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

ON-SHELL EFFECTIVE FIELD THEORY

  
 improve the treatment of the hard scales  

(and thus also of the soft scales) 
get corrections to transport equations

• we are inspired by many successful examples of EFT for QED and 
QCD: HDET, NRQED/QCD, LEET, 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
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OSEFT Lagrangian
Integrate out the H fields (=solve its classical eqs. of motion)
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OSEFT Propagators  
 Real Time Formalism

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

S(k) = Pv�0
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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 



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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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 



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! 

Non-vanishing though in presence of chiral imbalance!



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
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In the MS scheme, for µ =
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⇡
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which corrects the HTL result
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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
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Effective Lagrangian
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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

L = �̄v(x)
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Reparametrization Invariance

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

X =
1

2
(x+ y) , s = x� y

Ḡv(X, k) =
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d4seik·sU
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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>
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X

�=±
P�J

⇢
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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

G�
E,v(X, k) = a�+(K

�)f�
E,v(X, k)

<latexit sha1_base64="XgOqScTWU/LzlmBxFqRPqirSbOI="></latexit><latexit sha1_base64="XgOqScTWU/LzlmBxFqRPqirSbOI="></latexit><latexit sha1_base64="XgOqScTWU/LzlmBxFqRPqirSbOI="></latexit><latexit sha1_base64="XgOqScTWU/LzlmBxFqRPqirSbOI="></latexit>



Sµ⌫
� = �

✏↵�µ⌫u�q↵
2(q · u)

<latexit sha1_base64="Q6Pt/RqBrdxCDwK+5ExFUx1uqYo="></latexit><latexit sha1_base64="Q6Pt/RqBrdxCDwK+5ExFUx1uqYo="></latexit><latexit sha1_base64="Q6Pt/RqBrdxCDwK+5ExFUx1uqYo="></latexit><latexit sha1_base64="Q6Pt/RqBrdxCDwK+5ExFUx1uqYo="></latexit>

�µ ⌘ @µ
X � eFµ⌫(X)@q,⌫

<latexit sha1_base64="erj3BnmdYNJTvZ61GXMuAb+hXEQ="></latexit><latexit sha1_base64="erj3BnmdYNJTvZ61GXMuAb+hXEQ="></latexit><latexit sha1_base64="erj3BnmdYNJTvZ61GXMuAb+hXEQ="></latexit><latexit sha1_base64="erj3BnmdYNJTvZ61GXMuAb+hXEQ="></latexit>

Collisionless chiral transport equation

Eq = u · q
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Only corrections up to order n=2
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Side jumps derived from RI
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2E + iṽ ·DiD/?

◆
�v(x)

<latexit sha1_base64="tgunylu9Ylg7Tmm4r3k9AHI9Kvg="></latexit><latexit sha1_base64="tgunylu9Ylg7Tmm4r3k9AHI9Kvg="></latexit><latexit sha1_base64="tgunylu9Ylg7Tmm4r3k9AHI9Kvg="></latexit><latexit sha1_base64="tgunylu9Ylg7Tmm4r3k9AHI9Kvg="></latexit>

(f�(X, q))0 ! f�(X, q)�
1

Eq
Sµ⌫
� ✏?⌫ �µf

�(X, q) +O(✏2?,
1

E2
q

)
<latexit sha1_base64="d152oD3dphX1DA+IqAHLO1DT2G4="></latexit><latexit sha1_base64="d152oD3dphX1DA+IqAHLO1DT2G4="></latexit><latexit sha1_base64="d152oD3dphX1DA+IqAHLO1DT2G4="></latexit><latexit sha1_base64="d152oD3dphX1DA+IqAHLO1DT2G4="></latexit>

from type II transformations



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


