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SNBEEIK D & AEFICE D W BE NBEMIER
EFLARROFELERBI L
HFIC RN BAECESE (DFT) DXART

(nn

% BONBAZUEERR (DFT) & (3?

FEMICE. Yal—T+v v H—ARKXZRFIELERIBITRIT S
HY(x,, -, Xy) = E¥(X, -, X)) HEEARTIE. BFEANAE LV ERL OIFEE:

}EJ'U 0) )’ j T % ...DFT! Hohenberg, Kohn, PR (1964)

Kohn, Sham, PRA (1965)

IXILF—BERBEKREDRLEE Elp] =F[p]+JdXV(X)p(X) zaprt L _omppE p®

op(X)

HEERDHDSIRE Nis

EDFDZE 5 AR IFEEICHE < Kohn-Sham method Z#rEReBmyil—FrvH—AER

7ED$H B v
)} o + Vislpl(x) | @i(x) = €;¢(x)

* F[p] SZRFENIE, KEVWRFHTHIRILE—, BED
EDDEWVWIRXTEHETES!
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DFT D EFERIFEE

IXRILX—ZENEE (EDF) E[p] = Flp] + jde(x)p(x)

Flp| wesnnz?

Perdew, Schmidt, AIP

A7 DEF Chemical accuracy Conf. Proc. (2001)

(parameter fitting 73 &) ZERMI R
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exact exchange and exact partial correlation
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meta-generalized gradient approximation
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generalized gradient approximation

local spin density approximation

Hartree world
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Wilson, Kogut (1974)

JICED K EREDFEE (Wetterichiii) Polchinski (1984)

Wetterich, PLB (1993)

(Wetterich) Flow equation
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SDSD

-1
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Jo)LIAY w . BB Sy’ vl DIFBHHREEZD EPOEE NN L1

A 1
Sy, y] = J w'(X,) <df —o—+ V(X)) w(X) + EJ w (X )y (XD Unpp(X — X )y (X (X)
¥ S +ex XX Uy (X — X') = 8(z — 7)U(X — X')
e: FFENER %= iR 6 % 1o 8 D [E D EEFR/)\(normal ordering)

TY, Yoshida, Kunihiro, PRC(2019) . Ny A A | N o
H= [Xm// (X)<—% + V(X)) W(x) + EJdXJdX ' (' (xXHUX — X (X (x)

mEE X0 =y XwX)  [THT BEMIERE
WIJ]=1InZ[J] = JDWDWTe—S[WT,w]+IX JX)p,(X)

Legendre trans.

e T'[p] = sup, J JX)p(X) — WIJ]
X

 T[p] BIRTOEEIEEROBEREE >TND

PP 2ARDT7 TIILZAVIRZRU RN S
2-particle point irreducible (2PPI) GD BMLUTHA T SnEL

TS > 3N BE X
AT TS LDERGNEE Q ...... Q Not 2PPY

—— fermion
.................. Uy (X — X)
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Fukuda, Kotani, Suzuki, Yokojima, PTP92 (1994); Valiev, Fernando, arXiv:9702247 (1997)

[(p] = sup, <J JX)p(X) - W[J]>
X

e I'[p] IFEDFEULTOMHEZ{EZTLS (Hohenberg-KohnDEE
o ZRAEIN (EFEOM)

ol 1p] —u=0 - p(X) = [1”]
op(X)

[pe] = uj ) = Wiy = fFrer, wlp E, = lim T[p,.]/p
X f— 0

JDWDW pw(X)e =Sy yl+ufy p, (X)) — pgs(X)

o V(X) ICX U THRZICIKRTE
Shift of V & Shift of J mm)py [lp]= J V(x)p(X) + (V-independent terms)
X

Calculation of EDF Elp] & Calculation of I'[p] !!
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Polonyi, Sailer, PRB (2002), Schwenk, Polonyi (2004)

S’ wl = J

A 1
w'(X,) (iaf ™ + V(X)> w(X) + —J y' XOw (XDR,(X — XUy (X — X)Xy (X)
¥ m 2 XX

Regulator
XX R (XX = 1

Fully-interacting system
R,_((X—X)=0  Free system

0
A
Fﬂ | ( 52T (5] -1
AVNE EJ 0,R,(X — X)Uny(X — X)| p(X)p(X') + ( = 7 ) (X, X)) = p(X)S(x — x)

XX pop
\ = e y— e e S )

1T St Ex.+Corr.
(] ..g.

i=1 FTHE L LEDFHESN B!

\

* RIX.X)=1 & &3 WiEER CAIS N DT DR BIR
. . 2 00 )
E.. = _1 / d\ /drdr' € {fl / Ya(r, r';iu) du + 6(r — r’)n(r)} Harris, Jones, PLA (1974)
2.Jo : 0

vl )T
r—r'| | . : : . . Langreth, Perdew, SSC (1975)
density-density correlation function
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Polonyi, Sailer, PRB (2002); Schwenk, Polonyi

2013 © (0+0), (O+1)RITIERFIRENF

Kemler, Braun, JPG (201 3)

2017 9 (1+1)RTHEZFR

Kemler, Pospiech, Braun, JPG (2017)

O (1+1)REMHEEIER (BIRR)

Kemler, Ph.D. thesis (2017)

2018 © Kohn-Sham FRG ((0+0)xIt3EFEfIRENF)
Liang, Niu, Hatsuda, PLB (2018)
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TY, Yoshida, Kunihiro, PRC (2019)
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v,

TY, Yoshida, Kunihiro, PTEP (2019)
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FRG-DFTD 3k (our contribution)

2019 © (1+1)RICEREZMEDEEIREE

TY, Yoshida, Kunihiro, PRC (2019)

O (141)RITHERIZME DRIEINRE

TY, Yoshida, Kunihiro, PTEP (2019)

(2+1)RIT—REFH R (2DHEG, E{RiE)
AN E d)g TY, Naito, PRB (2019)

£ EED R VRIEDH 3 2DHEG

TY, Naito, in progress
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ST R—ILMRGEDYPEDES!

TY, Naito, PRB (2019)
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B o ok e N paramagnetic |: ferromagnetic || Wigner
SNSRI phase phase . crystal
% < DIEHAIATE I
N, = . Dense 2 4 Dilut
Y7 - A0, § s mé Hute
Z BB = £
V7 NIVADFE Tanatar, Ceperley, PRB (1988)

Attaccalite, et. al., PRL (2002)
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—BREEZ 2 DFTOSETEBAEEREL (LDA) REKOHEY) —p EDFRROD

BF—ATv7
N—KNU—BEFgMR m.=e¢=h=1/(4ney) = 1
Sy wl = S lw' wl + Sy’ wl + Sy, vl
1 1
Saalw vl =Y [ wi(X,) (af - 5A> WX+ J W XWX Uy X XDy (X (X0
s X s,s’ XX
Sel, A[WTa wl=—n Z J U zb,,l(Xa X’) l//; (X )y (X)
. IXX °
i n’ e
Si,/l[l// W= - 7 [XX U2b,/1(X’ X') Q Q
Uy (X, X) = R,(X - X) ot —17') _ Ad(t — 7')
’ |x —x'| |x — x'| N : density of electrons

and background ions

RFBBE n=n+n , AREVRIE { = (n, — n)/n ZEELMKFS BV ER
KT BIFERT v ILDAE  TY, Yoshida, Kunihiro, PRC (2019)

ol [ |
ZERAER Pr =Ny, Py =N = Uy,
opy(X) ! [l ' e

Wigner-Seitz radius r, = 1/A/n
Initial chemical potential [t . ,_q = TN,
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1
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)

X, X'

NEIROMA BRI BEDO TR DHHL ...
LN E
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1
Oth 0/11_‘/1[71] = EJ

1
1st oIV nI(X) = —5[

Uy (X —X')

=

(

\

DTHFAT—

XX

XI’X27X3’X4

(pX,) — n)(p(X') —n) +

background ion

— |
[',[p] =T1,[n] +m[ (p(X;) —n) + ZFJ
X k=2 " IX

1

Coupled differential equations
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k
FOmIXy, - X | [ (o) =)
i=1
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ER| D=6, TPmE, X)) DK DIC

. A/ 5nW[//t] 1 | A3 —
N = * (n) s — ALFEA (|
ZREMHBEREE 6 X, . X) o oixy L7 —RENICT B

TY, Yoshida, Kunihiro, PRC (2019)

BEERITZED
E 1 N _
g8t Q)¢ D\ _
Oth o, =5 L U(p)(LGﬂ (P) n>
1st 0, = : J Up)GI(P —P)—lU(())
620 )p 2

~ -~ 1 ~ ~ ~ |
2nd  0,GPP) = - U(p)GP(P) - EJ O(p)GO(P', - P, P) + GOP, - P) (am + 5U<0>>

P

[ -[] -]

GP(Py, -+, Py) : Fourier trans. of G"(X;, . X,)

IREOFKE LM AER...
Truncation!

U,(p) : Fourier trans. of U,(X)
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Q
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Flow e g h ] [ U(p) [ GAPy—n | iy
A -] o] o) @
@@ Direct term Xc term .

GH(P', — PGP, — P)
GP(0)

zmwﬁﬁwﬁ%

~ -~ 1
0,G(P) = = UG (P)* - 5[

U(p’)((?g‘”(P', — P, P) -
-

=: C,(P) = Cy(P) Ignore i-dependence

G? (P) + \/ C,(P)/U(p) tanh (ﬂ\/ U(p)CO(P)>

G (P) =

1+ \/ 0(p)/ Cy(P)G? (P) tanh (z\/ l7(p)C0(P)>

- &0 Kinetic 1/(2r2)

+i[ U(p)(J ngkP)—n) Exchange —4v/2/(3zr,)
p

2n »

(T - \
ad ﬁ(p) ~(2) o ~ _ ~ ~(2)
L In | cosh <\/ U(p)CO(P)> 1/ Gy 08 (Psinh <\/ U(p)CO(P)> O(p)G2(P)

0
\ L - /

+

1
2n

Correlation E..../N
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Eeorr 1 ~ U(p) %(2)/ Do < ~ > Q)
N =2 L In | cosh <\/ U(p)CO(P)> + Co(P) G, (P)sinh \/ U(p)Cy(P) Uup)G,;’(P)

\ b - )

)

Co, G? @ r, ICHT BEEFY: Co@.pry) = G50, rp; 1)

Wigner-Seitz radius

Géz)(a),p; r) = Géz)(rsza), rp; 1) r,=1/\/7n
&£o7T
ECOI‘I‘ 1 - "'(2) - "'(2) 1 -
=— | (In [1 + U(p)G (o, p)] -~ UPp)G (w,p) | +—| UP)Cyw,p) + O(ry)
N 2n ), an Jp
...... Q
....... tooT t
RPA 2nd-order ex.

Gell-Mann-Brueckner (GB) resum.!! Gell-Mann, Brueckner, PR (1957)
Rajagopal, Kimball, PRB (1977)

o GBresum. [C X5 EHEEMIR (r, > 0) DEE GG Rz BIR!
e GBresum. TIEEXD ANSNTWREWLDOEXRBEHEFRN S,

Wig< EHHEETIER LA
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Resultat {=0

0.00 7 ! TY, Naito, PRB (2019)

HETXRIL¥X—

Ex, 1 4/21 E
_|_

— Corr

N 22 3z r N

—0.05¢

Kinetic Exchange Correlation

Ecorr/N

—0.10F 1/ g o e e IR R -
EVTFAHILAED—K
| | | : Wigner-Seitz 3=
—— FRG-DFT (2nd-order vertex expansion) 1
—0. 15 - - - Gell-Mann-Brueckner resummation i n—=—
% DMC [Kwon, Ceperley, Martin 1993] 71'7'82

+  DMC [Drummond, Needs 2009] N T
0.90 | | | | EEFR ORI AT —)L:
0 H 10 15 20 20 r.<10a.u.
T i
=% EBR T DEE SiERZzBER! HREYE >~ T A1) O3% (DMC) D
. e o fERIELLT DFmX
FRG-DFTII SR E CTRELRIER. Kwon, Ceperley, Martin, PRB (1993)

Drummond, Needs, PRB (2009)

EVTFAIODER E—E

18



EEDAE VRIEH B B % (preliminary)

i, EDFOREVRIE ( KEEIEHICRESNTWS,
LHU. FEED¢TFRG-DFTOSEZZENM L. 710 v T 12T L THEKEFNE

ZE W
TY, Naito, in progress
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GO(P', — PHGY(P, — P)
G2(0)

~ -~ 1 ~ ~
0,G2(P) = - UPIGO(PY - EJ U(p'><ng‘><P', - P\,P) -
P/

(-1 ERDBFHAIE—DREVZFE D&, NI UBMBEOMRERZEWLESS

LD UL, C(P) =~ Cy(P) EWSELUK/INY ) HEthiED S DIH D EHFZERT!

l\ov U 7\|:| 4 =\:y7\E%’§‘ br‘:i—ﬂ"l Kemler, Pospiech, Braun, JPG (2017)

EEODOLYD (=1 ZE 2 5, (TY. Yoshida, Kunihiro, PRC (2019)
— g R 5T TICID AR

fr(x,x) = J eGP (P) +n* —né(x —x') - 0, (x = x)  Pauli blocking!
P

- aﬂ[ GOP)=0 wip J C,(P) =J U(p)GP(P)?
P P

P

ZDEEEFEDLDIT, C(P) BUTO&LSITELT S
J, O@GR(PY
C,(P) ~ ¢;Cy(P) <=

JP Co(P)

numerical calculation in progress...
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X (2+1)RTE—HBEFHR (2DHEG, E{RiE)

2019 ©

o

TY, Naito, PRB (2019)

TY, Naito, in progress
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s REREHEICRD 1'% 5 RN\ DHDEH
o REEREIN DA DEH
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