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RG : introductive example

Tricky part : J/ =g ( J)

Find g such that
* + * l Y T (generation of non-local couplings, higher order terms,...)
— 444 1.0
A, A | o] YT
New dofs T y=—3x
0.41
1RG step ' T l
= «ynzooming » 02
m a ~ 3xa 0.01
a~A1 Ja T 1 A ~A/3 0.0 ofzJoﬁ4 06 08 1.0
_ Z Jolo! * « Fixed point »
Whatever J ends in J*
—BH H'[ :
> m[{o}e PHlio) => m {0‘ ~BH'[{+'}] | Can easily compute

config physical observables
with H*




Limitations of Wilsonian FRG

Wilsonian FRG % WVWWA

Slow modes Fast modes

A momentum cutoff
A~1 spatial resolution

/D¢6—S[€b] — /D¢p§AD¢p>A€_S:¢] — /D¢pSA6—SA[¢p§A]

Integrating out fast modes — e

In practice : hard/impossible to
(if not perturbative)

Only depends on slow
(long range) modes !

compute S,

Sp ~ log/D¢p>Ae_S[¢]




Functional Renormalisation Group

] . A momentum cutoff
«Functional RG» =Wilson RG +...  s-1 gpatial resolution

1. SOften CUtOff RA (regulator)
2. Action Sp— Effective Action ['A (~Legendre transform)
3. Differential equation for I', o] ——m==z--- | g ot
c _ : Wilson
SO _ Ly [ 98 <1,1>)1] o i
g C%% A OA 2Tr [A OA (RA " FA :;:J :j_ Slow modes : Fast modes
« Exact » RG : no approximation TloopsA 0 p>A
In particular, non-perturbative> :Z i _______

Impossible to solve exactly BUT 00 05 10 15 20
reliable expansions exist



Wetterich equation

Fk:A = 9 »mm. F'Xe?fomt Different Regulator
/) —
Z(@Qr Different paths

fé& in 19 out Fk:() =1
mOO’eS

8Fk L Simple looking ® GRk (@, ... D) py — or
ok 1 Loop structure k—7- Lo PPl = g, @,

Derivative expansion : expand I',in powers of Vg

e | [ 4 UL@) + o e (Vo) + YL (Vo)

First order : Local Potential Approximation (LPA)
Zk — 1, Yk =0 6




Applications of FRG

p [GeV]

(@) FRG Yang-Mills

GA(pz), [721], in comparison to lattice data,

potentially signals different infrared solutions
of Landau gauge Yang-Mills theory, for more

details see [721].

p [GeV]

T T T T T LU l T T T T T T 1 1] T T T T T 1017 T T T T T 11T T T T T 1717 3'0 T
F B L FRG N,—2+1
lk— e . —  FRG, scalin 1 0 25 |= =+ FRGN;=2 % L'.
L[ E xEm FRG. d g 10 73 i Lattice Nj=2+1 -
I -_ |7 » decoupling ) o At ® Lattice N;=2 .
% 6 Sternbeck et al. . £ LE--T gl 201 i=
g b 5107 [ / F g
S r 8 —~.. LY N 15
s 4 ] o E N 15F >
&L £ 4F v C
& B ] E 10 [~ =l 1F 1.0}
§ . F - 2 L § g
220 7] 3 i E 0.5
s 10-6 - 3 0.5 5
0 C 1 1 1 1 1 111 [ 1 I- E 1 1 L1 1111 I 1 1 L1 L1 ||| 1 | N 0.0 1 2 I3 |4
0.1 1 10 0.1 1 10 100 29 = - =

Gluon propagator (b) Effective running couplings, [721], as obtained

from different Yang-Mills vertices: three-gluon ver-
[722]. The shaded area for small momenta tex: a3, four-gluon vertex: @4, ghost-gluon ver-
tex: @azc. At large momenta the couplings agree
due to universality.

p[MeV]

(c) 2— and 2 + 1-flavor gluon dressing func-
tions 1/Z4(p?) = p? Ga(p?) with the gluon|
propagator G4(p?). FRG: 2-flavor [723],
2 + 1-flavor [724]. Lattice: 2-flavor [725],
2 + 1-flavor [726, 727].

+— exact
~—FRG

0,8

0,6

f (k)

0,4

0,2

Turbulence:
Correlation

Tt FRG functions for
—eet || KPZ equation

QCD:
Gluon
propagator

Taken from FRG
review :
Dupuis et al.,
Phys. Rep. 910, 2021
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FRG to build nuclear EDF

Global Strategy

Free space Effective (dressed)
N-N Lagrangian — N-N Lagrangian
FRG flow iINn medium
Present work
L= LBonn ISR ?
pheno. covariant Lagrangian FRG ﬂOW Benchmark
for convenience Properties of nuclear matter
Peter Ring et a/ 2023 Some beyond HF correlation with

J. Phys.: Conf. Ser.2453 012031 Dirac-Brueckner approach 9



Flow equation
M
Local Potential Approximation: .

= /d433 [Uk (mesons) + L, + Ly + Ling — MW T 138 0~ pseudoscalar
o 550 0F  scalar

For now : fix coupling constants
x (can be « easily » included)

Freezing heaviest mesons

Heaviest cannot fluctuate: =
mean-field level ~ PMF, MF ,

Machleidt
1987

>
!2_|
=
<

Ur (mesons) = Ug(m, o)

Taylor expansion
AT Moo Moo
Uk:%MQ +92T’~C 3+g;ka 4%+M2 2 [92.4 = 93,4 =0 92,0, 93,0

10



FRG for Bonn Lagrangian
Bare N-N Lagrangian : .

£Bonn,int — E gmemw JIA ~ pseudoscalar
mesons %.\ o 550 0%t  scalar
E(D
Lesson from empirical EDF : cz%g P 769 1~  vector
LBonn,int ™ »CNL?),int w 783 17 vector
Same analytical form for interaction o) 983 07 scalar
Main structural difference
3 4
r g g Generated by FRG flow ?
Bonn 292 3 QSZC LN1L3
11



SNM : Parameters flow

A~ M, ~ 750 MeV

. I Ma
Symmetric nuclear matter 00,

lPQ,OMF:Gl I(_SQSM:()l 400-

. . ey
Wetterich equation 200, "
Ry

dC; &
1%7 — f’i(kawMF,kau7 {CZ,k} 200
Cik = Mo i; Mr k5 92,55 93,k 100
M, decrease 0 -
M, constant 0 100 200 300 400 500 600 700

g3 hon zero K] A
g, = 0 due to symmetry 1



Nuclear matter properties

Wetterich equation
4

0
dUk dt«i . | Bonn - FRG u =300 MeV
& — d.k, — fi(k’7 WMF  » s {(jzk}) 30] — NL3 —— FRG “f 500 MeV
20- |
Solve for different p 5 10
= o
Compute E/A(n) <
-10
Drews, 1D
PRC 91035802 &(T = 0) = Up—o,MF + ,Lm‘ -20-
(2015) 30,
In principle, with FRG language. _40 . . .
For now, plug into NL3 RMF for a given p 0 0.1 [?-2 . 0.3 0.4
p [fm~

13
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Conclusion & perspectives

Preliminary results

FRG seems to be promising
to build EDF Lagrangians

Qualitative saturation of nuclear matter

Perspectives

Include flow of .
Yukawa couplings H Cutoff dependance *

Treat Asymetric Nuclear Matter

Extension to finite nuclei
15



« Beyond the minefield» ...
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Lagrangian in vacuum = UV

Phenomenological lagrangian : Bonn

‘CBonn :'(/T) [’L@ — M — Jo0 — gag 7

_ f"’ '75@77 _ f_”,YS@ﬁ .7
My
- Qwa - _UIWQ w Q)%. T — fp O-HVRU/ T]¢
AM I AM !
1 1
+ 5 (0,000 —mzo®) + 5 (8,1.5 LM — 77155?)

1 ‘ 1
+ 5 (0,motn — m%’r)z) - 3
1

1 /1 , 1 - - . B
+3 (gﬂ’wﬂuv + miw“wu> +3 (QRW Ry +m2p" PH)

Fa N

(8,,;? - Ot T mfmz)

Constants fitted to
reproduce NN shifts 18



Lagrangian in finite nuclei = IR

Structure = same as vacuum Lagrangian (# coupling constants)

+ NL o terms

1 1
—(00) — —m?o?
+2( ) 5 Mo

1
4

L=9(y(id — guw — goPT —eA) —M — g0
1
A

1- - =
— —RywR*Y + im%pz

1
3

1
U(o) = zmiaz + —g20° 4+ —g30

v
i 1.9 3 Constants fitted to
— =82 27 + zmwa) nuclear data (charge radii,
1 binding energy)
_ Z F,qu'uv
Easy to use : Hartree
approximation (= slater
1 determinants) OK for

4, finite nuclei.

4
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FRG strategy

First : work at LPA level, T #0, homogeneous system

Ansatz for the effective action

— /d4a: {qﬂ (nyaE + go0 + griysT™ - T 4+ 7P (u — Juwwo — gpﬂ(?iTB)) Y

w, p have M ~ Mnuc, taken at mean field level.
1, o: can fluctuate.

Guided by phenomenological IR ansatz :
Taylor expand Uin o,

20



Flow equation

oU, K {1 +2np(E,) | 2(1+2np(Ey) | 1+2np(BY) [Z 1= np(Bon + xui,eﬁ)] }

ok 1272 E, 5 B R B
(2.64)
ot BEo =k*+ UL, B, =k + U], et Ef =k*4+ U, + U} x?
Ip keff = Up — GuWok — 9pP0ks Hnk,eff = Hp — Jwo.k T 9pP0,k> (2.65)

El .=k +go0” + gim”

21



Mean-Field equations for p, w

0
e 07 — S [Uk (T7 Hp, b — T, O, T, WO,k 10]

W=Wwo, k 8

=4
P=P0,k

= [Uk (T7 Hp, L — N, 0, T, W, PO,k]

Use Wetterich Equation to get rid of Uy

G A
JuWo,k|— _w Z 8 {nF om — xﬂ)luzwp,k,eff + nF<EU7T - ‘/'U/’L)|/JJ:/*Ln,’c,eff:| J
3 ¥ el

G, A -
JoP0,k| — g a [nF om — TH)|p= ,Up,E,eff —np(Eer — xﬂ)|u=un,}l,eﬁ_ )
Ir=

22



