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© Extension to strong couplings using DMF?RG
@ Merits of fRG with correlated starting point
e Application to the Hubbard model



Single-boson exchange fRG

SBE fRG formalism
Application to the Hubbard model

Single-boson exchange fRG

Section based on:

KF, S. Heinzelmann, P.M. Bonetti, A. Al-Eryani, D. Vilardi, A. Toschi,
and S. Andergassen, SBE fRG application to the 2D Hubbard model
at weak coupling, Eur. Phys. J. B 95, 202 (2022)

1/22 Kilian Fraboulet September 13, 2023



SBE formalism

Single-boson exchange fRG SBE fRC formalism

Application to the Hubbard model

Consider a fermionic theory with a quartic interaction:
S{E, "ZJ} = Z aalc(zl]”kmwaz + Z Uala2\03a4aalaa2wa3wa4

ag,a2 Q1,q2,03,04
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SBE formalism

Single-boson exchange fRG SBE fRC formalism

Application to the Hubbard model

Consider a fermionic theory with a quartic interaction:
S{E, "ZJ} = Z JQIG(IL”M?/)QZ + Z Uala2\03a4aalaa2wa3wa4

ag,a2 Q1,q2,03,04

2P-reducibility vs U-reducibility:
@ 2P-reducible diagram = diagram that can be disconnected after
cutting two propagator lines (< G):
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SBE formalism

Single-boson exchange fRG SBE fRC formalism

Application to the Hubbard model

Consider a fermionic theory with a quartic interaction:
S{E, "ZJ} = Z JQIG(IL”M?/)QZ + Z Uala2\03a4aalaa2wa3wa4

ag,a2 Q1,q2,03,04

2P-reducibility vs U-reducibility:
@ 2P-reducible diagram = diagram that can be disconnected after
cutting two propagator lines (< G):

@ U-reducible diagram = diagram that can be disconnected after
cutting one bare interaction vertex (< U):

ph :
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SBE formalism

Single-boson exchange fRG SBE fRC formalism

Application to the Hubbard model

2P-reducibility vs U-reducibility:
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SBE formalism

Single-boson exchange fRG SBE fRC formalism

Application to the Hubbard model

2P-reducibility vs U-reducibility:

@ Consider the general form of a U-reducible diagram:

@

U-reducibility = 2P-reducibility
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SBE formalism

Single-boson exchange fRG SBE fRC formalism

Application to the Hubbard model

2P-reducibility vs U-reducibility:

@ Consider the general form of a U-reducible diagram:

@

U-reducibility = 2P-reducibility

@ Consider the following 2P-reducible diagrams:

- ; S
O

2P-reducibility # U-reducibility
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SBE formalism

Single-boson exchange fRG SBE fRC formalism

Application to the Hubbard model

2P-pp

U-pp

Figure adapted from Krien, Valli, Capone, PRB 100, 155149 (2019)

= The class of 2P-reducible diagrams fully contains that of U-reducible diagrams
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SBE formalism

Single-boson exchange fRG SBE fRC formalism

Application to the Hubbard model

Single-boson exchange (SBE) decomposition (Krien, Valli, Capone. PRB 100, 155149 (2019)):

3[4, )
= _——_""° 19.v] = (VS 4+ M*—U)+ 17"
YooYy | _
$=1%=0  x={pp,ph,ph}

with V* = +o M = Yo = 3+ ¥
— [
only U-reducible graphs only U-irreducible and 2P-reducible graphs only 2PT graphs
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SBE formalism

Single-boson exchange fRG SBE fRC formalism

Application to the Hubbard model

Single-boson exchange (SBE) decomposition (Krien, Valli, Capone. PRB 100, 155149 (2019)):

3[4, )
= _——_""° 19.v] = (VS 4+ M*—U)+ 17"
YooYy | _
$=1%=0  x={pp,ph,ph}

with V* = +on MX = 4o = 3+ ¥
< -
only U-reducible graphs only U-irreducible and 2P-reducible graphs only 2PT graphs
W w : bosonic propagator
Heart of the SBE decomposition: V¥ = b Q A Yukawa coupling

M : rest function

1 boson exchanged
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SBE formalism
SBE fRG formalism
Application to the Hubbard model

Single-boson exchange fRG

Single-boson exchange (SBE) decomposition (Krien, Valli, Capone. PRB 100, 155149 (2019)):

3T [, .
I = 1270 1, wl = Y (VM -U)+T™
YooYy | _
' 9=1=0  x={pp,ph,ph}
with V* = + ... M* = + ... 7 = >-< + + .
< <~
only U-reducible graphs only U-irreducible and 2P-reducible graphs only 2PT graphs
W w : bosonic propagator
Heart of the SBE decomposition: V¥ = b Q A : Yukawa coupling

M : rest function

1 boson exchanged

= Focus on translationally invariant and SU(2)-spin-symmetric systems (see Cievers, Walter,

Ge, von Delft, Kugler, EPJB 95, 108 (2022) for a more general formulation of the SBE decompositiou):

Vi@ = R@uA Q@] 0= (k0,00) @=(Q0)

5/22 Kilian Fraboulet September 13, 2023




SBE formalism
SBE fRG formalism
Application to the Hubbard model

Single-boson exchange fRG

Single-boson exchange (SBE) decomposition (Krien, Valli, Capone. PRB 100, 155149 (2019)):

3T [, .
I = 1270 1, wl = Y (VM -U)+T™
YooYy | _
' 9=1=0  x={pp,ph,ph}
with V* = + ... M* = + ... 7 = >-< + + .
< <~
only U-reducible graphs only U-irreducible and 2P-reducible graphs only 2PT graphs
W w : bosonic propagator
Heart of the SBE decomposition: V¥ = b Q A : Yukawa coupling

M : rest function

1 boson exchanged

= Focus on translationally invariant and SU(2)-spin-symmetric systems (see Cievers, Walter,

Ge, von Delft, Kugler, EPJB 95, 108 (2022) for a more general formulation of the SBE decompositiou):

Vi@ = R@uA Q@] 0= (k0,00) @=(Q0)

= SBE decomposition introduces bosonic dofs and treats all channels equitably

5/22 Kilian Fraboulet September 13, 2023




SBE formalism

Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

Functional renormalization group (fRG) in a nutshell (Wetterich, PLB 301, 90 (1993)):

OAYA = ...
aAFX1> = ...

Introduce cutoff function: Gy — G{} = O\l'pA = = 8AF(6) _
A=
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SBE formalism

Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

Functional renormalization group (fRG) in a nutshell (Wetterich, PLB 301, 90 (1993)):

OpAXA = ...
aAFX1> = ...

Introduce cutoff function: Gy — G{} = O\l'pA = = 8AF(6) _
A=

Illustration of the fRG flow:

fRG solution (A = Agy)
® Exact solution

Solve set of differential equations:
Starting point (A = Aup;) ONEA = ...
G =0 = Ty, =S

ini

8,\1“5\4) =..
8,\1“5\6) =..
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SBE formalism
SBE fRG formalism

Application to the Hubbard model

Single-boson exchange fRG

fRG for fermionic systems typically relies on a hierarchy of equations for the

1PI vertices derived from a vertex expansion of the Wetterich equation:

OAZA =
<
8/\1—‘5\6) =
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SBE formalism
SBE fRG formalism

Application to the Hubbard model

Single-boson exchange fRG

fRG for fermionic systems typically relies on a hierarchy of equations for the
1PI vertices derived from a vertex expansion of the Wetterich equation:

ane)H™

= Truncate in practice at level 2 (1-loop truncation)
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SBE formalism
SBE fRG formalism

Application to the Hubbard model

Single-boson exchange fRG

fRG for fermionic systems typically relies on a hierarchy of equations for the
1PI vertices derived from a vertex expansion of the Wetterich equation:

ane)H™

= Truncate in practice at level 2 (1-loop truncation)
/\ fRG approach restricted to weak couplings for fermionic systems
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SBE forme n

Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

Inserting the SBE decomposition of I'® into the flow equation 8AFX1) =9, TW = .
yields (Bonetti, Toschi, Hille, Andergassen, Vilardi, PRR 4, 013034 (2022)):

ox(Q) = [¥(Q) [ M@ [BQ] %@

WM (Q) = [ Q) [BIQ)] 25 (@

with ZX ~ T® — XXX )\X | I1IX ~ GG, 5AG = OAG|x=const and X physical channels (X =M, D, SC)
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SBE formalism

Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

Inserting the SBE decomposition of I'® into the flow equation 8AFX1) =9, TW = .
yields (Bonetti, Toschi, Hille, Andergassen, Vilardi, PRR 4, 013034 (2022)):

ox(Q) = [¥(Q) [ M@ [BQ] %@

WM (Q) = [ Q) [BIQ)] 25 (@

with ZX ~ T® — XXX )\X | I1IX ~ GG, 5AG = OAG|x=const and X physical channels (X =M, D, SC)

/\ still solve the flow equation for the self-energy dp¥ 5 = ... as in the conventional fermionic fRG:
030 = [ 200k kup) ~ 100, )] D2G)
’ s(p)
P
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SBE formalism

Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

. - . . 4
Inserting the SBE decomposition of I'® into the flow equation 8AF5\) =9, TW = .
yields (Bonetti, Toschi, Hille, Andergassen, Vilardi, PRR 4, 013034 (2022)):

ox(Q) = [¥(Q) [ M@ [BQ] %@
Q) = [ T [T @)] 4@
WM (Q) = [ Q) [BIQ)] 25 (@

with ZX ~ T® — XXX )\X | I1IX ~ GG, 5AG = OAG|x=const and X physical channels (X =M, D, SC)

/\ still solve the flow equation for the self-energy dp¥ 5 = ... as in the conventional fermionic fRG:
030 = [ 200k kup) ~ 100, )] D2G)
’ s(p)
P

/N Still use the frequency-dependent cutoft:

Gh(k,v) = Go(k,v) with G§==* =0
0 0

L2
v2 + A2
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Lo - ) SBE formalism
Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

Mlustration of the 1-loop SBE fRG flow:

fRG solution (A = Agy)
® [Exact solution

Solve set of differential equations:

OAXp = 3/\25\1)
X(1)
A

Starting point (A = Ay)
Shw =0, wy =U,
/\E\Em =1, ]M/)\(im =0 8/\11)3&( = Orw

NS = oA

(8AMR( - aAMff“)>

Kilian Fraboulet September 13, 2023
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SBE fc ism

SBE fRG formalism
Application to the Hubbard model

Single-boson exchange fRG

Figure taken from Qin, Schifer, Andergassen, Corboz, Gull, ARCMP 13, 275 (2022)
Chosen playground = 2D Hubbard model:
_ ol T T T
H= E ijCloCio U Y Clhcpcl Gy — 1) CloCiy
i#j,0 i i,o
@ t;; = —t = —1 for ¢, j nearest-neighbor sites (0 otherwise)

@ U = on-site Coulomb interaction
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SBE formalism
SBE fRG formalism
Application to the Hubbard model

Single-boson exchange fRG

—A— wo. M

—v— with M

0.00

0.155

0.150
M = . . . 30.115

= 0.140

0.135

M has negligible effects on physical observables
in most studied parameter regimes

T

Parameters: U = 2, half filling
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SBE formalism

Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

—A— T=02wo M —v— T =0.2with M
. . . —4— T=03wo0. M —w— T =10.3 with M
A\ Violation of Mermin-Wagner theorem o T—0dwo M e T =0 with M

observed with and without M et

—— T=0 vith M
1

200

= Pseudo-critical transition observed at half filling N

0.20 {

0.22
0.20 VA\\/

0.15
0.18 )
0.16
0.14

0.22
020 \ )
<018 \ - !
%016

T

\"(Q.0)

0.14

r X M

Parameters: U = 2, half filling
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SBE formalism

Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

—A— T=02wo M —v— T =0.2with M

. . . —4— T=03wo0. M —w— T =10.3 with M

A\ Violation of Mermin-Wagner theorem o T—0dwo M e T =0 with M
observed with and without M = T=otwe

—— T=0 vith M
200 1

= Pseudo-critical transition observed at half filling N

M(Q,0)

< Feature inherent to our truncation of the fRG

0.20 {

0.22
hierarchy but not to the SBE scheme o, VA\\ /
&(l,lx )
:/ 0.16
0.14
0.22
020 \ .
&u,ls \ : !
7’( 0.16
-

0.14

Parameters: U = 2, half filling
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SBE formalism

Single-boson exchange fRG

SBE fRG formalism

Application to the Hubbard model

A\ Violation of Mermin-Wagner theorem
observed with and without M

= Pseudo-critical transition observed at half filling

< Feature inherent to our truncation of the fRG

hierarchy but not to the SBE scheme

What happens to the SBE quantities (w, A\, M)
near the pseudo-critical transition?

—A— T=02wo M —v— T =0.2with M

—4— T=03wo0. M —w— T =10.3 with M

—A— T=04wo. M —v— T =0.4 with M
== T=01wo M

—— T =01 with M
20 T =0 with M

200

M(Q,0)

0.15

0.22
0.20 f\\
0.20 \,.«"l /

d- 0.18

<016

0.14

<018
%016

0.14

ey \7

Parameters: U = 2, half filling
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SBE formalism

Single-boson exchange fRG

SBE fRG formalism

Application to the Hubbard model

A\ Violation of Mermin-Wagner theorem
observed with and without M

= Pseudo-critical transition observed at half filling

< Feature inherent to our truncation of the fRG

hierarchy but not to the SBE scheme

What happens to the SBE quantities (w, A\, M)
near the pseudo-critical transition?

= wM diverges (wX(Q) = U + U*x*(Q))

—A— T=02wo M —v— T =0.2with M

—4— T=03wo0. M —w— T =10.3 with M

—A— T=04wo. M —v— T =0.4 with M
== T=01wo M

—— T =01 with M
20 T =0 with M

200

M(Q,0)

0.15

0.22
0.20 f\\
0.20 \,.«"l /

d- 0.18

<016

0.14

<018
%016

0.14

ey \7

Parameters: U = 2, half filling
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SBE formalism
SBE fRG formalism
Application to the Hubbard model

Single-boson exchange fRG

~—&— T=01wo M —*— T =0.1 with M
—A— T=02wo M —v— T =0.2with M
—4— T=03wo. M —v— T =0.3 with M
—A— T=04wo. M —v— T =04 with M

M

= A\ remains finite

Parameters: U = 2, half filling

13/22] Kilian Fraboulet Septe

er 13, 2023



SBE formalism
SBE fRG formalism
Application to the Hubbard model

Single-boson exchange fRG

MM, T =0.15 o MM, T=0.1
_ P 10
REAQ) = 65(Q) ~ KVX(Q) 5 oe 5
- 2% @ - k%@ 02 20
KOX@) = T 0 00 (@) 0 00 0 0
KPXQ) = tim 0 0, (@) —KI¥(Q) 02 0
S Pk ) _5 —-0.4 -5
—0.6 40
-0.8
5 0 5 5 0 5
RM, T =0.1
0.8
5 06 5 10
0.4 20
0.2
= 0 0.0 0 0
—-0.2 2
-5 04 _5 “
0.6 40
-0.8
-5 0 5 -5 0 5
n
Results for MM, ((m,7),0) and R, ((7, 7),0)

Parameters: U = 2, half filling

= MM remains finite
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SBE formalism
SBE fRG formalism
Application to the Hubbard model

Single-boson exchange fRG

MM, T =0.15 o MM, T=0.1
. = ) 10
REAQ) = 65(Q) - KI%(@) 5 oe 5
- KPNQ) - K@) 02 »
KOX@) = T 0 00 (@) 0 00 0 0
KPXQ) = lim 6F 4o, (Q) — KVX(Q) 02 20
XQ) = 1 ¥, : _ 2
e ) _5 04 _g
—0.6 40
-0.8
5 0 5
RM, T =0.1
0.8
5 06 5 10
0.4 20
0.2
= 0 0.0 0 0
-02 20
-5 04 _5 “
0.6 40
-0.8
-5 0 5 -5 0 5

Results for MM, ((m,7),0) and R, ((7, 7),0)
Parameters: U = 2, half filling

= MM remains finite

< Divergence in RM canceled out by w™:

M3 (Q) = Riw (Q) = I (Q) — L™ (Q)ING(Q) — 1]
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SBE formalism
SBE fRG formalism

Single-boson exchange fRG

Application to the Hubbard model

 conv.fer
41 0.14- see j\
‘o
> r

X M

conv. fer. wo. R

Neglecting M in SBE fRG clearly better
approximation than R in conv. fer. fRG

conv. fer. with R
SBE w.o. M
SBE with M

r

at 1 loop

XM((m,m), Q)

10

Parameters: U = 2, T' = 0.15, half filling
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Lo - ) SBE formalism
Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

 conv.fer
41 0.14- see
<1
‘o
> r

r

—4— conv. fer. with R
—4— SBEw.o. M
SBE with M

5’ -V convxev vr\:llo
Neglecting M in SBE fRG clearly better ~ =_? ferwo R
approximation than R in conv. fer. fRG

at 1 loop T X

— Why does the SBE approximation
induce so little loss?

5 10

Parameters: U = 2, T' = 0.15, half filling

Kilian Fraboulet September 13, 2023
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SBE formalism

Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

i (>
P 00> 00>
100> T 100> 000

M) = [, 7@ [ @] A5@ A(Q) = [, 75, [ @] (@
(+0nM5,(@) = [, T8(@) [ Q)] 7%, (@)

Recall: ZX ~ T'™ — MXuX)X and II¥ ~ GG
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SBE formalism

Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

i (>
P 00> 00>
100> T 100> 000

M) = [, 7@ [ @] A5@ A(Q) = [, 75, [ @] (@
(+0nM5,(@) = [, T8(@) [ Q)] 7%, (@)

Recall: ZX ~ T'™ — MXuX)X and II¥ ~ GG
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SBE formalism

Single-boson exchange fRG SBE fRG formalism

Application to the Hubbard model

i i (>
P 00> 00>
100> 700 100> 000

M@ = [,Z5(Q [0 @] 1 | 2aAX(Q) = [, 7@ [T @] M@ @ = [, 75,(Q [T (@)] A(@)
(+0nM5,(@) = [, 8@ [ Q)] 7%, (@)

Recall: ZX ~ T — MXuX)X and IIX ~ GG
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SBE formalism

Single-boson exchange fRG SBE fRG formalism
Application to the Hubbard model

4 0.2 conv. fer T
4~ sBEa
<1 5 sBEb
< | oo st Shtssnen | |
g/ 924 —v— conv. fer. wo. R
=~

—— SBEa

Important loss of accuracy in SBEDb as
compared to SBEa but SBEDb restores —a SBEb
—r— SBE with M

cutoff independence...

5 10

Do

Parameters: U = 2, T' = 0.15, half filling

Kilian Fraboulet September 13, 2023
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SBE formalism
SBE fRG formalism
Application to the Hubbard model

Single-boson exchange fRG

[~ conv. fer. T
49 027 SBEa é\

<1 5 sBEb
N

0.0

r X ™ r
—v— conv. fer. wo. R
—— SBEa
—*— SBEb
——~—_ SBE with M/

Important loss of accuracy in SBEDb as
compared to SBEa but SBEDb restores
cutoff independence...

/\SBEb is a self-consistent solution of parquet
equations without M but SBEa inherent to
fRG framework

XM((m,m), Q)

= Advantage of fRG formulation of SBE scheme

5 10

Do

Parameters: U = 2, T' = 0.15, half filling
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of fRG with cor ted starting p

Extension to strong couplings using DMF2RG ion to the Hubbard model

Extension to strong couplings using DMF?RG

Section based on:

P.M. Bonetti, A. Toschi, C. Hille, S. Andergassen, and D. Vilardi, SBE
representation of the fRG for strongly interacting many-electron sys-
tems, Phys. Rev. Research 4, 013034 (2022)
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Merits of fRG with correlated starting point

Extension to strong couplings using DMF2RG Application to the Hubbard model

Hlustration of the fRG flow with/without correlated starting point:

fRG solution (A = Agy)

® Exact solution
fRG solution (A = Agy)

Starting point (A = Ayy)
Hartree-Fock, DMFT, ...

Starting point (A = Ajy)
Bare theory

Taranto, Andergassen, Bauer, Held, Katanin, Metzner, Rohringer, Toschi, PRL 112, 196402 (2014)
Dupuis, PRB 89, 035113 (2014)

Wentzell, Taranto, Katanin, Toschi, Andergassen, PRB 91, 045120 (2015)

Katanin, PRB 99, 115112 (2019)

Vilardi, PRB 99, 104501 (2019)
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Extension to strong couplings using DMF2RG

Merits of fRG with correlated starting point
Application to the Hubbard model

General principle of DMF?RG:

LB .
S / drdr’ 3 ¢ (1)Gaha(k, T = 7)Mo () + S
0 o

Gowi (k, iw) = Gamu (iw)

¥

8
A=Agin 1 - -
S=- / drdr’ Z(:La(7')(_;mlt (k, 7 — 7)o (7') + Sine
JO ko
G (K, iw) = Grase (K, iw)

@ Use the DMFT solution as starting point
of the flow (DMF?RG = DMFT+fRG)

@ Incorporate nonlocal correlations on top of
the local ones throughout the flow

20/22]
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Extension to strong couplings using DMF2RG

Merits of fRG with correlated starting point
Application to the Hubbard model

General principle of DMF?RG:

LB .
S / drdr’ 3 ¢ (1)Gaha(k, T = 7)Mo () + S
0 o

Q()\(k iw) = Gam (iw)

¥

8
A=Agin 1 - -
S=- / drdr’ Z(llt(ah—)glatlt (k, 7 — 7)o (7') + Sine
JO ko

Gt (k, iw) = Grage (k. iw)

@ Use the DMFT solution as starting point
of the flow (DMF?RG = DMFT+fRG)

@ Incorporate nonlocal correlations on top of

the local ones throughout the flow

20/22]

Kilian Fraboulet

DMF2RG formulated also in the SBE scheme:

0.3 with M 7
* Ty =04042
wo. M
= (.398 o
oz Ty = 0.3986 e
S
g :
= 01
< &
/./
0.045-452
040 042 04 046 048 050
T

Parameters: U = 8, half filling

x%94(Q,0)

Parameters: U =8, T' = 0.044, A # Agy, finite doping

September 13, 2023




Conclusion
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Main conclusions of our SBE fRG study:

@ Rest function M negligible in most studied cases at 1 loop, at weak
and strong couplings (with DMF2RQ)

@ Advantages of the SBE fRG over the conventional fermionic fRG

especially in the vicinity of the pseudo-critical transition at 1 loop
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Main conclusions of our SBE fRG study:
@ Rest function M negligible in most studied cases at 1 loop, at weak

and strong couplings (with DMF2RQ)
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especially in the vicinity of the pseudo-critical transition at 1 loop
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Outlooks for the SBE fRG: o | 2 sBE i
@ Design a quantitative fRG approach at strong couplings
< Calculate multiloop corrections for DMF2RG in the SBE scheme

Kugler, von Delft, PRL 120, 057403 (2018), PRB 97, 035162 (2018)

Gievers, Walter, Ge, von Delft, Kugler, EPJB 95, 108 (2022) r X M r
Parameters: U = 2, T = 0.15, half filling

@ Comparison with other fRG schemes based on Hubbard-Stratonovich transf.

< Connection with Denz, Mitter, Pawlowski, Wetterich, Yamada, PRB 101, 155115 (2020)
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@ Comparison with other fRG schemes based on Hubbard-Stratonovich transf.

< Connection with Denz, Mitter, Pawlowski, Wetterich, Yamada, PRB 101, 155115 (2020)

See A. Al-Eryani’s talk for applications to non-local interactions
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Conventional decomposition of the 2-particle vertex I'® within the fermionic fRG
(\\'omonA Li, Tagliavini, Taranto, Rohringer, Held, Toschi, Andergassen, PRB 102, 085106 (2()2())):
X 2)X 2)X
O (Q) = (V =27, (Q) = KOX(Q) + KX Q) + K7™ (Q) + R (Q)
with the high-frequency asymptotics:

K(I)X(Q) — lim ¢€%{,y),(k',V’)(Q)

v, —00

KPXQ) = lim ¢¥ 10,1 (Q) - KVX(Q)

v'— 00

and R the rest function

AR = counterpart of the multiboson exchange
contributions M for the conv. fer. fRG

0
v

Figure adapted from C. Hille, PhD thesis (2020)



Possibility to express SBE quantities in terms of those inherent to the conventional
fermionic fRG:

Conier J 9 (Q) = M@ uN(@ N(@Q) + MY, (@)~ U
x(Q) = KVX(Q) + £P%(Q) + €% (Q) + RE,(Q)

= w and A vs K functions:
wX(Q) =U + KYX(Q)

SR
“wX(Q)

=> SBE rest function M vs conv. fer. rest function R:

ME(Q) =R (Q) — N(Q — X (@D (Q — 1]

M(Q) =1+
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