVV9dhLsAieSlLEtgeh6EHxVME+oLsu2TTbDc0+SLKFUgr6Z/Qk6s0f4R/w35itFVR0TjPfTCAzXiK40gi9WwuLS8srq7m1/PrG5tZ2YWe3reJUUtaisYhl1yOKCR6xluZasG4iGQk9wTre8CzzOyMmFY+jaz1OmBOSQcR9Tok2J7dQvLyxZRC7Ng04PIGjmYLnM+0WSqiMEMIYw4zg6jEypF6vVXAN4swyKIE5mm7hze7HNA1ZpKkgSvUwSrQzIVJzKtg0b6eKJYQOyYD1DI1IyJQzmZWYwgM/llAHDM709+yEhEqNQ89kQqID9dvLjn95vVT7NWfCoyTVLKImYjw/FVDHMNsC9rlkVIuxIYRKbn4JaUAkodosljf1vzrC/0m7UsaojK+OSo3T+RA5UAT74BBgUAUNcAGaoAUouAMP4Bm8WLfWvfVoPX1GF6z5mz3wA9brB2PilQw=</latexit><latexit sha1_base64="ZvXzkxaiMA6fHrDi/k5VdBGBWe0=">AAAB/nicdVBLSwMxGMz6rPVV9dhLsAieSlLEtgeh6EHxVME+oLsu2TTbDc0+SLKFUgr6Z/Qk6s0f4R/w35itFVR0TjPfTCAzXiK40gi9WwuLS8srq7m1/PrG5tZ2YWe3reJUUtaisYhl1yOKCR6xluZasG4iGQk9wTre8CzzOyMmFY+jaz1OmBOSQcR9Tok2J7dQvLyxZRC7Ng04PIGjmYLnM+0WSqiMEMIYw4zg6jEypF6vVXAN4swyKIE5mm7hze7HNA1ZpKkgSvUwSrQzIVJzKtg0b6eKJYQOyYD1DI1IyJQzmZWYwgM/llAHDM709+yEhEqNQ89kQqID9dvLjn95vVT7NWfCoyTVLKImYjw/FVDHMNsC9rlkVIuxIYRKbn4JaUAkodosljf1vzrC/0m7UsaojK+OSo3T+RA5UAT74BBgUAUNcAGaoAUouAMP4Bm8WLfWvfVoPX1GF6z5mz3wA9brB2PilQw=</latexit><latexit sha1_base64="ZvXzkxaiMA6fHrDi/k5VdBGBWe0=">AAAB/nicdVBLSwMxGMz6rPVV9dhLsAieSlLEtgeh6EHxVME+oLsu2TTbDc0+SLKFUgr6Z/Qk6s0f4R/w35itFVR0TjPfTCAzXiK40gi9WwuLS8srq7m1/PrG5tZ2YWe3reJUUtaisYhl1yOKCR6xluZasG4iGQk9wTre8CzzOyMmFY+jaz1OmBOSQcR9Tok2J7dQvLyxZRC7Ng04PIGjmYLnM+0WSqiMEMIYw4zg6jEypF6vVXAN4swyKIE5mm7hze7HNA1ZpKkgSvUwSrQzIVJzKtg0b6eKJYQOyYD1DI1IyJQzmZWYwgM/llAHDM709+yEhEqNQ89kQqID9dvLjn95vVT7NWfCoyTVLKImYjw/FVDHMNsC9rlkVIuxIYRKbn4JaUAkodosljf1vzrC/0m7UsaojK+OSo3T+RA5UAT74BBgUAUNcAGaoAUouAMP4Bm8WLfWvfVoPX1GF6z5mz3wA9brB2PilQw=</latexit><latexit sha1_base64="ZvXzkxaiMA6fHrDi/k5VdBGBWe0=">AAAB/nicdVBLSwMxGMz6rPVV9dhLsAieSlLEtgeh6EHxVME+oLsu2TTbDc0+SLKFUgr6Z/Qk6s0f4R/w35itFVR0TjPfTCAzXiK40gi9WwuLS8srq7m1/PrG5tZ2YWe3reJUUtaisYhl1yOKCR6xluZasG4iGQk9wTre8CzzOyMmFY+jaz1OmBOSQcR9Tok2J7dQvLyxZRC7Ng04PIGjmYLnM+0WSqiMEMIYw4zg6jEypF6vVXAN4swyKIE5mm7hze7HNA1ZpKkgSvUwSrQzIVJzKtg0b6eKJYQOyYD1DI1IyJQzmZWYwgM/llAHDM709+yEhEqNQ89kQqID9dvLjn95vVT7NWfCoyTVLKImYjw/FVDHMNsC9rlkVIuxIYRKbn4JaUAkodosljf1vzrC/0m7UsaojK+OSo3T+RA5UAT74BBgUAUNcAGaoAUouAMP4Bm8WLfWvfVoPX1GF6z5mz3wA9brB2PilQw=</latexit>



• Deduce both on-shell conditions and dynamical eqs at 
every order in the 1/E expansion 

• Perform the Wigner transformation and a gradient 
expansion 

• Project over chiralities 

• Return to the original variables

@X ⌧ @s

dispersion law  at n=1

k0 = kk +
k? � �B · v

2p
q0 = ✏q = p+ k0

✏q = q � �
B · q
2q2

G�
E,v(X, k) = a�+(K

�)f�
E,v(X, k)
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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


