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DFT-RG

DFT-RG

DET FRG

(Density functional theory) (Functional renormalization group)
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How to determine ¢,

Fa(x1, x2) =0y (0, x1)py (0, x2)),, - = 0(x1 = x2) {py (0, x1)),,

:Gftzl(oﬁ x1, 0, x2) + pgs.a(x1)pgs.a(x2) — 6(x1 — x2)pgs.a(x1),

Pauli blocking
, (2) : -
‘_lln]\ G,l (0,x1,0,x2) = 1hm\ (6(-\'] — X2 )pgs.,l(xl) - Pgs.,l(xl )Pgs.,l(x2 )) .
X1—X2 X1—=X2
— G"(Z)(P) -
b A not A-dependence in our case

—> f 0,62 (P) =0
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Flow equation

f U(p)G (P + f )G (P',—P',P) =0,
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2 [,U(p)G Y (PY

G(P',—P' Py~ c,Gy(P',-P',P),  c1=-—"—T> -
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Effective action formalism for DFT-RG

® Generating function of the connected correlation functions

W[J]=mnZ[J] =1n | DOe S®H i inO@iy, o @in) By Fields

iz: Indices of coordinate and internal degree of freedom

® Effective action (EA)
F[O] = sup [J -0 — W[JH ® Quantum EOM 5£F[O]
J

Determines the behavior of
the expectation value of O

=0

11, yln

® Some types of EA depending on the choice of O

not 1PI
® 1PI (1 particle irreducible)
O((I)rL) = (I)z ' Generating function of 1PI diagrams

1P]

® nPI (n particles irreducible)

07;1,... i (I)il (I)Z'z s (I)in ' Generating function of nPI diagrams

® 2PPI (2 particles point irreducible) H. Verschelde, M. Coppens, PLB (1992)

O(@i(2), ®j(x)) = @i(2)P;()
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Spinless fermion field

X = (7‘, x) /j = /Z/; dT/dx Usp(x, X)) =0(1 — 7U(x — )






Idea of DFT-RG
Add effect of interaction to free 2PPI EA gradually

J. Polonyi, K. Sailer, PRB (2002), A. Schwenk, J. Polonyi (2004)

2PPI flow €(. S. Kemler, M. Pospiech, J. Braun, JPG (2017)

[t

ree 5

A N E)p] \ 8)\FA[p] :% /Xl’x2 U2b(X1;X2) (P(Xl)P(X2)
(Free limit) . (52mp]

3pop )_ (X1, x2) — p(x2)d(x2 — X1)

N—

Interaction

Regulated action

S1 = Stree T ASint A

P el

U,,: two-body interaction



FRG (conventional (1PI) case)
Add fluctuations to bare EA gradually and get the EA

C. Wetterich, PLB (1993)

1PI
Fbare [CD] (=) iahmomentum 1PI flow eq.
k — A fluctuation 5 FlPI 1 akRk
@] = =STr
(Large UV scale) o 20 [1"®e) + Ry

Regulated action

1
Sk=5+—q)'Rk'(I)

Low-momentum
fluctuation

2
] Regulator term 0 1PI
Jieoress tuctatons i T I P]
_ k=0
(IR scale)

Pl EA, S: bare action, @: fieldsm, k: momentum scale
rifl: effective average action, Ry: regulator



