goooboooogn
0 220 19670 88-103

Friedrichs-Berezin @ﬁ?ﬁ&BCS reduced
Hamiltonian @O A ~2 F A

BEKEEEE E K & &
EEXE M % B ®
§1. 24%%
BEIEOrOREL (FERFHAFELE 15 ) v, BL0L

PR, TORBFREANLT EEHEKXES DR
(1) F A. Berezin: The method of second quantization, Nauka
- Moscow, 1965 ( m¥¥#& ) ; ®IAR Academic Press, 1966 Dec.
D—EEEHr L, TOo—~F L%k, L Li?&ﬁﬁ%&'%ii; BCS mg~
CIEHERS L.

E B FML® operator THE ik Hamiltonian (self-adjoint

operator ) D AN t AR LORHT LR, WEHCEHAWE O KD

WwTik L LH%%@&’CVJZ}X’JL ?ﬂ@ﬁ?é@l/ﬁﬁﬁ@m (I D& éi.%i’%"s
THODCARKEHATREHLH T 5. )

Berezin W LOXT, ;ggffgﬁg@g{sﬁﬁ;‘%:%%{t@6perator &>
WwT, —RERUZ®Ro Hamilteonian % canonical transformation .
RIDTHALTIHEERLTRL. COHETRVHY S quadratic
Hamiltonian O HA{LICD» T, Berezin PEHBEMM T HL LK
% @ Friedrichs oHE ) LOBBERONTARANS. #HLOERNA,
HTEFCO Hilbert EMT2~7 Mr kD EMEL, —EHED
Hilbert ZM TOZNWKELKGEE L2 S TERSED H. KHE, b D

HBIE, PAR RADBAEERDNATRLDT, EEESEIC D% 0% T

i

HEbhwn, 20T, CCTH, #0—D0EERh#E»® 4, BCS m%



© reduced Hamiltonian @D RN N E2RDIZORES .

§2. Berezin ox%

CCR %173 operator DHADOARELI(EMT5H. ACR OBEA
bE. FRHLCARTEH0T, NERERZT2RNT, R2OBERE >3
HREED 5.

L% involutory Hilbert space, &, ¥,»++, A, B, +-- %‘%@_{:K
e 4 4 integral operator & L, unit operator »HECL TE
.

S ¥ *

CCR fa,a l] =1, fa,a]l = [a ,a ] =0

FARELT HIF—IRER

() GL)C)

¢ ¥
DHEEEZD /4:= (__ _) "X cancnical transformation ¢@matrix
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B =vuAut - (A b) HL y - é(l L)
A C oD T\

A = Re(2+¥), B = -Im(o-v)

C
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Im(e+¥), D = Re(o-v)

,’ﬁ ThHE B d—#c canonical transformation D matrix Tl AN

B, A DEER S

Bif' =1 R BrIf3 = 1 (2.2)
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A ecaBer { A A-D, B+C € &}
A e G =pe Fo={f 5 A=D, B=-C;

Lemma 2.2
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1) F(e) = [§ e e 07, ¢ g
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111)  [Sp F(t)F ()17 & locally summabic

-C o -A
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Theorem 2.1,

it normal form (T € S), D> self-adjoint (T' = T, S* = 8)T»
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iii) S+ T > >0 (u@positive const)
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canonical transformation
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a 1sX% X u
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a y y/ v
A, D real (3.1)

BELT
OHERE(§2 0 L RFEB) THE

1 (A“&YA 0 \/u>

0 D*“lsn'l/(v

Yn :)(j) = ~2_(uv)

1
H= z(x )(
, 79,
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u b
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v b
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% Ber, Bb
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e b) ok

B0 Bl (0 ) g0

rEFB, B, B, HRCEE (2.2) BHEARLTLD.
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(4.4)
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2T, by, bF & by, b} OMRELTE, B1b, 7 = % © 4,
LOABINT, Ho= Hi @Il @y LHhEOTAS.
o mo< @ DEE,. (i*) > (gx;\ - OZERE proper T a = U by

%% /% unitary operator U BHEEFS. 2 LT, av. = 0 &by

0 0.
; _ -1 ‘ R " s 7 ~ ) )
XL oeg, = Uty EBBE by =0 kx 4e4 84

- = o(1),5(0) (1) . (0) .
CHFAT 999 = 297 %G 7> 1% 7 = 0y Polgy” = 0 %3

1) (0 Ty i g
0§, o) wkx, 4., £, po—HEcLns. zory,

4, & 4y ~onm, b, bt 0 ru ol wekrpa
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LDOTROEHESE S .
Theorem 4.1. PO BEREGTO & R, Lemma 4.1 @HJ@?;

T self-adjoint E&ZLSWEEBT, H & 4, T self-adjoint

o(1) .

T H = 0, Hy U 'io’t" self-adjoint TEFERNZ b33y D
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o ; X . = i
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S

(b ' (bl T % , ’ ¥+
«/= P \1s CYED h e Fock space #%k 4 , A ETh
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Yy

4 = ﬁ’ac® £s® ﬁ{)
H = Hac®ls®10 +'Ia.c® HS®IG * Iac® IS®H0

fBL.H, = bioub,., Ho = b*wb_, H, BEHE 4.1 kAL
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M



/

12 0 21 oWy, W() - (ai) ,QD(3,) - (Zi)
I>TEbNh% Fock space % bﬁ(l) , g(Z) &+ 5.

Theorsm 4.2, ”’}%@@%#VC TET % o0mMasE, KO

unitary ZE#8vV ﬁfﬁﬁ’s“a :

% ac

by = 4D, reny

: Tk = Vs kR = B
Va V% = b, VajV* = b
(Dys - L (1) - s
VH Y S/VE = H fEL H a¥Sa, |
§5 BCS HEHZWCH1T A reduced Hamiltonian ® 2 <2 b a
3 R
reduced Hamiltonian 4),5) g

K(V) = KO(V)”Q’KI(V)i

i,

BLKy (V)= 1 ek)at | SR
& TKk®2- & 2k 1k

. co1

sy K (V)=-% rk,k')a%
sk sk I v K E-(
ask‘,“ jagﬁ; 7 Z ey s,@%ﬁﬁ kO ®EF o a'nﬁ:i'l“:a%ion; creation
@memrgﬁ%@iﬁmmxf@@wft:ﬁmﬁwﬁé&fé.r@@&@
= T(k', k) |3 real, B2 Ky < Mk, (K] < ks “pLAT 0, e(k)
2. v BEEOMERXEA. CCWyld Fermi energy.

ny

Bogoliubov ZE#H: 4)55)

e T ARk Y2k T ARt (e Vi Teal)
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b, ai‘k os’z‘_ﬂ( > Bﬂt, %k Y1k 'Blk & Boson operator >
ALT, Vow (BL NV-const JIC8DTHC. 2545,

B(k), B*(k) kX5 Fock space T!R®D operator T, 255 5)
I , . - (5.1)
Ty = ZJB*(k)E(k)B(k)d&'

T, - -EE;;gjdkdk‘r(k K'):(- B*(k)u (k)+B(k)v @)
EERS ICOPLCOR ORI O

'E(kJ’ “k! < k
L 2 }"' '2‘[1*?’@;5'], E(kq = € (Ik)+C (ﬂ\), k <Hk‘<k
A (), k| > k,

Cl) = L [IEKDCEY 4, ol (5.2)

C) i
B 220 STy ey

TR0 REEEHA LRy x— 4 —TEEEE » - 1 KSEE. XF, K
@ﬁ%%klémglk &%&; - o
operator (5.1) ‘%“]ﬁfg@% VC@%Z)&. RO L5 % s, T, B8, ‘Y

PELLCERAED.

s = 2E(k) - (2 3 r(fk k') (u (lk)u (lk y+v? (tk)V Uk )}
. . m
T - -l—§r(k,k4){u2tk)vz(k’)+v2tk3u2(k')}
COME - (5.3)
8 = 2BE(k) - L;)Sr(k,ki)ﬁ%%% ‘%%é%%

-99-



y = 2B(k) - —2 = (K, )

an)

Rz 5.1 (5.2) O Cl) DFEEZRESTS.
o T(k,k') = y(k)y(k'). @&k%(@@ﬂﬁﬁgg
e —ROFEALRD TR 7) TRLLATKHS.

KeE 5.2 : rk,k)e§ (= TE€S)

Lemma 5.1 ByYy DA~z FAWELT, ( a

]

1, A~x2 210
NI RX—=R—=%s5 &T ). , |
i) S < 2B, , REL %=n%1um, € B,y OBFR~2
P, REEANZ PVOERBERTI 2.
ﬁ)‘5<2% & B, ¥ Oﬁ@§§50§x4&r»ﬁ§5;ﬁws
Es=0 ERNZ b3y D.

YE-T ¢ EE L,

r(k,k')
VEK)=T VETKT)-1L

LEEHELREE, KOBEEE » = Aiadpseee (>t =) RBRIRTHRE
e EFBE,

1]

(EEH ) Bp = 209 % < By TELL W

EHEFBRRy = aK(Wy Exb. BL K()s=

%EE%%O.A&E%Lkéé@s@ﬁﬁﬁézv%,
(s-2007! @ (a5 0 < By, 1 F (LRGEOKBA) THR, BB,
Z T T resolvent :@%Z{. Chbb, i) ORIERHL. o, A2 DHEH
MOBBT ) 2 bBONE. & < E) Ta S@EBEdLE, 1rEz
Lk&%,i@ﬁ@ﬁ%mAjﬁ%ﬁﬁaéttktb%ﬁsﬁk,i)@

BEZ 1) OHEBEVRE. ROV TR, 22 8% S = 0 &=

NZMAE DT ER,  (5.2) XY w=%=—f£—~€L2'&$ﬁ
e +C '
@,EWMWﬁ;%7erﬁwwwmw LEBLEB LD,
il

Bz 5.3 le@&éys@x&95W©T%%Bm&£§,

> L
= i~




i

#

e T{k,k") kivik Y 2o, CORBEREDTALZ EHTRE

-
A3

gﬂﬁﬂﬂ.1{>m,ﬁ(%v%=f &&H?@X%&}»@?%m
i,

o {5.3) #HwT, Lemma 5.1 b Wi 5.

}ﬂgggg;mws 1. HiE 5,13 @ ET T, (RAEL 2 = 1) & Theo-

rem 4.1 NHEHCTED

fim 5.2 i 5.2 ##mH, 1€T HLTET L35
Theorem $.2. & 5.1, 5.2',5.3®% 2 TT, (1 = 1} Theoren

4.2 BERTESL .

COFOE LW e 5.1, 5.3 PEBERI D TwiEr O®MH 2~

BEINThEWY, 20 k4 kK = y(B)v (k') o¥4RiE Theo-

rem 4.2 o3 18 | ﬁ”;g NA. Nk R
3= 'f;i 57'5@ ?

fr ot = T . , T T
T;x‘“‘ 1) ’(ac@}tr’s@{i} * fac‘g T:s@ZO ¥ Iac®1's@‘p

Ehb, T, MsEE s T,051) ETFRERT, B2 TRERETS
. 4 ) . . F . [
Bk 4 TOT, @ 4 Caid 2 Ty = 2[BHAOER)B(R)dk
L= Ve T, energy gap 2K, EEAA. £y TO T, & Theo-
rem 4.2 @ Hy LR, BEANS PARRD. Chb OEBITER 6
8 ko kD <k, T y0k) = const DEH DENFLE LT

l* fymina& ff’\
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o AEY, TAYV R EBOFE accessary variables O HEE
TEATHAREY.
o X# 8) THuw#k asymptotic operator LKELorHKk, 2o e
B, ERRZENOEHALTANS b e L. etc.
Appendix ACR ‘0)%%
ACR {a,a*} = 1, {a,a} = {a*,a*} = 0
sa b ¢y
efme o —nz®k () - Al.) 2rL 4- (0 L)oo sn
¥E2D. AOW TR &G
i /0 1)y
ATA' =1 RU p14 =1 fELI=(10)
1

o= (080)°U , URD =47, rEps. (A.1)

(CCR orE, BOEBEIHOIOLLMB) . CR 0 B EBR.
A properaves IDTH Ek’zi"f G, Gy “EHRINL.

,4 D real correspondence [F%kD é;kjsb :

- nAn-l _ /A B g _ls1 1
B = UAu ch BL y = D)
A = Re(e+y) , B = Im(¢o-vy)
C= -Im(o+v) , D = Re(e-y)
BR' =1 RV gg o (A.2)

Ae€GCaBer =05, AD, peces)

AECSPBEF = (B ; A=D, B=-c)

for

(A1), (A.2) % (2.1), (2.2) E<b_ThhdL5EL, CCR T
@ symplectic group ¥E X2 OEXM L, ACR TiF orthogonal group

TELLERES.
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Thecren L : -T -8\ ,a
H = =(aa*) ( )( )
: z S T  Va#®

W normal form (T€S§) %> self-adjoint (T'=-T, S*=S) T# 2 &

T5.
i) T=7T1T,85=5. ii) [S,T1€S
111)  S»p>0 ,  (S#T)(S¥T)>w>0  (u it positive const)

= '3/4’6 G, (2*) = A(E*) DLe
H = b*b + k

B, Tl o* =9, k i ;:onst.

£ 0 Berezin DEWOEHE, §5 THELARAOWETASD. ME
> Ar €62 A-vlgursnc, 3 =(§‘1 D?l) , A,D real, #¥{§
RLT, HALORMEL Ber bbb, DEED 5.

() 5576 G- ()

kL >7T .
0 -igyx '131)'1

\ 1 ’ 0 -1iA* uy -
Ll (s )0
iy 0Ay/) ° iD' TyA 0 v

EHb. T, v = S+T,8 = 5-T =y ( EHOLHENL ) Th 5.

“Lapl _opel -l

b= o

Al (za=0") E%H2XI5K A,D 8L (HA

feokt) &, (1) = u() wiox
H = %—(bb*)xcg 8)(2*) = b*qb - %-Spfz

Ehb. —F, BEF bb
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CAAT = DDY = ATA = DD o= 1 a71p7 g (A.3)

1, HELOEMEE, ¥ - A p L Y = Yy g g,

-1 7
I AT L )
A= Ty (A.4)
ERB. (A3) (A4) D2lOW |
1 L 11
a) A=Y ¢ , D=Y" P ny"{“’ (Berezin O )
1
b) Aley e, =1, e L aam0
s Y ¥t normal opevator

e Berezin WKIoD7T Y-1€§ HEEBHEIOLhTLAELL A €6

L]

a) & b) REK G, OERCIDTHE.

s B EDWTE, CCR 0LEOBOARERLIOE L.
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