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(% ] Many-body interacting electrons

© renormalized perturbation theory
@ Static renormalizations
® Dynamical corrections § Green functions
@ Fundamental equations

Q approach - renormalization of perturbation expansion
® Baywm-Kadanoff construction
® Ambiguity in relating 1P § 2P functions

(% Jet approach — Mean~field theory with 2P self-consistency
® 2P vertex § 2P self-consistency
@ reduced pargquet equations - effective interaction
@ owne-particle functions and self-energies

@ conclusions
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Systems of interacting quantum particles

ndistinguishable particles — exchange interaction
(= ) individual quantum partichs cannot be followea
Coherent many-body state (fluid) instead

Measurable only asymptotic (scattering) states
(=] . ) . 2,
Theoretical pleture - scpambLe quasupmtwLes

Thermodyna mics Ls coupled with d yna mics due to

non-trivial gquantum mawg—bodg vacuum
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Systems of interacting quantum particles

ndistinguishable particles — exchange interaction
Q wdividual quantum particles cannot be followed
Coherent many-body state (fluid) instead

o Measurable only asywmptotic (scattering) states
Theoretical picture — separable quasiparticles

Thermodyna mics Ls coupled with d yna mics due to

non-trivial gquantum mawg—bodg vacuum

Major question: How do quasiparticles emerge
from the many-body coherent state? J
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Systems of interacting quantum particles

ndistinguishable particles — exchange interaction
Q individual quantum parthLes cannot be followea
Coherent mawg—bodg state (fluid) instead

Measurable only asymptotic (scattering) states
= - N
Theoretical picture — separable quasiparticles

o Thermody nawmics is coupled with dyna mics due to
non-trivial gquantum mawg—boda vacuum

Perturbation theory: A relation between interacting
and renormalized non-interacting systems J
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MBnt

Representing quantum many-body systems

@ Fock space of quantum states — Bose § Fermi statistics

@ grand canonical statistical ensemble (N ~ 10%3)

@ Basis: (anti)symmetrized products of eigenstates of the
one-particle Hamiltonian ﬁlo

@ Creation § annihilation operators: ajl, EN

@ Fundamental commutation relations
T — T T _
{aa, aﬁ} . = 2l + aga, = 0a,8

@ Particle interaction V - bare dynanmical scattering potential
in the Fock space built on eigenstates of Ho
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nteracting fermions — generic Hamiltonians

@ Single-orbital Hubbard (tight-binding) model for
long-range many-body fluctuations

Hiy =" e(k)c, Gy + U Tindiy,
k,o i
@ Falicov-kimball model for static
thermally equilibrated fluctuations

Hek=—t> ce+ > efifi+ U deflf,
<ij> i i
@ Single impurity Anderson wmodel for
Local quantum fluctuations

//:ISIAM =t Z C,Tgcja + Efz i‘j,ﬁ7 + Ufif}fjfi

<ij>o o
+ > (ViCLfa + VTﬁﬁCm) E

io
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MBnt

uantum fluctuations

uantum fluctuations: {AH, /I:IO] #0 J

Effect of correction AH = H) 4+ Hext
to be determined

Ho - exact Solution J
Hext — Linear Response Theory J
H) - Perturbation Theory J
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RenormPT Static GF  Equations

Thermodynamic potential § perturbation

@ Grawd potential

Q[HO,Hh Hext] — _ﬁil |Og Tr [exp _ﬁ /I:IO - ,U'//\\l"i_ HI + /I:Iext
————

perturbation
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RenormPT Static oF Equ ONnS

Thermodynamic potential § per‘curbatww

@ Grawd potential

Q[HO,ILI/7 Hext] = —571 |Og Tvr | exp —ﬁ /l:IO — lu,//\\/—l- H/ + /I:Iext

perturbation

@ External perturbation for accessible (quantum) phases

Hexe = / dld? {Z N (1 1)c,(2) ... conserves charge § spin
[ (1,2)cl(1)c, (2) + (1, 2)4(2) T(1)} ... conserves charge

+ [ (1,2)c (1)c,(2) + (1,2)@(2)4(1)} ... conserves spin
> 81,26, (1)6,(2) + €l 2 (1) (2) }

reiiln
% & %8 '

with 1 = (R, 71) and 1, & samme’crg—bnahiwg fields
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RENWOrMPT Static GF  Equations

weak-coupling mean-field approximation

@ Gibbs-Bogoljubov inequality

Q {H} <Q {Ho} n <Aﬁ/>0
@ Huartree-Fock parameters (unrestricted)

/I:IO - Z E(k)ClUCkJ + Z (EIG' il O—hi)/ﬁio'

k,o io

(AH)o = Z Unip iy — Z EiUnia]

where Nz = </ﬁi0>0

@ Parawmeters Ei, minimize the r.h.s. of GB lnmequlity

@ Homogeneous solution: E, = Un_,
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RenormPT Static GF  Equ

Strong-coupling mean-fiela approximation

@ Decomposition of the full Hamiltonian

H= ZA(ﬁ

@
@ Convexity of the thermodynamic potential (3, Ao = 1)

Z)\ Q{ }<Q{ }

@ sum of two FaLLcov—K.LmbaLL wodels
AaHo = e(k)c, 6o+ 2o Z — o) Tig + Uha Z Pt iy
k
@ Restriction: ) A E; =0

@ (nfinite S'PatiaL dimensions (mean—field solution)
- thermodgwamica(.l.g conststent Hubbard (i
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RenormPT

Static GF  Equations

Averaged quantum fluctuations - Fermi Lliquid theory
(

@ Adiabatic switching of interaction — number of low-lying
excitations identical with the Fermi gas

® ®uasiparticle excitations dny (1) with Fermi statistics

° Macrosco]:ia (tbme averaged) energy functional
- Landau scattering function flk, k'; o, 0”)

El5ms] = (e(k) + Vio) 60 (1)
k,o

1
+ 5y 2 flkKio,0")0mcs (1)dme,q (1)

kk’ o0’
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RENWOrMPT Static GF Equations

Averaged quantum fluctuations - Fermi Lliquid theory
i

@ Ergodic theorem: dng ,(t) = (0nk o)
@ Linear, Hartree decoupling

0o ()0 o (t) = (3nke) (O o)

@ Fermul statistics

<5nk7a> =

1
exp{—06(ek + Vio + Uko)} +1

0 (kr — K)

@ Effective interaction due to external perturbations Vi,
1 / /
Uko = \72 flk,K'; 0, 0") (S 1)

k’,o’

Landaw scattering function feither experiment
(phenomenolog 3) or perturbations theory (microscopic) J
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RenormPT Static GF  Equations

Many-body perturbation theory — Green functions

@ unperturbed Hamiltonian Ho = > ko (€(k) —p—oh) CTkUCkU
@ Time-dependent operators ¢ (7) = exp{Tﬂo}ckU exp{—rﬁlo}
(1) = exp{Tﬂo}cln exp{—7Ho}

.i.
Ck(r
@ Notice: ClU(T) # Cka(T)T = Cig(—T)
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RenormPT

@ unperturbed Hamiltonian ﬂo =Y ko (e(k) = —oh) CTkoCkU
@ Time-dependent operators ¢ (7) = GXP{Tﬂo}CkU eXP{*TﬁIO}

o (1) = exp{THo}cl, exp{—7Ho}
® Notice: ¢ (1) # ao () = _(—7)

@ Green functions - general matrix elements

_ = (=D
G(,,)(l,...,n,n,...,l)(hn)

LT [C (1)...c (n),c(A)...c(T)exp { /Oﬂ dfﬂ/(T)H

Z
® Trace: TroX = Tr [)?exp{—ﬁ(ﬁlo}}

@ Partition sum: Z = T'lfoT exp {— jO’B dT/f://(T)} :,E
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RenormPT Static GF  Equations

Matsubara formalism — diagonal bare propagators

@ unperturbed qreen function tn a diagonal form

1

01 i« )
Gk, on) iwn + 1+ oh— e(k)

@ Functional-integral representation of the partition sum
z [G(O), U} — /Dipmﬁ
exp Z Z eiw"0+w:‘,(,(k) iwn + 1+ oh— e(k)| Yno(k)
k no

GO (k,iwn) 1

8
—uY / dr 7(r, R)F(, R)
i 0

dyna mical scatterer

P (k) and ¢, (k) are grassmann variables
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RenormPT Static GF  Equations

Perturbation expansion - graphical representation

Perturbation theory - expa nsion in the interaction strength J

@ Particle propagator 1] —»—— 1

@ Hole propagator

@ Interaction (photon exchange)

Green functions § Renormalizations
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RenormPT Static GF  Equations

Perturbation expansion - graphical representation

Perturbation theory - expansion in the interaction strength J

@ Particle propagator 1 —— 1

@ Hole propagator

@ Interaction (photon exchange)

@ 1P Scattering

Green functions § Renormalizations
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RenormPT Static GF  Equations

Perturbation expansion - graphical representation

Perturbation theory - expansion in the interaction strength J

@ Particle propagator 1 —— 1

@ Hole propagator —

@ Interaction (photon exchange)

@ 2P Scattering

Green functions § Renormalizations
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RenormPT

1P § 2P Green functions

@ Density matrix: py = exp {—Bﬁ} /Trexp {—ﬁﬁl}

@ Owe-particle Green function (propagator)

GT) = 21 {3 T [fos(Re, ) dn(Re, 7)1}

@ Two-particle Greem function
G(2)(11,33)
1 e ~ ~ ~
= 5Tr {/) T |:w0'1(R17 Tl)wffa(Rl’w T3)¢G§(R§v Tﬁ)TwO’i(Riv Ti)q }

m
i
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RENWOrMPT Statle GF  Equations

Schwinger, Pyson § Schwinger-Dyson equations

@ schwinger equation - matching 1P § 2P GF
G(1,1) = GO(1,1) + /did2G<°>(1,§)U(§ —2)Gp)(12,227)
@ Dyson equation - self energy T (dynamical 1P scatterer)
6(1,1) = c;<0>(1i)+/d3d§<;<°>(13)2(3,3)G(3,1)
@ Two-particle vertex [
G2)(11,33) = G(1,1)G(3,3)
+ /d1’di’d3’d§’c;(1,i’)G(l’i)r(1’i’,3’3’)6(3,3’)6(3’3)

Schwinger-Dyson equation: 2P vertex ['§ self-energy X
used in the Schwinger equation J

o g

got
e
B ede
Telt
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RENWOrMPT Statle GF  Equations

lrveductbility in Greew functions

Dynamical scatterers — irveducible functions (vertices) J

@ 1P reducibility - cutting one particle Line splits the
diagram in two
1P irreducible 1P GF - self-energy T
1P Lrreducible 2P GF — 2P vertex [
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RENWOrMPT Statle GF  Equations

lrveductbility in Greew functions

Dynamical scatterers — irveducible functions (vertices) J

@ 1P reducibility - cutting one particle Line splits the
diagram in two
1P irreducible 1P GF - self-energy T
1P Lrreducible 2P GF — 2P vertex [

@ 2P reducibility - cutting two particle Lines splits the
diagram in two

@ Three types of 2P irreducibility - 2PIR vertices A
(2P dynamical scatterers)

@ Electron-hole 'ereducf.biLf.tgz Aeh
@ Electron-electron (hole-hole) 'ereoluaibi.utgz N
o Electron-hole irreducibility of vacuuw pairs: AV
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RENWOrMPT Statle GF  Equations

Dlrect and tra nSpose 2P vertex

@ pirvect I and transpose ' vertices

k K k K

Toor(k,K'3q) = S

\
'
/
q’_J
1~
—~
S
=
=)
=
I
q
q\

k+ K +
! ! k+q K +g

four-vector notation: k = (k, iw,) for fermions,
q = (9, ivm) for bosons

@ Charge § spin are conserved bn normal vertices
@ symwmetry relation: Is, (kK q) = —To0(k, k4 q; K — k)

2P scatterings - Bethe-Salpeter equations )
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RENWOrMPT Statle GF  Equations

2P irreducible vertices — Bethe-Salpeter equations |

@ Electron-hole Bethe-Salpeter equation

o o g

I"‘ — Aeh — Aeh, F
/ /

o o o'

@ Electron-electron Bethe-Salpeter equation

o o Y
F — Acc — Aca 1’* — Aeet Ft
o o' [ g
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RENWOrMPT Statle GF  Equations

2P irreducible vertices — Bethe-Salpeter equations I

@ Bethe-Salpeter equation with virtual electron-hole pairs
(mixes normal and transpose vertices)

o o o
o o AU AU t AU
T = AV + o’ = o = o’
o o’ r r It
0_/ 0_/ 0./

@ Double-prime spin indices are duwmmy (integration)
variables
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RENWOrMPT Statle GF  Equations

1P § 2P renormalizations

Renormalizations of the perturbation expansion :
self-consistent equations for trreducible functions J

@ 1P self-consistency: ¥[GO, U] = X[G, U]
/\&[G(O)v Ul = NG, U]
@ 27 self-consistency: X[G, U] — X[G,A°]
A[G, U] — NG, N]
@ 1P propagator
1
iwn + pe — €(k) — Xo(k, iwp)

Gy (k, iwp) =

(o = p+ oh)

Bini
P

‘1P self-consistency not enough to control eritical behavior! | ; H

b
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1P approach Baym-Kadanoff (ncon

Baym-Kadanoff - 1P self-consistency

@ rRenormalized grand potential — generating functional

—Q[G,X] = _51/v > e“n0" {In [iwn + po — e(k) — To(k, iwn)]
o,wn,k

+ Go(k, iwn) o (k, iwn)} + [G, U]

@ Equilibrivum from stationarity conditions
oG, Y] 0= 0Q[G, X]
0Gy(k, iwp) 0X 5 (k, iwp)
@ Luttinger-ward functional ®[G, U] from renormalized PT
@ rreducible vertices from the Luttinger-ward functional

506, U] 5,k K) |
Y, (k) = W , Noor(k K q) = 5Gy (K + g, k+ q) :E
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1P approach Baym-Kadanoff (nconsistency

Cownservation Laws — ward Lodentities

@ Particle-mass conservation — continuity equation
- integral ward identity

%o (k0)~Zo (k) = = S ALk K3 ) [GolK + ) = Ga(K)]

@ Particle-interaction conservation — mass and charge of
electron indivisible — sum rule

m(wia):z[ a T 59]
ou Opinrdpy, — Opin Opiy

kgT
= Z {4 [kt — xill + niT”LL}
i
with Local compressLbLLita Kii and susceptibilitg Xii

Véelav janig Green functions § Renormalizations




1P approach Baym-Kadanoff  (n

Schwinger-Dyson equation vs. ward identity

Two ways to connect 1P and 2P vertices J

@ Schwinger-bDysown equation

Y, (k, iw,,) =

252 Z Gy (K", iw)) G5 (K" + q, iw) + ivm)

k' .q WhHYm

X rga(k s iwp, K, iwp; Q, iVm) G (K + q, iwn + V)

M\Q

(n—om)

wgd
N”E
© £ 6 40
Vel
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1P approach Baym-Kadanoff (nconsistency

Schwinger-Dyson equation vs. ward identity

Two ways to connect 1P and 2P vertices J

@ Schwinger-bDysown equation

ok ok ok +¢"
ok ok

ok + q//

@ k"
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1P approach

Baym-Kadanoff (nconsistency

Schwinger-Dyson equation vs. ward identity

Two ways to connect 1P and 27 vertices J

@ Schwinger-bDysown equation

ok ok
ok ok - H
® ward Ldentity
ok ok
a'k+q o'k+q

Viéclav janig

ok+q"
ok

ok + ¢" Log

k"

1%

Avo"

AG

Green fi

kK +q
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ok




1P approach Baym-Kadanoff  tneonsistency

Ambiguity in the perturbation theory

@ ward identity imposes restriction on 2P vertex in the
Schwinger-Dyson equation

@ Gauge transformation: dynamical interaction U(q, ivy)
and chemical potential fiq(k, iw,)

5¢[U/ G] . Z 6G k+q lwn+IVm)
suU(q, ivm) o(k, iwn)
~——

Schwinger-Pyson
9 Y ward

® Exact solution for self-energy (Schwinger field theory)

5T 1oy
T — U<G G {1 + (SGGG*} (SGGG>
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1P approach Baym-Kadanoff  tneonsistency

Ambiguity in the perturbation theory I

@ Exact solution for eh irreducible vertex

eh en, ]t eh 6/\3%
Adh = U= U1+ G,GoNhx| Gy { Ak + G552

=il
X [1 + %G, c;&/\f,?_,} o Gs
@ Electron-hole x and electron-electron o channels coupled

No approximate solution complies with
indivisibility of charge ano mass J

Bither single self-energy with two vertices or vice versa
Baym-Kadanoff - single self-energy § two vertices J

sl
o5
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1P approach Baym-Kadanoff  tneonsistency

Example: Simple approximations |

@ Luttinger-ward for Hartree approximation
u 1 i(wntw, )0t . 0 ¢
P Hartree[ G, U] = N2 Z 32 Z € " GT(ka ’Wn)G\L(k s iwp)
k,k’ ' WnW
0 self-energy from stationarity of Q[G, Y] =spE
1 o 0T
ZHartree k. i = (= iwn0 GE' k/ 2 73 — U -
o ( ’ Iwn) /3/\/ wz/;, € ( ’ Iwn) n
@ Dyson equation from stationarity of Q[G, X ]

1
iwn + o — (k) — Unz

Gy (k, iw,) =

Véelav janig Green functions § Renormalizations



1P approach Baym-Kadanoff  tneonsistency

Example: Simple approximations I

@ trreducible vertex from Wi (second variation of Q[G, X])

ox
/\Hartree _ v
5Gyr

@ Full 2P vertex from Bethe-Salpeter equation

U

r}/‘f(qv iI/m) =
@ Electron-hole bubble

¢14(Q, ivm) = NZ Z[Q k+ 4, iwnim)

+Gy(k — q, iwn—m)] Gr(k, iwn)
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1P approach Baym-Kadanoff  tneonsistency

Example: Simple approximations (I

r Wl ?é rSDE J

@ Spectral self-energy — Bethe-Salpeter in Schwinger-bDyson
with AHartree rWI — rSDE

YoP(k,wy) = /\/Z / —{b Gs(k +q,w; +X)

X [ L
1+ Upry(a, xy)

B fix+ w)
1+ Uppy(q,x-)

SGa(k +a,x+ w+)}

with xp = x+ 0T and 6 = —¢
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1P approach Baym-Kadanoff  tneonsistency

example: Stmple approximations 1V
P pLe app

@ RPA propagator

1

Gl wr) = wy + 1 — (k) — 2P (k, w,)

@ FLEX Luttinger-ward

SriexlG, U] = Z | s (Usnla )
— In(1+ Uppi(q,wy))]
o New irreducible FLEX vertex: AFLEX — §55P/5G, # U

Unigque 2P vertex is essential for unique criticality |
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2P approach 2P vertex  Parquets 1PGF

2P approach to wmwg—bodg systems |

2PIR vertex A veplaces © /X as the generating
functional of renormalized approximations J

@ Singular vertex [ from the Bethe-Salpeter equation with
regular trreductble vertex N\

@ Critical symmetry-breaking field 1) separates 1P functions
@ odd and even 1P functions

1
A, Gk, iwn) = = [Gy(k, iwn; 1) — Gz(k, iwn; —n
K 2

1
Gy (k, iwn) = 3 [Go (K, iwnin) + Go(k, iwn; —1)]

@ 2P functions ong with even symmetry 03
2
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2P approach 2P vertex  Parquets 1PGF

2P approach to wmwg—bodg systems I

@ odd self-energy - order parameter
~ from linearized ward identity

1 _
AT (k, iw,) = N Z Ay (K, iwn, K, iwpy; 0,0) A, G(K', iw,y)

!
k’,w,

@ Bven self-energy - quantum dynamics
- from Schwinger-byson equation

. U U 1 -
Zn(ka ’wn) = E” - W ZZ @ Z G5(k +q, Wy + ’Vm)
o k'q

W, Vm

x Gy (K, iwn )Ty (K, iwn, Ky i 4, ivm) Gz (K" + @, iwy + ivm)

=y vertex [, from the critical Bethe-Salpeter equation with Ay, ] »»E
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2P approach 2P vertex  Parquets 1PGF

2P self-consistency - parquet equations

2P self-consistency to suppress spurious critical behavior |

@ Critical chanwnel — electron-hole multiple scatterings
@ Screening channel — electron-electron multiple scatterings
@ Parguet equation — tnegquivalent 2 Lrreductbilities
/
M=A"+K*=7+ ) K*

a=1

@ Two-channel parquet equations

K = —A*GG* (K* + A%)
A* =T[1— GGo (K* 4+ A%)] — K*GGo (K* + A%)

Parquet equations with Z = U suppress critical po'w\,tsJ H
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2P approach 2P vertex Parquets 1PGF

Reduced parquet equations (Z = U)

Suppress the terms of the parquet equations
destroying the critical behavior J

@ Reduced parquet equations (spin singlet) gmphicaug
Tk TR o

Lk+gq Lk +q K" +q

Tk T
) Z :
' LK

dummy variables Q ano K’

K+4Q
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2P approach ertex  Pargquets 1PGF

Mean-fielo approximation — effective interaction |

trreducible vertex A(k, K') approximated by a constant A J

@ reductble vertex
N$(q, ivm)

0 m) = = R (@, ivm)

with ¢(q, ivm) = 2BN > o k.iv, C5(K+Q, iwn + ivm) Go (k, iwn)

@ (rreductble vertex — tneconsistent with a constant

=52 S e, i

% Gy(k +q, ’Wn+fn)G¢(k/ = 9, Wp/—m) AN=U pm
L gl »
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2P approach 2P vertex Parquets 1PGF

Mean—fielo approximation — effective interaction I

only approximate solutions — various options J

@ Local mean—field of metals at Low temperatures
— fermionic variables from Fermi energy

B U
14+ A2KX

K=-000.0)= [ 293 [60x)?

A= A0,,0_)

@ Screening integral

R

J —00

on[ZEE)

o g
oo
© £ 6 40
£ ke
pR2s o
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@ General Lattice systems — Normalized averaging over
trrelevant fermionic variables

% z 612 z G:L(—k7 —iw,,)GT(—k,, _iwn’) {

k.k’ Wn,W 1
b n

. ’r o
Gr(k + 9, i m) Gy(K' — @, iwn —’")} A— U} =0
14+ Ap(q, ivm)

<b(q, iVm)

@ sSolution
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2P approach rtex  Parquets 1PGFE

Mean-fielo approximation — effective interaction (v

@ Charge and spin densities

2 C g iwn0"
n= BN Z Gy (k, iwp)e®r°

k,wn

2 . ;
m= gy 2o AG (ki)

k,wn
@ Screening integral

X=— 0
N 1+ AG(—q, —ivm) g

1 Z V(4 Vm)V(—a, —ivm)d(—q, —ivm)
q

@ critieal point: 0 = 1+ Ag(qo, 0)
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2P approach 2P vertex Parquets 1PGF

Mean—fielo approximation — effective interaction v

@ Electron-electron bubble (spin-independent)

(g, ws) = 2NZZ ZG (a+k, iwm+n) Go(—k, —iwn)

ownly integrable singularities allowed due to
self-consistent screening of the interaction J

Freedowm Ln selecting the equation for A does not
change qualitatively the critical behavior J
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2P approach 2P vertex Parquets 1PGF

1P propagators — magwetic order

@ Thermod yna mic propagators (ong static corrections)

1
wi + po — e(k) + oAF — UZ

Go—(k, w+) =

usedl to determine thermodynamic properties (2P vertex)

@ Full renormalized propagators

1
G,(k, iw,) = -
(k, &on) iwn + po — €(k) — o AX — U7 — X(k, iwy)

determines all ‘Phgsical, (measurable) quantities

Fully 1P § 2P self-consistent theory: G — G J

sl
o5
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2P approach 2P vertex Parquets 1PGF

Self-energies

@ Odd self-energy w.rt. magnetic field — order parameter

AY = —A[U; n,mlm/2

@ Dynamical (spectral) self-energy

(k,wy) ZP/ 7{1) Gk + 9, s + %)
3 ®(q, x4) B f(x+w)<f>(q,x,)%_ o
) [1+/\¢(q7><+) 1+ Ad(q, x ) Ga+k x+ +)}

@ Full self-energy: Lo(k,wy) = Un/2 +0AYL + 3 (k,wy)

Both self-energies from the same vertex A J ;E
5o
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2P approach

Ph 5swaL qua ntities — spectmL represewtatww

® Charge density

@ Two-particle bubble (even sywmmetry)

B(a,ws) = ZZ/ 10 [0k + @, 04
+G5(k — a4, x — w; )] 3G, (k, x1) ,E

Véelav janig Green functions § Renormalizations



Conelu

Conclusions | - Renormalizations

Mawg—boda per’cwbatiow theory

@ Spectrum of the full Hamiltonian unknown

@ Fundamental objects - asy mptotic states (quasiparticles)
@ (nteraction only perturbatively — source of scatterings

@ Static renormalizations — mean-field theories

@ Dynamical corvections — Greew functions
°

Renormalized perturbation theory — self-consistent
determination of trreductble functions

1PIR vertex (Self-energ 5) — mass renormalization

@ 2PIR vertices - charge renormalization

Véelav janig Green functions § Renormalizations



Conelu

Conclusions Il - Greew functions

Ambiguous way to relate 17 and 2P Green functions )

Véelav janig Green functions § Renormalizations



conclu
Conclusions Il - Greew functions

Schwinger-bDyson equation § ward identity incompatible
with single self-energy and single 2P vertex J

Véelav janig Green functions § Renormalizations



Conelu

Conclusions Il - Greew functions

Two mawg—boda approaches

@ 1P approach - single self-energy § two 2P vertices

o Inconsistent (ambiguous) critical behavior
o Ovdered phase does not mateh the disordered one
@ 2P approach - single 2PIR vertex A § two self-energies
® uUnique criticality
o symwmetry-breaking field splits the self-energy
o odd self-energy from Wi - thermodynamic order parameter
o EBven self-energy from SDE - spectra § dynamics

Véelav janig Green functions § Renormalizations



conclu
Conclusions Il - Greew functions

Mean-field theory with 2P self-consistency:
analytically controlled approximation
tnterpolating between weak and strong coupling
§ suppressing spurious poles (phase transitions)

Véelav janig Green functions § Renormalizations
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