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General Fomalism
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= ¥ o[- o2 e ! G Wb b
= zJor it [t ] o+ Cpforn’ Gt epste
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imlroduce. an exlermf  poentiad, dar) , and  arormalus pave
pdérlwlézb Dug (1 r), a0 that

K‘P,D = K -+ jd‘r PG Qb(r) + O%Jdv‘d%/[%(mﬁj)%(m%(rl) + H.C.]
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S, Minimum, Free- Energy PTi,nc,Lpﬁe,

A\

TP [H - N + %ﬁnpl

If

2o 1P

= HY — N> — T <S>

) s mimomum value

Qi Rl = = 5 In{InLePH] ]

wRen
P = Ppn = e‘B(H-MN)/t,L[e‘B(H-MN)]

wnder the  conslraindl, twP =1,

where <S> = — ket [PIR]. Thern, Qupuy [PT -takea

= (3)

-
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[ Proot of  Fgs. (0 - (5)
)

(Lemma)
QH—MN [pH/—pN] Z QH—MN [/O -MNJ

ﬁ equivalenl

-b‘u [g—(—MN .Q/anfMN] Z T)D [,q-,iuN.a'an-MNJ
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b P I + Q2 10T 2 —T [AtHoMN) T + Quopn L]
~—————

TP (HEuN+ él&np’)

= Gl (H- N +4 P)

= TAP(H~MN+—D) + EDNN HPAN)

= (QH-uN 8] .

c Queun [T > Qpepn [P] //

= tlmb] - tr [PmeP]
0BT = B 20T + o 1P~ Tl (@ thipy=1 )

f

-~ / / — / - . i y;
2R - TR Q>+ A - x4

= <3im>0nh, <nU>

I

Smce T 10m>[ = Zigmy1T =1

s

o= = 1myft (%’M%/— Q,%P,L-r F},—,%/) \

T\J v ~
= zj|<¢m>| Q,(!@n—‘l+—~—i) 20 e
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When 8'/=:Qz , or HwN= H-mN, @ =0. //
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§. One-to—One Correspondence.

We proove that {dr-u, D@} corresponda  one-to-ame  To

{nm), Ayg T}, where

nF = %(LP;(r)‘/{T(r)> . 7 0

N2

Agprr)= {4y %(r’) > — (%)

the averzge Taken by 'p’<¢D"

(Proof © Reduckio ad  Abswrdum )

Assume  that {CP(r)—/x, Dymrd) and { -1, Ted}  gwe the same
mm, Ad;ég}’) } . then

) Qe J1P1 = T P (kg + %@np/) )

= P (Kept -;3-0/ )+ g L@~y — =) Teer) &

. LgplPT 4 j | (D = Dyp (> ) Aggierrd + c.c.Jardr”

Qe 07 > Qeplpd o+ S [(Wir1= )= @) ] Tery dr
T SUD;Ftrr’)—de o1 )gtr?) + ce. ] drer
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In the same way , we can gekb
Qpp P > Quts 161 + X L)) - - Inee dr

+ 3 [ (Dpurr) -st/ge(TT()jﬂdp i) +cc. ]drdr

_ Addimg  Egs. (&) and (9), we oblan :

QoplPl + L2107 7 QeplPl + 2y (6]
WRich, . inconsistent, . //

- (9)

O

In summary ,

Q¢ ,pIM AT = s Oy noer dr +J [[j):‘glrr/)Agp(rf%"' c.c. Jorgr

e + F[TLA]

Takea Wa munumum value  uwhen (n,a) i the cOrrcct densities

Corvespondimg To Ko,p, where

Eln,al = he [H—MN+%%P]

= <H>-MIND>=T<S>
with p=e o/t (e F4p] .

—(10)

= (1)
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Density - Funclional Theory for Superconcluc'[bns (I
Application to the Anisolropec. and. Inhomgyem egua-

SupeY‘Condu.cL/ng- GTOu.nd, State on  Electron Lc.guufd_,

1985-6-2% |

g. E’Kd\ZmSQ- Carrdla'llaru Free Eﬂc@y

We Im:bloclu,(‘,e/ Fxc, [n,A] b‘j

AFM,AT = Tsin,A] - WN=-TSsn Al

ff_j NN 5 5
+ 2 T et - &rdPr

V > J Ay (r+r/17 K-2) W) A(73+r/2, B-12)drd; &,

+ FXC [Tl,A] ) —(‘D

where T ano( Ss dencle the Bimele energy and e;ttszy subject To
Updlertials ¢ (T .
o s and D) chosen such that TUr) and Aor) are
epal to  those of me,may‘“% s stem .
wer) i an effeclve Pavu'mﬁ. Foién.&bﬁ TESponsibée, Jor the formalonm

UF pseudomoéecu,éed- ( COOper FEM).
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8. Foinimg. Polenbial W)
We conaidr statea im whick Cooper paves- are ’macroscop&ca/@
occupied, , Ao thab

V= ot [ Poiniag ) P05, 6a )+

) ~FOGGEPGEIGE) - J —'QJ

where. 70w the normaliztions conslant  and 6P<rf;z;cr,oz} i the
antds(ymm;:w;eo(/ pscudo-moleade. wave funclion.

We mush  dulinguish two cases: the spin soéﬁo,t'pauz@ e
im wRich

) Gorias) = PrPHRT(MN — ) : —@
where  POT) = PUT) |, and  spin liplel case | i which,

QOO0 = Gy IM> + PuOTEN ) + Lu o[> A

where. S@,ﬁ (T‘T‘/} = — %IB(T‘/I").
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The paimg plental W) . the one working  belweery  Two
parlicles ’Fom\im% a peudomolecule , for which we  adopt,

accondimg To Kukkomen  amd.  Overhauser,

Wy = |or et T we

= 9)
1~ V@ U-GEw) ] A @Q,w) o
+ D@ G_@Qw)X Qw) - o~/ J — (59
1 +D@OG_.@X (W)

Here, 9= k—L’ and W= Fk/zm-FK7zm, %_(9,;w>”‘w the
Limdhard po(?a\jabcﬂ@ ,  G@w)and G-(w) are de(-‘cmec( ’t‘\jrouugk,
“J xaw) = Xaw)/ [1-V@Q (1-GEw) X aw)] and X-Qw) 5 X@w) /
[1+V@G-@wIK QW) ] where  X@Qw) and Xr-@Qw) - the

density  omd spim Tes porse. Fumcliona .

In B.65), 0w the Padi mabwe wRich we sed |

/

o-0 = -3 (spon sin\ﬁﬂet case )

1 (spim  Tuplel case ) — (&
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( @ of Eq.b) )
o= (), 1D, (19 ) -
01 = (Ox1i0y)/3 = (%g) and (1000) — (&)
or
Ox = Ox+0Z , Oy = —i (G4~0=) — ()
O
DHere)
oo’ = g+ o) + Go S — (10)
tRETL :
T/ (N-11) = 2 (=N It )+ (D) (N W)
= ~3 (NI
and so on. //
For spima. simﬁ,QeI» cases, Wwe conalder cmfd \ )
ACT) = AT (AGT) = AT ) s = (1)
w?uﬂg o Twplel, cases, we consider - |
A,M(TT() B A/N,(r‘r‘/) = A\L’I‘(TT‘/), A (TT‘/) =
with the condibiom, Agpr) = — AgplrT) - (12)

R ULLI T SRR P2
SIENUN P e RS



X 988-6-30 1

Density- Fbm.ctdonaﬁ Themj CFOT‘ Supermndudbrs . Inc@usian
of Magnetic Fields

C Syslem )

K

i

H - MN

i

= |drdgies vt ]+ Ex d’rd‘r’?df)‘?m‘/;g;m 40
.
Q

N Jcﬁr Q%(r) %f(r) Gy, (r) pr)

— (1)

(Electho- Magneﬂc, Freld )

H= %jd}r%(w{ { —V CA) 69’} Yor)

+ (;%,Jd?r Lo {cu-- [H} P r)

Mg

{l

Sda\r g {-—~\7 + eT"(vA+A

A ey } Z(r)
— Jd3r H o) - {‘—z—e’n-l% ({/;(T) (D;o,qlg(r)]
Here, we winoduce _
- e C,tu + CP .
mir) = -—g_ - YT (r) Og %’ (1Y) - (2)
g
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e
_ efls . &R j
K&BA,H,D = K + CS Jptr) A &r + 2mc}8 L) &

- e,j AMmPHIPr - J mo)-Ho))PEr

- J (Do) dpd ) + He. JIrdr”

where.
-~ 1D + 7
')JP(T) = % 5mi { q/o-(r) \7"‘/¢ ro — (V(PO‘(”) ('PO‘ r) }

L) = 5o dpem)
We imboduce A0T) = <4’NY)%(T/)>, and  show

\ 2
L ganp M, Jp,m, A] = —E— JJP(r)'A(r) dr+ Qm—%zf nar) Atr) T

B ej‘flcﬂ Pridr —jmov-Htr)d?rj _

- J [D*(rr’) AGCT) + ¢ ] Frdir’

+ F[n)jP, m/A]

— 3

takes its mimomum value wRen {n,3p.m, A} take the actual

values  correspondimy o the FOT@HO,&, {$AH D} in reaﬂc@, we

adopl D=0 and H= VxA.
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where.

F[Tl)JF,T"JA] = Tn Ropnp [H =N + —/Z?—%AHD ]

= <Hoppnp~ M N Zpnp = T <S2ppup

with Py = € PAD /by £TFE

@,
)FUMQ\%) Fee ipmal 14 defined by

F'Lh,j?,‘ml,A] = Tg— M N -TSsn.al

e | 1t £
+ = TN a) 'n/(r) o‘3T‘d3T‘/
lr-r

- %- Ja*m-’m rry &rd¥r’

— + Exc ET?,jF,“m,A 1
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(Bogoliubov  Fqualion, )

—

2 52 o "
{;n {%—V+%[A(r)+Axch)]}+ ~ A - [A(r>+Axc(r>]2}

2mc*

+ {vm+ elg——-—m”

-] dRT“/+ 'ch_(Y)} ] 80@ — HB {G—{(T)-{-'ﬂ-lxc(r) J . (D(}C

= C‘Z)O"C (T) * 7 _ (7)
where |
Uxe(™) = Fxe/EMNr)
| %A)@(T‘) =  She/ 80pm
= MglHxc0) = SRI:(Q/SW\(T")
\

theru

LN

%
JUm T :—j BOTIR, UnT ) dr

z {&?—c(m-&- Emgm, UmT) :/LJ DATES) ,%tum(r(t\)dir/
o .

T

> {&aw;— En Soc

—(9)
where

Dsarr) = Do) + Jw(r’rr,r,”)A T PR — She/ SAXrT)

o 1y _ .

—(10)
Dxc (T‘T"l)
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(G‘a\j Fquallor )

O~ X / |
AWT) = Z [VnohUnat) (-FaM) = Um0 Una%) Fn(1) ]
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Derivalion, of Bogoliubov-— oo Gennes  Fgualiore

8. Mean— Fuld Hamillonian

Grand, Hamilfonian, @ Gorkov Form )

K = H - &N :
C = %j@r k@m [5%(%1\7+%A(r))2— M] ¢ o)
+ = J:Pr $Lr> U > e (r> — chﬁr APIAPLAPL A
= ch Sd‘r‘ o Ugead Yooy — W}dir Kler> Yo %Er) G o) — (1)
where |
2 - .
Gt = o v+ $A0) ) = 1 ]S + Use () . — (2
(
- \i .
(Lemma ) | )
Jdar Yo Mog Y5 0r) = Jd’r( oo W) Yoy —(3)

S ScFr;LPl'_(T) (%—v+%f\ )@V@ : -

feorTERm-£A) ¥hin o £A )

—

= SCFY L7 &A) Wer] Y

(e 8A) T, if_Aw w reals

do sy N e



2) Nole that, Upgr>) = UMoey + hi)- Ope, . Then,
Uketr = U See + ke ((94), (21), 65)).
6% ) ° VO"C ':
( (l ol), (L o), (o’-1) )o'“(, = (Do,

= Uy, fF Vo) oand Ao i real-. //

Dy (Scaler Rential and.  Spin- Mdane'tlh,— Fold Cmmfl&ma_s )

ProVYUEr) — mo)- H(r)

SHer Y gmwz._ = $Hn G, Y )
= > ¢7 | V) Se Ry H Oge, | H I
= Z e | U + She HO Oae | a0
S O
Vorlr) = UMdeg + Mg HE- Dpe oo — 4

whRere. Mg = ERrR/2ZmC. oK =

geyn } rJUJ“'

? o3



(Mean- Field,  Hamillonian )
The mean-field Hamillonian, 1S definedd 38
Wor, = Gzc JcPr %’:(r) Wl (D Y r>
+ XcFr Dwvttaml™= dobpod e — Ar $n e ]

(' ;
' )wRere

AT = w <GYmdgo) D

ia the anormalous pavL fieldl, .

Here :
o o) = - Bodpr) = L Gy =Yoo dar)

=L ww) §5) (&)

@) ¥ ‘
| — | < Coos
= 5z qjo(wz(f) = -5 P By #(1)
N\/W\/\/\/\N‘PN\’ i
o Yl q»;fm = —{2 YR U+ Yoo ) = - %o% ;(r)/g,tgb

T T TN Ry
YN NS LR 7 G

—(5)

—(6)
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K = Sd?r [w‘i | A [ iZ ‘}{I(r){tf(m(r)%(r) + A ‘f/;(r)}
+ Zig:c [ %o Yt + Ao B Hoar) J 4. (r):l - (D
where .
o 1 _ s [({0-L s _
p: (_1 0 ) = [ <i, 0 = L % _ o (d))
D Dof B2 )

[ Yh o 1gtry Yty = | e (W tOWEr) ) Uptr) (@from Lemma ) //

Y
i : ety v e e s
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S, Bogojlu»bov Fquation

%{Vccm W, ) + AR ‘IL(TZ:)} = E, W00

%{@t(r)vv re) + A*(r),%Z u,),crm} ="+ Ep ‘Up(r&) — (?)

*

&)
e _dendte. an_eigen stite, W5 S)= (Uyrd), Uy (), Up ), Y 0¥) ),
where we restuclh To posite sobuliona, E, > 0.

Negalive egen. stalea are.  oblauned. &y taking the " complex. comjugale

of Eg. (%),
2% {Vco-c.("") VR + A R Unre) } = -5 ‘?ff’(m)
Ol
2 7 {VG’&C > Wytrnd + LR, V¥ ae) } = E‘,, U:’Lcrrf) —(7%

thus we cendle a megdline eifen Slale As QU-:L(‘TS); ( V), Uy,

-

USr™), Ubm) ) . | '
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(Orthonomality of the Egenslle Seb )

4+
<y > = & d&r MTS>LISIY >

& :
= S%ij Frwiors) W, as) = Opar ' — {10)
(Compleleness )
) O
Qo
27 I v 27 X 7
S TShOYITS > = v%{?%m W) + Wars) UL, o) } _
3

= 0ss/ (-7 __ — (1)
D) @)
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S, Bogo@iu,f:ov Transformalion

We defime G40s) = (Um), %), Yo, Y ) . Using  thia

quantily the Bcgo&ulxv Urmsfarmalion i gwen by

V>0 y2>0

' Yors) = SO Whos) + = of wosy = (12)
¢

A

(Inverse Transformalion )

o %jcﬁr WHrs)Y as)

= T dp Iferuwlrowies) = o
m>0 S 5 D
S
-
Zo %&d?r"wi"p(rsv ¢os) ¢ 5
iy X - +
= E;O o(M gjd’r’w_ym\:) w.Firs w6
. OpLv
oy = Zéjd-’r Wy ars) Yrs ) £
o = T [druwlasrqas) - (13)
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K
I

s jdsr [ Usooo ortr> + Viarod Hhory ]>
O.K

o(f) — %’Jcﬁr-[ U, o) Uptr) + Uplto YEr) ] — (14)

8. Anticommutation Reloliomna

L
@ {oh, Dy } = o%’j&dgr/{m(m) %(r)w U U |

Uprool,, o) &of S (T + VY, r0) b’ r-1)

.._. gjdg-,« { wrow,eo) + Yoo vy, oo}

3 = gjo@r WEOS) WL (rs) = Spw O
¥ ™ .
@ {oh,o ) = Uz;jd‘r&r/{ UL G+ Yoot 1etd by o+ V) %t(r’)}

v

(UkTOUZ oo + VAo W, 0) ) S SU-T)

— * ¥ *
= %jcﬁ“ (W(rov‘?);(m)-i— ?Jff(m)%,)“’o).}

= Esljd% Weors) w, o) = 0

t ' 1 Bl I A T SN S
1 . flos-11) LI I
HULL IO BB IR



{O(H: O(t} - SP-V 0

{O(M)O(u} — {O(:&,O(i} =0 "(/\5)
s. Diagonalizalion, of Km
We rewrite Eg.(2) as,
@
(¢r = gl wom+ofuienr] = gm
Yirsw = 5 [oh UarN) +00Us,ri) ] = q;j;m ~ (14)

€); %%Sdﬁ“ YEom [ ge oo ¢t(r> + ADR, YIm]

%%Xdirql o) Z{v[o_cor) = [, Wy re) + O(T VE o) ]

Q

C T AN/ X (o, Vs ey + ol u?i,crm}

SN

% Sd?r*%(r)}. { dv% Lo MULETT ) + A R Vs orz ) ]

5) up (TO) ' ’
toh %
.

[V(UC(T)QJ)) oz) + A(.r)eyc (Tt) ] }

~E,,’Uff(ro*) ‘
Ey -
— dsisip .
= T Sdr (e

Lo + oUW ro) )% O Unoror— o Usro) D

- Gh)

IR N TP U LR



10
Sdﬁ" [ (G ‘{’ R aPAY (r Re Y ] da0r
%%S&r 2 {vc 5z M) )Z)L Lo, Uy roo+ o(;',fuf,‘,(rt)]

+ N Ry % [0h, U, (TZ) +0{J7)ﬁ(r'c)]J ¢ o)

%gjdsr z{ oy I [V + AR Uy (12)]

»

) :E— U, o)
Jro(Jr Z[V( Z(r>u; (r'a)+A<r)f?oa‘2),,(rz)]f 2.(r)
- E,, ’Lbf,(m)
= 226, £ | Cona oo olh Ulred )x (o tutrey + o 2frer)

—(b)

~lses
@) = Z%)E,,%gdi*r

) [ holy (VpaodUsod + Uptod Yo ) ‘ \}

“"0(;,0(?) (“uﬁ(m)‘l)“:fu@) - ‘U?&(rcr)u’f,(ro))

2
© 1+ oho, (Whire> Uy o) + Vhre) U red ) = Su [Ty ro) |

& 2
\ + oL o (VEero U tro) + UL, 0r0) U (707) ) — Sw U]
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£

izpszv’ uoly, %Jd’r‘/w\(?s)\QJ@)
- ,to(t, Zjd?r %ﬁ(T‘S}*@L&“\)
+ off 0y %JW WhTrs) W, rs)

— B
Spr

L+ o ot %jd’r Wy ) Ufutrs) J

O

S

- 155 dr e el ~ 4 Iz [orE 1o

= sEdoy - gng?rE,m,,(m)/z

b ")Km = JCPf“[ JAD = 22 E, U tron | J

+ TE, o0

11

—(1%)
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3. Gap and Density

DA = wPrmd o >

2
= %—g_c LYotr) Re % 0r) >
) - - “Np 3 to*
= -%—) O%C F%) <(O(MW(TO')€ O(II (U:f(TG) )PGC (O(»uzf”t’)—igu Vo) )>

= -’-VZTUZCZ [ <o > Uﬁ(m)%cuytrt)

—————
S FE)
+ <O > Upe (10 R, U¥ire) }
S[-u) (i—(f(Ey))

—’%}i > > { W00 P VEre) FED + U, 0oB Vi) ( l—f@d}

) 0T YV
Rz,
YAXGD, :‘ %%‘52 Uny T B, V1T ) [1-2fE)] —(18)
whRere  we -Rave sed
| —
oy = FEI , fEI= [expE) + 1] ~(19)
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- @
) = %%_ [FED 1o F+ (1-FE)) V0o | ]

Q@QMNuo) = 50; {Wremdr o >

O“IJvl)

13

=32 <(o(Mmcmﬁo(Luitrmv(mwdi‘vfcm))}

T [ RE) Wrorlyue) + (1=FE)). VS o Barod |

—(2)

@ Tur> = ~Mp> {Whtr) Ogg drtr) >

n) = 4L L Uro> O Uoe> FE)

&
: + Vo OT5 Ve (1-fE,) ) | »

RIS P R






¥
o ey,
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3. Gyand — Canonicall  Hamlonton

M, = ¢ — mN

_ I 2 Gl aS
= % [or @lor (~om7 1 )by +-L o W)(zp% 3t

(_’) — wJ &Er gl glos > Yo — )

S el g € ey oy A3
%UAHDX— H, t C[dngP(T‘)'A(T) + chzjcﬁrn(r)/\(r)
+Jd3rﬁcr) v —-Jd#* '7T\btr)° Ha)

_J Fripim Aw) + He. ] —)

where ﬁ\p:—(_f) = (b/2m) = [ Vo) — W) Yr) ], Tio) =

Q

f P ‘
Ym0 = —Hg S Ope () (Pg=Eh/2me), and

Ay = G o),

Tt

-‘5_‘.



S, Densltﬁ— Fundiional Theory

Q‘DAHD[anmA] = _Ce: jdier(r) A t o Jd?rmr)A ar)
+ jd?rncm'?f(r) - Jd3r mr)-Hr)
- Jd%-[ D¥r) AN + ¢C ]
b -
taler tha mimomum value when (njp,m A} are the equctbrium

densities mPonJm:j T the e/;iterndﬁ ‘(:L{»,MA— {Uu A H, D}. In Eq. (3)/

FLTI,JP,TT’»A] = tv FBppnp [JE - N + %'OUAHD 1

= Ny ~ N> = OS> | —“)

Duhere  Pogp = € FXuaD / trle~FotvAHD] | O

The  excharge- corredalion. free energy FelM.3p, MA] i defimed by

Fniypmal = Kingmal

+ £ Jdirdﬁ*’————-—mr) 7;_(/” chﬁrA*(r) YaXis )

+ FXC [n,jp, m, A ] | "65)
where

F:‘S[n)jpzm/AJ = TS[nljF)m/A] ~MN—GSS[n/jP)Tn/A J ——(5)



3. Self-Consislenl Fquationa

We minumize W.B) with Tespech o (ndpmal.

2
) —8-5%) + = A + Vgtr) =0

where
Q \'Us("‘) = ) * CZS@T%% + VUe(r)

Vetr) = SFe/ STUr)

Ok e N
@ SjP(T') + C As(Y') 0

quCTe .
[ Asor) = Ao+ Axer)
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@SZ*F(% - D=0 (16)
where. |
i Dstr) = D+ WA + Dxclr) | ~ (%)
D) = — 8B / 8A'Tr) -(18)

We must solve the following ﬂonl}nferacﬁh? Hamllorwan, ,

%S = Jd*r c,b+(r) (-3 V I‘*)‘P (r) ‘w
: e A " &b
T _C—der‘JP :zm 2
+ Jd?r Am v ~ [drim: Hsm J
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§. Gap eIc. ( C'IC DEYlvath of deGenneA—ggo&uim»- I:g , /11 )
1) A = %g;g_t Uy ro B, Vo) [1 — 26 ] —(2)
2 MLm= TZ e FE) + 1o f (-6)] —(3)

@ M) =~y TS [1r0) Oge Untre) FE.)
T+ UL ro) G, Vi oy (1=F1B) ) ] — ()
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| § SUmFQuFLec{. Spfm.o
.-l:Ve, st Ar)=0, and  assuwme Hr)y and m ) Rave OTE/%

Z Compmenla. Them, im Eg.(0,

Wt = |- %V:‘—H- +Us(r) + MgomHst ] Soe " — (%)

The Bogoliudbov- equalion  becomea

\ [—;ﬁ’:vz— M+ ) + Mgo-Hsr ] U, tro) + D¥r) %_’/gt-uy(ra) =-E,Y,00)
- @%)
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Densdgy Funcbional Themj for Sufemonclucfovs Inclusion
of Spins

We apply the density ~funclional theary To superconduclors v
1.2) '
magnelie, fulde .
( J}g . Sﬁstem

The grand-canonical Hemillonian i written. aS

o= ) — MN |
Evj 7 ‘// S 9%,
— -t ey [ ! YD VAT R )% ()
ZJdT(,U (r)( p.) (r)-f— ZZjd#‘d?r - e T'/l

— )A)Jour‘ detoro ¢ dypird G r . —)

“J Next, we introduce an external paknﬁ&é V), 3 veclor po‘[’enﬁbl
AW, 3 mognelic field H)= VxA®), amd a pan polentiad  D(m.

Then, the Hamiltonwan beomeda

%’UAHD = M + Jd—‘T‘TL(V‘)A(T')

+ Jdﬂ“'ﬁ,(r) wr) — jcPr ﬁ\’btr) . H (r)'

- Jcﬁr (D A + H.c. ] —(2)



where  Sp = (h/zmi) S LB 0 VYR~ (Wm) b T, R =

O the Bl miuin ], and AW = hmdho.

g Variatonal,  Formulation
The t/-:ermocfynamw, poTEn&aZ 4 writlenn aa- funcliondl. 070

n,dp.m, A} = {Km>,<Gp>, <M, <A>} a5

. e A e’- 2,
LoyAHD [n,Jp,m,AJ =T J&PJP(r)'Atr) + Smea ar n(r)‘-A(r)
+ jd#mr) V) —dermcr)' Hro
— chr[D*(r)A(r) + cc. ]

+ Fln,Jdp, m, Al S —©)

In Eq.03),
F [n,JP,m, AT = T Poanp [H - m N+ PL%AHDJ

= )W> - N> — OS> . - 4)

where pUAHD Exp (- B}LUAHD)/ 157 [@/)CP ('B%’U‘AHD)J MCL g the

temFerauuw .



Tt w prooved that Bg.3) Taker munvmum value wRen
densitior {n,3p,mA} are the egillibrium value ccm*esPondmj to the
externall poTen'&hﬂA {v, A H, D},

( 3. Self- Consislenl Equalions
J
First,  the exchange-comrelstion free ereryy FRelndp.m A1

defined. by the equality

F[TL,jF,m,A] = FS [n;jr, mA ]

/.
+ ﬁjm’-—*—n‘””‘” —~ wjdar L) AR

2 IT-77]
(J + F;(C [.n; jP; m, A] - (5)
wRere, TN
Kndpmal = Tgnjp,mal-pN = 0 MmgpmaAl —(6)

i the free energy of a monimleraching syslem whose densities are
eqwal to those of the f/n—[eracﬁﬁ SysTem . N

Minomizalon of Eg-(3)  with respect To {n,JP,v;v;A}’ leads o
the followdng equaliond. .

PIBNWNEE U Y E



oks e - —
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urptere

Vsry = Ver) + ezjdsr’—r’rl_‘—’;ﬁ,— + Uker) | —(®)

ond  Uxer) = SR/ M),

e .
)® SJPcr) * ~’5/\5(r) =0 7
where AL = A + Avetr), omd Aelr) = (/) 8B/ 8Jptr).

© anrfr) — Hstr) =0 | —(10)

where  Hs(r) = HO) + Hxe(r), ond Hxelr) = —, She/Smm,

@ — D = 0 N .
where
D Dy = DO+ WA + Dt R —(12)
*
and Dxc@r) = — 8he/8A"(),

. Equalions (¥, (3), (10) and (11) are euivalent To-Saévc}r\L? the

?o?ﬂaw(/rty non h‘terad‘zhy Hamllonian .



to (=
He= %Jd?r Yl (mgp— ) Yortr)
b Elardm A + L [ar AmA
C P S 2mc3 T

+ Jdirﬁ(r)?)s(r) - Jd37‘ ﬁ(r)-l*é(r)

- Jd3r [DS o Awy + H.c. ] " —(13)
O
] : 3
Equalion, (13) may be rewritlen o4
He= ‘%Gzcjcﬁ' {q’;(r) et Yt + DR Y]
+ [V@c(r) ng(r)JngCr) Re ¥ (m ] <P<'T(r)} | —(14)
where
o ) = {om (vt %/L(r))z— Mfﬁl (Atr)-Astr) ) + Vstr) } Sox
omd P.= (§ J).

K To derive Eq.(14), we have wsed the fo%w"’&? Teé?l‘am/
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[ Wi reoeteery = [ Uk 2] Yoor



(BOSO‘QMA}DOV Transformalion )

To diagonalize Fq.(4), we must fust solve the deGenmes—

Bogolioubou- like.  equations,

t %[Vcocmu,,wm + DsmR, UL ore) ]

%[Vc’ét(r) U, tre) + QZ,*mQ,tu,,(rc) ] = —-E,U.00) = (16)

with the ' comstraint E, >0 . Demt‘mj 3a. positwe -energy solulion, as
Wy, (rS) = (W), UMb, Vo), Ul ) the CoreSPpnc/(;(t] ne(yaw»e-enerﬁ/
solubion i gwen by WE0S) = (VEN), VErh), W), W) ). The

Drthonombp.tffd and. Cmnpﬁetem ess of the set of the Céyensta‘tu, are
) )
written as )

— (1%)

4
<plp)y = s%

= ashrons)y = = [wrsnojes) + w,rswl, )] = S ST —(16)

S&rwﬁ(m)wvcm) = Ouv

DeF(}nf/rﬁ Yirs) = (Y, duirr, K, Gl ), Eq- (1) ia duﬁmﬂwef/

by the Bogoliowr transformalion
¢rs) = X Lo wpas) + o Wy (rs) ]
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Oy and o, ae p‘rove'o(J To satwfy OTt/c‘m&U anlicommulalion,

relaliona | and B.(4) i diggonalized as

Hs= ZE, oo, = %gE,,IdW"U,,(m) I ) - @)

Q
. Usimg  UWy’s and Vy’s , the densities are expressed as

D AW = -é-g):o}% U o fee Uit re) 11 = 2 ] ~ (1)
@ Ne) = g_g LIu,ooo FFEL) + JULreF(1-FE) ) ] " —(2)

@ mo) = —Mgg_g_z [wf,cm)dbgz U, 0T) -F(E,,)

+ Upro) e Visre) (1-FE) )] —(%3)
@) @ J - X s 4 * ¥

“q @I = (hjomy) Z> { [ W0 VU tro) — (VU000 YUy, 00 ] F(6)
T [VL00) VOSro) — (v, 000) VU o) ] (1-FE) )J — &)

where £y = lexpgBr+117.




After solvimg the setf-consislenl eualions, Fg. ) s caluculsled,

using  Egs. @), (8), (12), (13) ele. , a4

Quppdpmal = —0ty[eF%] - %J&T‘jP(T)-Axc(Y‘)A

= £ forarDODD. (s e

yi

+ [ermm-He > +w j Ir L) AT

+ jcﬁr[ DA +cc.] + Feipmal = (25)

S. SOmPQLWCLecL Trealmenll of Spims
) We set Ard) =0, and asswme Hor and e t/Pza/ue an@
3 Cm"fonenb Moy omd Moy . Then, the deGenres~ Boyobiboutibe

.
e

equationa. becomes

~§_1%V2— M+ Ustr) + Mg Hs ) | Uy tro + Ds() %%z‘lf,,(rz;; r,:LUp (ro)

BT U T Hs ] U + T B Uy 0T) = ~ By U0

—(26)
where O = £ 1,



The densities are gwen by

[ AD) = Lz uoo R, W) [1-26,) ] - (21)
1 o) = EE [Iweo FFE)+ [goon*(1-fE)) ] - ()
L M) = ZE o Liw,oo FFE) +1V,00 (1-fE)) ] — (@D
cands  the  single~particle  pofentiats are
)
Dsry = Doy + WA +  Dxc@r —(12)
Dstr) = vy + e‘jd’r%% t Vel ~-(3)
Hgor)y = HOE) + Hxel) — )

uhere  Dretr) = =8P/ 8L, Uker) = 8Fhe (/8N (r), Hyelr)=

—- ohxc / Sm r).
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S, Gap Fqualion. near Transition Poinb
We consider a mon-magnelic case , Hir) =0, then the
elgenstates of Fy.©26) can be cassified inlo Wiy (1s)= ;(u,,(r), 0,0,%,0))

and Wiy 0S)= (0, Uptr),=-Vptr,0) , where  Us) and Uitr) satify

) [ [—%VZ—M-MJSW)] Uptr) + Dsm Vtr) = B, Uptr)

[-%EVI—M +m ] — Eme) = =5 U%e —(29)
In Eg. , if we seL, DM =0, _
Doy = w A A li (Y‘)} — (30)
) C . ]
Ary = SUOVim [~ 2fE) ] — @)

Near 'tl'ie transition poml , where Ds(r) i Sma%
)the sobulion, of Eq.20) can be @X,Panded im lermg of Lk,

When thi expansion i substiluled in, Eq.(31),, JJ becomes

A = | KepTm + |deses KA n55) o Dmuag) + -
S

e

—(32)

/ +)
where the kernel K@) . guen by
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3 i 8 (p) 0(-8,)
Koy = ;{1[1 2;(5,)][ 15,0 + B N 'S»l“5r°J

x Q¥R ad <P:f(r) Pp. ) —(33)

wRere R and &, sabiefy

[—%sz—u-rfug(r)]%(r) = 5 P, - — ()
ie., the mormal-state efsen sobdwma. Equabion 62) ia  the
Ginzburg- Landaw equalions , which can be wsed far c/el‘Brmi/m);y
o gap Funclion A() near a. Transilion tem»,a‘era?&_z.re,. To

determime.  the Uransition point, the wnon-Linear term l}noéu.o&)rg_

P K¥nnen) i easenlial. . Furd-:er} to duacuss Whomgenem super-

conducting  stales , Tton—ﬁooa% m K* mforfawlﬁ

F(a) T2 T T
T< Te
Fn A
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