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}:Fm):(;;{/kow) (2.12)
k
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BEHZTIV, Zhz (200) KEHT 5 .

2V %
=—= Pk = — ki
(277)3 ‘/’;SkF 371'2 F

BEE p= N/V 1%

_ ke
~ 3m2
765‘%_ [)th)o %Eqﬁ%@lfﬁﬂ/;\f‘— E Li
h2k? h? h2kS h2k3
—22 —2 v Prr = kR 30k
27r (27)3 2m k<kp 572 2m 5 2m

ThHs, LEFHEDDIIAF— E/NIZT 2L ITAAF—0 3/51C8 %, %7, EH P &

p_ 0B _ 3 00 (30NN 2rk
9V 52m AV I\ vV T 5 2m

127525,

2.1 p(r) & p(r Zz/}h ) TEHREING, COEREHVT, ¢ 2 (EI) DL X p =

k3 /(3 )k&é v R,

2.4 IHRIEBODO BB FITE

Hartree-Fock HH2RIZHB W T, Fock H IR T > ¥ v b)) ORWVZIFEICEMTDH 5, ZDHE
HEZ ZRET 2720, Bl 2R, JR IS 2 4 5 358120, M7 @) < %07 o FErEEEYE 2 FH LT
N TNREBKRIZOMITRLED T2, TITR, FEFCTOBEFPECKEL T, &1 - &M
Dr—ury

e2

v(r,r) = ——
]

Lae, BB P TEM LRI E IR T vy Ve KD 2, kb, BHEKDHEMSR

£ LT MKS iR T <, CGS FrERMREZ WS, HEIOTOMMMEE TR o« ZHVIUE, B

PRI S T
a he 1

n o @ne _ -
o) =T T T37.0%6

TH5,
SEE (29) 2S5 & (7L C=1/VV), ZHIEX

=3 [l o) on ) )
.

e? 1 .
= g S [ |\ ((rstert ko))

k'o’

= Vg/Qeszkzr XJZ/ d3r’
ZZTCTK OHIE K <kp TH2 K IZOWTITI, () THWTHIZESTEZHZ S

e? exp(ik-r exp(i(r’ —r !
UF(%)?,p\(/; >xa/ d3k’/d3’ p{il |T_)T,(|k D) — v ()

eXp( (k—K)-(r' — r))
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7272 L

kr
3K

exp

(r'—r)(k—kK))

UF

THb, up(k) DRERT V> ¥ M5, v OFES

r— ']

JHEBIIAE V OFETH 20, T+ REnwe L

TRZEMICT 2, £, MOZRE v —r KEZRZAZ

82

(2m)® Jo

kr
up(k) = — dgk;/l(k - K,

(v
(v
o)

exp(ir-q) =

ZEWEDIET T 5 &

1
— ?V2 exp(ir-q),

772l (g

/d3 exp ir-q)

vel_ — 47 (r)
T

1 1 1 1 47
I(q) = —— [d®r-V? - :—f/ﬁ - 22 = 2 2.1
(q) q2/ rTV exp(ir-q) e r exp(ir-q) V TP (2.13)
W50 5
22  [Fr 1
k)=— [ &K -—
) =~ o5 || ¥
THb, ke kK DRTMAEZ O L, t=cosh &FT5L
_ !
ur (k) = j/ dkk;ﬁ/)dtk2+kﬂ3 2kt
621 F 1./ ! !
__??A MkO%M+M—MM—M)
2 1 k/2_k,2 k/—f—kj k' =kp
= — — — 1 /
7T:Z€|: 2 8 k/k’+kk:|k/_0
82
=~ & ke F (k) (214)
™
772U ,
1—2z 1+
F =1 1
(z) + 2x 8 1—=x
TH5,
up lZ bk, DFD, KDEXS T3 1MFIREBIKTFET 5, 22T, 2TORBICHBORT V> ¥
NELT, ZhzEFgLzd D
kp
P d3kF(k:/l<:F) / dza®F
uF———kF 0 %
s F
/ d3k /d;m:
0 0
ZHWE S,
! 1

1/t 1+z
dea®F(z) = = + = [ dea (1—2°)1
| dr (z) 3+2/0 v ( I)Ogl—x

KO
/dx:z:(lfa:Q)log(le:c) =—

1
1 (z® - 1)210g(x+1) +

11t
:§—|—§/ drz (1—2%)log(1l+ )

-1

i/d:c (z+1)(z—1)°
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b
! 1
/ dr 2*F(z) = = (2.15)
0 2
TH5H05H )
quz-—%;ko (2.16)
127 %,

JFFCOREFEEIFZEMINCRRTIZRL » OBBTDH 203, ZRZE(LAER 2 TEMDOEZRT
JAFTHIC 7 = )V I kp DERTE D LT 5, T2 RBAABEIRL(local density approximation )
EWS, p=ki/(3m?) THE05H

™

up(r) = — g e’ (3 P(T)> 1/3

W25, N—=r )=+ T3y 7 FBRNIETF (B +Ze ) D7 —a v 1 2EET DL

(— h—2V2 - Z762 +un(r) + UF(T)) Yu(r) = en Yn(r)

2m

=L

wn(r) = ¢ [ 2L ) = S ul ) vn(e)
7 h

TH2d, The/N—hr)—+Txwvd - AL—F—AEBRK LWV,
(EI8) X = AV¥ — Eur #Z70 LTHE O N REIEZ SFHE Cilffi L7ze Eyr OREUH, T4
Db

1 1 1
z E T == E M) p(2) W p2y _ = E D) p(2) ') p2)
2 Vhh' hh! = ) <h h ‘7}(1,2)|h h > D) <h h |’U(1,2)|h h >

hh' hh' hh'

DI 2 F R TEEIETRD ZOBTEDT 3 &, fHIE (EI0) 213 3/2 FIRED

2(ip ) (2.17)

2785, NITRAX—K a ZHALT

uﬂﬂa¥(3Mﬂyw, am1~3/2

™

ELERTZHBET 2 L9512 a ZHHiT2FEL XalEL VI,
2.2 (Zm) 2k 5, fliEHDOLD
(@M P 0(1,2) |’ DR = (af]v o)

r#, v 3BT BEFHOr —u Y TH %, (EI3), (), (2I8) 2T EW,
1. Byr OREIHICHN 21THIEZR (ko k'o’|v|k' o’ ko) D3

4mre? 1

<k0’, k,O'/| v |k/0'/,k0'> = 60’0” ?m

12723 2 8 Z2mrRt,
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2. HifE OFERD &

1 ‘s 3 (3\"° 2 4/3
— !
Eex:*i Z Z(kza,kavkz’a,k0>4<ﬂ> e p*By
|k|<kp |k'|<kp o0’
e,
3. p*BV I

Py = /d3r /3

THEHD, EE p 2 r OB p(r) DEEICDH, HAaRBFIT IVIEMTHD IO T
2, HEWRED 1D |h) OEDEREZ 5, ZHTREEBE ¢, & ¢l 13HIcHk-
TEWe ¢f % ol BULBLE R L X, By DEAL 6Be 1

§Eu = / dr 8 () s () ()

ERED, up ZRD X,

25 TavIDTER

BRI D ZARMEZRS5E, V1 v 7 OEBIZIFEICHENZERITR S,

ARNEAE T HBREETFOEEBEOE ABC - Z #E 2%, I XTOHBEAEFIIXRTOE
RIHEF DEICL 2 LS WCHREZLMEEZ S, ZOWMMPRIID AB---Z hoAERTHELN
2%,EE -1, MEHRR O +1 05 2T %, ZHhZIERIR ( normal product ) & WV

CABC---Z: %71& N(ABC-- Z)

THT,
AR HREE FIEI DX REEEEZ 20 TEDD 5%, KKDEZE |0) DL ZiE, TXT
D allMLTa, VEREEFTH 2, LichioT, AlzIE

. T - T
. a;r)ahah/ap/ L= a;ahah/ap/

THb, —7, HF BEIREE | ) 2EZZr U TRA LRSS, (20) TEFE L b, b 234K - HRHE
Brchahs

:a;ga};ah/ap/ = b;gbhb:b,bp/ = = bLbL,bhbp/ = — a;gah/a;rlap/

THb,

—iz, BZE% |vac), HIREE T%2 c L35 %, ERBESHBEETFZ 1 2THE0RHIE
ceclvac) =0 TH2, £, BLEFRVEER (vac|cl - =0TH 2, WFIITL 5, IEHED
HZEWIRHEIZ 0 TH %,

#8%9 ( contraction ) AB %z

AB::AB:—i—fTB

TEHET 2, AB & : AB: D% AB BHTH 255, HIWHEE ( ) TRT L IcT oL

(AB) = (: AB :) + AB (vac|vac) = AB
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TERNFE I ETH 5, KR

tCacgiF{cacs) =cacg+0=rcqcp, :CLCLZ+<CLCL>=CLCL+O:CLCL
SCLC[gZ+<CLC,3>:CLCQ+OZCLC[3, :cac;:+<cac;3>f—cﬂc(,+5a5fcac£

TH5,

T4y IDEE FEOER - WRERETOM ABC - Z 1%, \IREZ 2T DMK % & & IEHR
1 1
ABC---Z= :AB---Z:+:ABC---Z:4+:ABC---Z :+---
o — ]
+:ABCDE---Z:+:ABCDE---Z :+---
o1 1
+:ABCDEFG---Z :4---

WEFTE 2, KL, M2 ERE» IO s e &, MY 2 2 D DEE T ORI AT LUE D H
BYMRH258103 - o522, Al

1 1 1 1
:ABC---Z:=—-—AC:B---Z:, :ABCD---Z:=AD:BC---Z:
] o M
:ABCDFE---Z:=—-AC:BDE---Z:=—ACBD:E---Z:

TH b,
SEER 2 DML AN DOERTH 205, 3 ODEEEZ %,

i [ 1
ABC = : ABC : +: ABC : +: ABC : +: ABC :
= :ABC : 4+ (AB)C — (AC)B + (BC)A (2.18)

BT L BRT. 20 OBICMIREE T co #MA 558, AFEICHET A CH LT (Acy) =
0 THsdH25

ABey = (1 AB: + (AB))co = : ABeq : + (AB) ca
= : ABcy t + (AB) co — (Aca) B + (Bea)A
L7dio T, (EEI8) 3D 10, of, Mz 258
Bel, = : Bcl, : 4+ (Bcl) = — ¢! B + (Bc})
THEPL
ABel, = — Ac\B + A(Bcl) = (= cL A+ (Ac}) ) B+ A(Bcl) = cf AB — (Act) B + A(Bc})
AB=:AB:+(AB), ¢l : AB:=:ABcl : TH 205

ABc! = : ABcl, : + (AB) ¢l — (Acl)B + A(Bcl)

27 D (EI8) Bk D 70, LUFREIC LT, —C n HOBOEE S Y 4 v 7 OFEBEHHKD 115 2
RN S,
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U4y 7 OEMEMS X RBID»OE—DIERBICH 2HBETFOMNIETTHFLG LRVDOTEZR

Vo B2
A:BC:=A(BC - (BC))
(L 1 1
=:ABC :+:ABC :4+:ABC:+: ABC: — A(BC)
1 1
=:ABC:+:ABC:+: ABC:
THD, BC EZE5 L,
HZEr LTHF AR | ) 2F X%, V4 v 70 ZES &

Tt

(03

alalagay =:alala --|—~’JV—VJr D4 C 4 ToT .
als B Aa’ : 8 5/0,0/ : : aaaﬁ aﬁ/aa/ : : aaaﬁag/ Ao’ - : aaaﬁaﬁ,aa, :

ry ]
+: a&aga/y Ao’ :+: ala};aﬂfaaz HE ala;aﬁfaa/ :

t t 1]

[Ty 71
+: a&ag agQqr :+: alaﬂaﬂ/aa/ P a,a508 G0

(labal] ) = {Jacas] ) =0 TH 255

aLa};alglaa/ =: aLaga[g/aa/ c—{ lalag| ) : a}aaa/ c (alaa] ) : a}aaﬁ’ :

+ (labap| ) : ahag : —{ |ahae| ) : alag
i i AN, i
+ (labag | ) lahaw!| ) = (labao| ){ lahag] )

12755,

1 _
V}es = Z Z ’l)aﬁ o’ B’ N ala};aﬁfaa, :
aﬁalﬁl

EBE v ORMIMERT (233) 25 &

(2.19)

1 _ _ 1
1 2 Tepas ahabagaa = 37 Tagas (< labag| ) : abaar : + (labag | )( lahan| >)+vres

afa’ B’ afBa’ B’

_ 1
= D Tagas << abas| ) ahaw — 5 ( labag | ){ lafaa| >)+vres

aBa’ B’
_ t I —_
= E Uaha'h gla’ = 5 E Uhh' hiv + Vzes
«Bh hh

COfERe (E3) o, NIV =TV (E2) 1F

H = Z (toza’ + Ziah a’h) G/Lao/ - %Zihh’ hh' + V}es
h

ao’ hh'

1
= Z<a|hHF|O/> alan — 3 Z@hh' hh' + Vies
ao’ hh'

W25, 1R FREDAN=FV — - 74 v 27 5EX (@B 2325613
1
H = za:eaalaa -3 ;ﬂhw hht + Vies = zo;ea talay : + Vies + Enr

THhb, () Db ZFES &

26“ : aLaa T = Zep : b;bp : —|—Zeh : bhbjl D= Zepb;f)bp — Zehbzbh
« P h p h

(2.20)
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TH5056
Zea:a:;aa:H:O

77, Vies WU < afial, anan - = bl b0, L VSTHEDB B Vi ) 0 TH Do LD 5T, Vi
Z T AU
H|)= Eur|)

Thh, HF HEKEIEZ H OEEREICR D EAHEIX (E8) O Bgrp THD, N—hb)—-Tx v 7
ERUNE Vies I T 2LBITH 5, Vies ZFREMBEEER ( residual interaction ) £\ 95,

2.6 AEBREMERAODE

WHEMEAER (19) 1281 2 BRI, HF RERRELZEHEY LG TH 500 (2) TERL
7o b, BEBEE IR S, THEHAWVT Vi, KT o Uapap DRTFERT & 22T, 2240
ZEME(k=0~4)30HoIcEeddL

‘/;"es:VO+V1+‘/Y2+Vv3+VZL
=72 L
V—V—1 T /I'CLTaJra/af'—1 T bt bbb
pp = V0 = p1p2p1ph * Ay Opa App Apt - T Y p1p2 P1P5 Up1 Vp2 Vs Vp)
I bt A b oot
Vin = Vi = 1 E Uhaha by by * Gy Ohy 0ROy 5= E Uhyha 1y 1y Opy Opy Oy by
o)
V*1 7, //'aTaTa/a/'+ﬁ cooval al ayay
1= 4 hip1pipy + YRy %p  Yp5Ypy - prhapipy + Yp1Yh OpyYpy
—+ v //'aTaTa/a/'Jri //'aTaTa/a/'
p1p2h1p1 Cp1 Tp2 TPy h1 ° p1p2p1h1 P11 P2 hl Py

1
il 5 . — 1T . - .
2 E :(Uplhl piph * Opy Opy Opl Opl = Uplipl priy * Gy Gy Gy Gy

1 3 it i
—— = . L . T .
Vo = 1 (Uh1h2 piph Qg g Gt Gt 2 Dpypy hlpt @ Gy Gy Gyl A

o Tt 4T .- .
+ Uhypy pih!, © Opy, Qp QR Opl 2+ Upihy bt pt 2 Gy G Gt Gt

T cal af 4T cal o :
T Upahapihy © Oy Oy @04 Oy =+ Upapa by + O, O, Oy Oy -

_ § = Lot T .
- Upihy hipy * Gp, Ap, Api QR -
'S~ (» ol — t gt
+ - Uhihy pipe + @p, Qp,Apy Apy - + Upyps hahs Ap, Qpo Ahy Ahy -
4

1
A = . - LT R . .
V3 = 42 (’l}plhl h/lh/2 .aplahlah/zah/l 4+ vhlpl h/1h/2 .ahlaplah/zah/l :

I - S - .
F Uhyhy pl bt & Opy, Qp, Ok Opt 2+ Uhy by Byp, & Gy, O, Gpt QR

'S~ (5 i - t oot
= 3 Z (vplhl hihY a;glahlahéah/l S Unt R, piby Ay Qg Qhy Oy :)
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TH2, Vo 22 HELT (Vo TiE by & B ZANBEZRF 1 2R )
Von = Zﬁph’ hp' : U«Z,Clj;/ap/ah = Z@ph/ hp' * b;bh/bp/b;rl L= Zﬁph/ hp' b;b;bh/bp/
'S (5 t ool 5 i
W = 1 Z (vh1h2 pips  Qpy Qo Opolpy &+ Upyipy hahy Gy, Gy, Ghy Ghy :)
1 _ _
= Z Z (Uhth p1p2 bhl bhzb;ﬂzb}m + Upyps hihso bl;l b22b22b21>
55, ¥,V 8 3 BEDLET
1
_ _ = . T LT Lot .
W=Vi+Vs= 3 Z (vplhl piph a;;lahlapéaprl o Upipy pahy ¢ Gy Gy Gny Op,
T o catd anar T calal :
prhyhihy - Qpy &py Ghy Ghy hihy prhy * Qps Qpy Qhy Qpy
1 T o Tt gt
= 5 Z ('Umhl P1Py b;rn bhlbp/sz/l + Up! p} prha bp’l bpébhl bp1
Ty i, Oy Bl Bl s+ T g s B, By g )
1
_ = = Topt
= 3 2 (Toun pirs B, b b by, + T g 0, Bl bl by + ()

Y¥ %, (he) ZTAI— MERTHS, e sr

Vies = Vop + Vi + Vo + W + (2.21)
772 L
Vop = i ZEPIPZ PipPy b;lbzb by, by (2.22)
Van = %Z@hlh,‘, Wy bz,zbjl,l b, bn, (2.23)
Voh = > Tpht np bybbarbyy (2.24)
W= i Z (mlhg p1pz OhaOhabpsbpy + Upyps hyhs bleLbLszl) (2.25)
= %Z (ou i B b bogbys + Ty g B b, bl b + () (2.26)

TH 20 Vies DEGRITDHBER X4 Y277 A TRT, NREZ B 0K, Z2{IKEZ T
DRENITERL, v & o TKT,

P1 p2 R hy  h P P1 Ry hhy pr
hi p1 p2 ho
hi P1 P2 hy
P 5 hy ha P’ n \W P Py hy
Vpp th Vph VV VY @% 1 IE VY @% 2 IE

Vop EHRLF pl, phy ZIHES T, KiF p1, po ZEXT 2R FRFOHETHZ, Zhexf v
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FLATEHETIRORLEKICKR S (KX T2 RcH ), oHEbFEMICL T

op ALK HGEL Vi @ 2222 FLEEL Von + B ZEFLALEL
VW @ 2 DR T 2250t DA AR« THIRK
Vv @ BLFH B W ZEFLEEL ISR S R 22 FLR D A AR - THIR

TH b6 Vaparp D7 7D ZIKE o, B1F o HHTITLAINS, 7y MINZH 2 1KEE o/, B/ 1%
A2 TRBGANTKAZGI T2k 2, 72720, KRB B &, ZZfLREBIZ T A & D RHIT
H5,

v RN RI L 7 ATHIE SR

Taparp = (@D BP]u(1,2)|o/D P — (oM P 0(1,2) |8V a’?)
THb, v(1,2) & 1----2 TERIL, IR
Vo = Z@ph/ hp! b;‘)b};bh/bp,
= 30 (@R 1001,2) ) — OR O] (1,2) [ B ) bbbty

WBWT, E1EHTE p, hiZKF 1, p, M 3N F2ORETHD, 5E2HTIE p, p 3IHTF 1, h,
R ZHT 2 DIRETH 205

h P h
_____ 2 ) > - <
p h p/ hl

L RE D, RF-ZALBELCIE, B2 AL O AR - IHIRAEE Z 258 1 TH &, B & 22 FLOYEGEL 5 %
H2HENH L, OHED v(1,2) EHVERA Y7 L TRE S,

BEEREMERB HF EERE | ) ST 2 Vs OMRZEEFGwHTH S, NIV =TV H I

1
H = Hoy + Vies s Hy = Z €0l — 3 Zﬁhh/ %

[

THb, |)
Ho| ) = Burl| )
Ziiti7 5o
Hoal, — al Hy = 265 (a;aBaT —af aﬁag) 265 ( dap — aﬁaT ag — aj a;aﬁ) €all,
B B
Ihoxn I — MERE v
Hyay — agHy = — €qaq

ThHd, LhoT

Hoalag = (eqal, + al Ho) ag = eaalas + al, (—egas + agHo) = (o — €5) alag + alagHo
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o
H, a;rjah| ) = (¢p — €n + Eur) a;r,ah| )

LKL+ 1 Z2fLIREE afan| ) 1& Hy DEFRECEAMEIE ¢, —en + Bup, 2F D, IETILF—IZ
€p —€n, TH DB, —MIZ, n BT - m 22K Hy DEHIREE

Hoal --al ap, - -ap,|)= (Zepi _Zehi +EHF> al, ---al ap, ---an,|)
i=1 i=1
TH 2,
BEFERT L |) X

1
D= (14— Vaes o
) ( e >|>

127256 bol ) =0 & D, Vies Thy Z 1 DTHECEHDEAHFG LRV, Lo T, Vy OF2IHH

1 1
_ toat _
1 Z Tpipa haha O}, 08, bj, by, = 1 Z Tpipa haha G5, 45, GhyGh,

EORFET 2, Thnrs

- 1 _ 1
)= (1'%zijgzlﬁnpzhlhzggHF‘_,fﬂ)allaLQGhzahl—+---) B
1272 %,
(EHF B HO) aj’laL?ahzahJ > == (61)1 + €py — €hy — €h2) a;r71a';)2ah2ah1| >
b
éaTaTathH:_ ! al al ap,an,|)
EHF _ HO P17Pp2 2 1 6171 +€p2 — €h, — €n, P17 P2 2 1
THH305H
N = L Upips hihs tot
| >_| > 426p1+6p2_6h1—6h2 aPlaiﬂzah2ah1| >+

FEFCRAIE 2 KT - 2 Z2FLIRIEASIRE D 2, alay| ) =0 TH B alay| ) #0 TH 2, 7243
HIZIERT 5,
LALF - 1 Z2fLIRRE afan] ) IRIRE S0, ZHUI |a) A3 HF R

(¢ +unr ) o) = eala)
BT IO THE, WEBAETF Y vl uy DEEIRE |p)

(¢4 ) I} = eul )
EEZ B, |p) CHIET BEMBHTFE |, L L

) =cleb--clylo)
Y5, |p) HHF FERAEEESIRVEETD

1 _ 1 _
H=> (pulhur|p') cfiew — 5 > Onnnnr + Viess  Vies = 1 > Buwpn : chelene
! hh' pvp' v’
THb, Au=upr —uUg £ 328 hyrp=t+ug+Au THBEH05

I
H= ZENCLCH 3 Z'Uhh’hh’ +H', H' = Z<M|AU|MI>0LCM + Vies
@ hh' !
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H' I3 f8ENIHIC2 5o

H'|) = "(plAulhy chen] ) + Vies| ), |) =clel-cl]0)
ph

THEDE Au#£07%51E ") IIF LRT - 1 ZLIREDIEX 3,

2.7 EETH
ZARRDIREE |U) 12X LT
o = () = (9] che, 1)
% BE1TY) ( density matrix ) ¥\ 5, T I T |u), |v) LR 1N TIREDERR, o 36T 5
AREEFTH 5, —REET
F= Z fuv CLC,,
n%

<\I/|F|\I/> = qul/<\1/‘clcu|\p> = Zf;wpuu = Tr(fp)
pv n7

tREDL, Tr 1T ONAEZDON, VL —ATH 5,
|¥) ¥ LT HF £KIKEE | ) & %2

wlplvy=(|chea 1), 1) =alal---aly|0)

3%, ARz X 51T, HF BERD 1 i FIREZ o, 3 TRL, R TIRERIX p, p' T, 2%1L
KRB h, B/ TXHIT %3, HF HERTRO—ROFEEZRDIREIX 4, v TRT,

) = la){alu)

B gl))
=Y Molu)

[

THd, (3B) =25

(ul plv) =D {alv)(ulB)( lakag | ) =D (ulh)(hly)

af h

ok-3)

p=_Inh
h

*EIT S,
p7 = |Y(hIP YR = k) Sune (W] =
hh' hh'
BT, ZHURIREE |[U) A —D 2L — X — (TR THRENS L TR o, p OEHE(MIE
01 TH3, EB

1, hole states
play =D k) (hla) = bala),  ba= {

n 0, particle states
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THH, HF BER D 1 K FIREEIX p DEIHIRETDH %,
NINVM=ZT VY HECS c TRbOL, Vs vy 70EHEHFS &

H = Z tuy chl,

1
+ Z Tpqp'q' ( e cTc,/cM c(ehen] ) CLCH/ : —|—§< lcheu| ) |chM/| >>

pvp'v’

ThHd, LIEhoT

Eur = (|H|) th |c el ) —l—f Z Ty { ], cl,|><|chH/|>

,u,l/p, 7

= Z t/“, pl/pb + 5 Z Euyulul Pv'v pulu (227)
" pvp v
1
=Tr(tp)+ 5T Tra (0p(1) p(2)) (2.28)

rEFSZ, B2EEHDOHEFL 2 BRTF L 2ICOVWTEREAIN L —RAEZWMB L2 EKRT 2, &
DFERIE 1K TREORERIKS 5, HEL LT HF REREAVS L pog = Oa dap P HIE
B2 (@A) HRE B,

HF SEIRRER T3 L ¥ — (08) R /MNCT 2 p 2 52 2 R8BL LTERT 2, |) 2E0 TS
pIENT 2, ZEZTPpD p=po O p=pg+0p 27072 ZTD Eyrp DELEZRD K5, M
‘F'Cc;t IR FIRREDRIER © LT po BRAMNICHK 2 HF BEREZH WS, £, p0+6p DAL —

2 — 1T DEETHTH 205

(o +6p)* = po + 0p
TH2, ) DIRXRETL DL
8p=podp+0ppo, i.e. dpap=0a0pas+0pasls = (0a+03)pas (2.29)

0pap £ 0 CHBDIIE o+ 05 =1, DFED 0, =1,05 =0 72120, =0,05 =1 TH Y, 5p &
I ZEALRS 6pon, Spny LUINE 0 TH 2,

0E = Bur [po+6p] — Bur [po] =Y hldolap 0pga + -+ = Z(h[ﬁo]ph pnp + hpolnp 5Pph) +
af ph
7272 L OF
h D aB = HE = ta —+ @aa/ ’ ‘o
[plap e 5 QZ‘; BB PB
TZE'D, P =po D xE PBa Zeaéaﬂ TH5Hh5H
hlpolap = tas + Y Tansn = (| hur |8) (2.30)

h

[ERED Spny, dppn 123 LT 6F — 0 T 5 7201213, hye ORI TR
hpn = (p[hurp|h) =0 (2.31)

THFIURR SRV ZORME hue ORLTRTFR & 2L 2RI OS5 2 00
B, THEY TR LR FREORERE ~BWCIRETE RV, 22T, EoRMFEiHZ TR
KBETH S
{af hur |6) = €a dap
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PHEET D, ZHEANA—FY— - T3 v 7 HFERME S0,
AT
(a|[huF , pol|B) = {(a| (hur po — po hur) |B) = (05 — ba) (o] hur |B)
THBh 5, LlF ([E3D) RO T TIEED |a), |8) 1B LT (of[hur, pol|8) =0 TH3. L
55T, (E530) &
[huF, po] =0 (2.32)

Y*RIETH B,

(E30) I2BWT Egr W55 8 &, HEMEH v 28 p ITHKIEL R W I & R IEBICRE L2208, %
EATHNC & % HF AREXOENIIEEREFNHAEEHOLEICHHEHATE 3, v=1p DHE

0FEur _ 1 ot
hog = =1, o — hh' hh'
= pme s+ T nph g > ‘8p al )

THBHE, 2N% (o|hur|B) T3 har ZHRATHIE I,

LR FIREBOM/ N e LT Lo ZRE 5o 1 R TIRIE o) PB/NZLL T
@) + ) dap1B)
BFa
ot B. DT dop BBUNETH B, ZHUSKIST 5 EREE T1E
el =al + Zda[ga;
BF#a
THH20, AL—2—1THAEd D1IRETERD L

|\IJ>ch{-~-c}LV|O>:a]{---aMO)+Zd15a;a;-~-a§v|0>+Zd23aiaga§-~-a3\,|0>+---
B#1 B#2

N
=af---al|0)+) Y digal---al_alal,, - a]0)
i=1 B#£i

Kh B, B=1,2,,i—1i+1,--- N OBE

aJ{ ’ -~af-71a2a3+1 o a;(\,
X (a2 ZEOPOHFGE LRV, Lo T B RRTFREICOVWTHZ LU X Ve F72 0,]0) =
0&b
aialal,, -al|0) = (1—dla;) al,, --ali0) = al,, ---aly]0)
THEHh5

al ---al_yafaly,-ali0) = al--al jafasalaly, - aly0)

k#i DY Eal & ala BRWT 205

aI.‘.aI_laLaj+1..«ajV‘O> :a};;aia-'l-'n.ajv‘0>

THd, [IFRFIRE, i ZRANRETH2056, 2hzhp h b EZHZID L

©) =)+ dipafan ), |)=al---al]0)
ph
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b\‘:z’;éo ‘I‘Z\‘}I/# HH 'f

(OIH|W) = (|H| )+ dny (|Hafan] )+ dy, (|aha,H] )
ph ph

EREDOWINZEA dpy 10 LTI F — BARHEDME R EIC 72 2 729121
(lafa,H|) =0

THbd, ZOFMF (E=3D) 1l 570,

2.3 (2) D H % (|ala,H|) KRAT 2L

1 _
(lafapH| ) =D toor{ laapalan|) + 7 D Tapars( lafapalafagan )

aa’ afa’p’

TH 5. (|a)apalan|) BT (|alapalapan|) 27 4 v 7 OFEMMZHEA LTRD

(labapH|) = ton + Y Tpnww = (p|hur | )
h/

N,

2.8 N—=hrU— Ty IFERANERICHRRITZRE

N=bt VY= T 5 7 HFEBADBHINCHET 2B 2S5, N EICHHER U7 1R FIREED 2 SH
HEZRERERD, TREND LHFIAINLF—% +/2 L L, | KFREOEREETZ L, (

m=1,2,---  N)TRS, "INV IF=7 > Hy i
1 N
_ _ i T
Hy =¢eKy, Ky = img,l (c+mc+m—cfmc,m)

THb, FBELRUNTHOREIEWRS 22T 2, TORICROHEEEH

N
1%
[mV:—EQQK;+K;KJ, K+:g;ﬂmam, K_ =Kl = §:c

PHER LB, ~A— kU= 7o o ZEMEFT 5. Ky & VRITIREE | +m) & | —m) 2126

U2 %256, HFL K FIREEEZ D 2 20 ETH 5 & LT, EREHAE T %
G’T =D C m T D+0 c+m ) aT =D CT—m + D+1 Cz—m

Om — im —

YF B, |0m) A [1m) kD ZHF—AEVIREE L THUL, HF HEREE | ) 13

N
=[] anl0)
m=1
TH 3, at, a DRI ED» S
{ad s aom} = |D_o> +|Dso|* =1
{al,, aim} = |D_1]* + Dy P =1

{a;r)m y Alm } = D—OD*_I + D+0Dj;_1 =0

(2.33)

(2.34)
(2.35)

(2.36)



2 N—=htU—=-THvTihaMl 26

Dil - - D+0D11/D,0 %‘f (IZ:E'H) &:'szj\j—é t

D 2
(|D+§|2+1)|D+1I2=1, IAmS [Dy|=|Doof,  |Doa| =Dyl

Th2, (E33) %, cl,, ICOVWTHL L
cim =K (D+1 agm — D4y aim) , clm =K (D_o aim —D_4 agm) (2.37)

7272 L
! W =1
R = R K| =
DD o —DyoD

(233), (233), (230) 2 21 |k 72 =1 Z"E 5,

HF 522X  ain|)=0,4),|)=0 K% (£32) &b
(lehmerml ) = EPID P( lafnaom| ) = 1D50*,  (lelem| ) = 1Dsal* = Do)

ThHLE2HH

|Dyol> = [D—of*  |Dyol® = [D_o|?
([Kol) =" 5 = 5 N

Iz, Wick DM 2> &

< ‘K+K+| > = Z< |CT+mC_mCE_m/C_7n/‘ >

mm/

=3 (Clehmeml el el ) = Clelemm M Il ueml )

(2=33) & b

< |Cir&-mc—m" > = 7D—1Dil§mm’ = q*(;mm’ 3 q=— D*_1D+1 (238)
TH3H05H

(|KiKi|)=(¢")?(N*=N), (|K-K_|)=¢*(N°-N)
Lo T

_K(NZ_N) (q*2+q2)

eN
Eyp = (|H| )= — (|D+0|2 — Do) 5

( ) Iz D+1 %i))”' |D+1|2 |D ()|2 %{ﬁj e
q=D>4Dyo

W23, Th%E Eur WIRAT % & FEur & Dyg 7P TERE S,
|ID_o|? + |Dyo|> =1 OREEMEEZERL T

E' = Enr — )\N<|D—0|2 + |D+0|2)

DENEEZ D, DY DI B LT D THmIT 3L

OF' eN
D= 7D_O —V(N?>=N)gDyog—AND_¢=0
—0
OF' eN

3p = 5 Pro—V(N*=N)g'Dg=ANDyo =0
+0
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Ihnrs

M(D_O>:/\<D_O>, L M:<_1/2 _Xq>, x=-(N-1) (239

Do €\ Dio —xq* 1/2

Cﬂl: DiO %75)0‘} |.l)7()|2 = |D+1|2 5 Di0D+0 = —D+1Dt1 %'f§5 Z

wl o Y _A( pu
- D%, e\ —-Db4,

D_ D_

u L) _ A 1
Dy e\ Dy

Dyo DEEMHE Ne TH2 M DEH XY FAVIRBIE, Dy 3 EEMHE —Ne DEHRY M IR 5,
det(M — \/e) =0 2 & EHEIX

BRIz & D WREF R

1
N =¢’ <4 + X2|Q|2>

Ed

B Do+ |Dyo2=1 &b

D2 (A —¢/2)? B (A —¢/2)2 _A—g/2
[D—of” = A—¢e/2)2+e2x2|q]2 (A —¢g/2)2+ A2 —¢e2/4 2

g BEZONIUINDTRED Dyg DREZD, qld ¢q=D* Do THE2H0 0, q 52 5121& Dig
DBHHITRINIZR SR, Lo T, HOMEERICH S BEDR D 5, iteration D n[EIHD g D

H% q, & FT5L
X4y ID_of2 = — EX
An —€/2 2\n

Dio BIIAF—DENHDRTHE7 6 Ay = — e/ X2tmE + 1/4 TH B, Zhhb

dn+1 = DioDJro = 70|

X dn (2.40)

Gny1 = ——————
" V14+4x2|gnl?

2755, HOHEEICH L3O LXOMIRIE ¢ KD 22 TH 5, MRMHEIEZ

_ X4
V14 42ql?
&b
0, EE®Dy 2 _1
&= , REL g =YX (2.41)
?, x>10%a 2x
VC\%%O qzo@i%/ﬁ\
€
A=—-, Do=1, Dig=0

2
o, =2 -1)/(4P) DL E

€ +1 —1 +1, ¢>00D %
A=—2 D= X Dio=n /X, 9=
2 2x 2x -1, g<0ODt %
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HF BOZREM  (221) ® ¢ I8V T

N
Eygp = 67(|D+0|2 — Do) = x (¢"* + q2))
RIS 72 5 DR/ L IR 57500, [gf? = |Doof21 Dol = [D—of2 (1 — |D_o?) &b

1+ /T—4[g]?

|D_0|2 = 2

THBN, q=0DL % D o|=1TH2H5

|D_o|* = L+ V1= dgP |Dol* = 1= V1= dgf
- 2

: 2
LMo T N
Enp = —% (\/1 —AlgP +x ("2 + q2)> (2.42)

INEEL & HF &F (39) iAW TwRWY, Img =0 OHE

dEHF 1 dQEHF 1
=2Nq| —/—m—= — , ——— =2N| ———aps —
dgq K <\/1 —4¢? X) dg? 14y *

THBHS () i’z T ¢ T Eup EHHICAR S, LAL

d?Fur
dg?

=2eN(1—-x)
q=0

THE2HhH x>1DLE qg=0T Egrp BMRICHRZ, —H ¢ =x>—1)/(4x*) Ti&

dzEHF
dg?

=2eNy (X2 — 1)

THEHNE x> 1 DFEMNIE S,
Imqg=0 O%HE Egr % ¢ OB LTRIRT 22 TRIO X512k 5, MRS &R A 7
i

eN 1-—2¢°

f(Q):*7T4qz

d? Eyr 1
—2N|[—r
dg? : (1—4¢2)? T

x| >1 D2 & ¢=0Tlid d®Fur/d¢> >0 XRHBUNTHZ0 5 ¢=0 FHEEETH %,

VG@%O Req:O }Z‘ﬂ_ék

X= 00 05 1.01.21.7
w
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HF BOUENE  #EY7% q 25 2 Tkt (ozm) 2/ < & (22D) 1IPRT % 2 IEBR 5 RV, g, =
rpetn ¥ ¥ %Y (z20) &b

X

Tpgl = —F———o—T Ont1 = = (-
" T+a22 "

VC‘\%%O an:1/7'72l \’C\\iéj—t

1 42 1 42
Uny1 = —5 G +4, 2% D an+1—X:(an— X )
X X° =

21 32 -1
N B2
1 1 ( 1) x2-—1
an — — = aw——=), =
T a2 X 2x
L7=23oT ,
r2*q2 X"
n XXQn_1+q>2</rg
n — oo TlX
9 0 0, 2<1
Ty — ’ qn — n
n C])Q( qxe(—l) 190’ X2>1

x> 1 DG, Imgy # 0 & LTRL &, |g,| 1& (220) OMFRIE ¢, (TR T 255, ¢, 1& g e &
qy e~ DREATE KL FEM FosUIZPCR L, Eilh o R X € 2120 (220) ofkb b

12, Bl ZX
X G,

1 = (1= a) V144 an]?
ZEZ%, Zoitd (zzm) & [ UMREICIORT 52, TRIcHt (220) © ¢, ZEHRT, a =
03 & L7 (I23) D ¢, ZHHTHOMRL 7z, HFRIE (E22) D Eyp D—EIZR2FEGMTDH %,
FRROIRIE NI L OGERD SHMETZ 5, (243) D g, 13 (220) OFFREIZIN S %, Hartree-Fock
FREXZHEG R CH OREA IR & &, (223) L PO EEEMBEOICRMEZ E L7z b &
FT2720HVE D 5,

+aqn, 0<a<l1 (2.43)

Imgq,

Regn



2 N—FkU—-TxvIEM

30

[ )
x =0.5 \‘
0.1 \

75
0.0

s o, v,Ax‘
Y ‘1
0 /’

0.1 0.2 0.3 0.4 0.5
Regq,

2.4 H=Hy+ Hy % o, a OIEFHBICHR L, HF 3 (2239) 2Rk 3,
1. (538) IKHFEE LT Wick OB E2HEHT % &

Vv
— oot
Hing = 5 Z €l Comc 4+ (hec.)

eN
=: Hip : + 7)( (q2 + q*2) - 5)(2 (q*ClmC_m + qCT—mC"rm)

WKh2BZekRRpE, 2ZT: Fa, o CETZ2ERBETH 2,
2. 1. DFERD S

eN N
H:H0+Hint:HHF+:Hint:+7X(q2+q %)

5% Hyp &

Com
HHF:€Z(CT—m Cim)M< )

C+m
EREDIBRE, LU M IZ(39) TERLZATITD %,
3. (Z37) &

Dy —Dy >

(L hm) =r(aly al,,)D, D=
+ 0m “1m —D+0 D,

¥R¥5, DD'=D'D=1 %34, EX% Hyp KKRAT S L

Hup =Y (af,, di,, ) DMD! ( dom )

A1m

ThHb, DMD' 5x0f{t§ 2 X 52475 D 2k 3, Zhn s HF FER (2239) 2

MDD Z 'R,
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31 &L-4vI7HER

ZHRRDNEREEZEZ 2, HEREBEZN=F ) — - 71 v 7OEKREE T2, A3
hEE I ZEFLIREE | h) DR F DK FIREE |p) WCEB T I TH 2 ( v VFEH O 7R F i fMo
ZEfLRBRICIZER T E RV ), Z ORI HF BEIREICILS —2 b TR T2 —2 b - 724K
HETH % H» 5 one-particle one-hole ( 1plh ) IKEEE WS, —f%ITiX 2p2h, 3p3h, -+ BEZ SN D
23, RIS = L F — DARBBICBRE 34U, 2p2h, 3p3h, - FHEEEHLTH X225, 22 TE
R DINEIREE |N) %=

) =" X, ahan] ) (3.1)
ph

YL, HIN=E\) £%3 &R X LEHMEE ZRDILVDIFED, THUZERICIER D L
TV, T ZTHREZHED LS, (BD) &, REBZEMZ afay| ) CHIRL T, BIEIRE (\) 2B L7
bDTH5, Lo T, ZTOFWHEMNTHN) =E|N) BROIUDZ R EFET 2, 2D

(lahapH|N) = E( | a}a,|A)
Ths, B0) 2RAL (220) OEFRIE Eyr ZHAICBIET 5 &

Z( |a}:apHa;,ahr | ) Xprn = hw Z( |a};apa;2,ah/ | )X pns s fw = E — Enr (3.2)

p’ h' P’ h!

25, ZZT

1 _
H=Hy+ Vs, Hp= ;Ea : aLaa iy Vies = 1 BZ/B/ TaBa/p - aLaTﬁa/yaa/ : (3.3)
apo

VC\% éo
WiH 0> 7=, HF ECHRAETORIFHE (|| ) % () TR,

(afal) = (aaag) =0 (o, BIMER ),  (ahay) =0 (pIKLTF, hIZZEFLIRIE )
THINHTV 4y 7 DEHEMES &
=
(ahapayan ) = (aapal,an) = (afan) (apay,) = Gnndpy

IERE O BZIARHEK 0 K P IEMBEF OHE 7 OMEHIEF 5 LR nh s

s 1y ]
(a;rbap calag aL,ah/> = <aILap s alag a;r?,ah/ )+ (a;rlap calag a;/ah/>

= - 6ho¢ 5pp’ 5h’a + (Shh’ 5;004 6p’a = 5hh’§pp’ (604;0 - 504h)

L7hoT
(| aLap Hy a;/ah/ | ) = OnhOpp €ph s €ph = €p — €h
FIkkIC LT
\ [5 1 \ \
(aLap : a‘;aga/g/aa/ : a;r)/ah/> = <a;rbap : azagaﬁ/aa/ : aL,ah/ Y+ <a}lap : a:&a};a@aa/ : aL,ah/>

Sy s y 1t

\ Ly 141 \
+(ayap : aaa;gaglaar : a;ahr )+ (aap ¢ aLa:,gag/aaz LAy, an )

= (5ap5ﬁh' - 5ah/5ﬁp) (5a’h5lf’p’ - 5ﬁ'h5a'pf) (3.4)



3 RPA 32

T ORMFMEEEET 5 &

(1 CLL(IP Vies a:,/ah’ | )= Uph! hp'

L7dioT
Aphprir = ( |aLapHaL,ah/ | ) = €ph Onns Oppr + Vpns hpy (3.5)
&35 (B2
> Aphpn Xy = hw Xy, (3.6)
p'h

Wb, ZhreF L4275 ( Tamm-Dancoff equation ) £\ 5, 2 DDIRF ph %412
WARTIHINSTIUE, Ko - Xra7 RN AX =wX eEF 2, ZhidorIi—t©
115 A OEEHEMETH B, £z, X o Xa 7 TR ANTFEREHENER Upn hp (& Vies DY
¥ (2220) 1I2B W (222) DV, DERD T TH %,

Zoe Zya7 IEREZERFG@TCERZTA S, X, & hw % o OXFRBREFH LT

Xpp=Xpp + Xpp -+, w=wFwl+--

YLTRL - Xya7zFERICRATE L
Epthh+€phX;h+"‘+26ph’hp’ (Xz?/h/ +X;’h/ +) = (M0+m)1 +) (Xgh—’_X;h—’—)
p/hl

MDD v DERFIFFELWVWET DL

e Xpy =h" X0, enXpp + > Ty X = b Xy, + ' X5,

plh/

TH5. vV DOR, DFED, Vies ZEAT 22, RIDHFERXDL S
L, p=p, W=
0, ot

2% %0 FORMEREIESTR K T 20U ajan| ) THB. SRR
RIVICREEED & 5127% 5. BEHEMERD ANS ¥, ROFER
BIZMH R T 2 IURE TR S R D, CheOBERADEICE S, 2 &
HoRfRie X0, 2fAF 5

h(UO = €ph Xglh/ = {

1 = 1 1 yO0
Ep/h/Xp/h/ + Up'h h'p = €ph Xp/h’ + hw Xp’h’

p=p,h=ht32L hw =0, = |a};aeresa;gah| ) THb, THAALX=IIHNT S 1 RXDH
13, E% QBB & B S5 & 51, EHIH Vi, OHIBETH 5. (0, 1) £ (0, h) DL 51
Xz?/h/ = 0 ,6@67\7))6
Up'hh' 1
Xp}/h/ = phhp =

Eph — Ep/h/ eph _ ep/h’ < |ah/ap’ ‘/;es apah | >

L7225 T, 1 ROBEHITIX

) ~ afanl ) + 3 alan )

p/h/

1
e oty Vies e |}
278 %
[ph™") = afan| ),
Y35, h B THZ I 2RTHIME LT —1 2513, |ph~t) 232 KiFIREE |ph) TIZRWNWT
EERT,
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H()‘p/h/_1> :fp’h’|p/h/_1> h/ p/
TH25756
_ - +
~ h™ _|_ h/ 1 /h/ 1 7‘/}% h 1
IA) ~ | p ;Ip \GpthO |ph™")
INZRXAXYT I LTRBIERD L5125, p h D h

— iz 1 RO EHETIE

-1
|A) ~ [ph™! +Z|n eh—Ho Vies |[Ph™)

THY, |n) & Iplh REBICKR S 720, Fl 21, AR X 5 7% 2p2h RIED HF 5 neonso
75, LI Vi ORHL(EZ 2HVT @) 0 Ve OFSTHE, ZOK \/j
RED T IVF =578 €n — Ho & pn — epnr — iy IR B 2T, TDA Tl Ipth | |}

RED T AN F—53F €ph — Ep'h WZEHEART
leph — €pnr — €prnr| > |€ph — Eprar|

TH2efREL T Iplh RN D F G 2 HEH T 5, oD% D

doln)nl= Y [P P

p'h!

5%, L, ZOIBNTEIEA Ve, ZHRXETEET 5, TDA ZIFHBERIVEUTD %
RAX D7 L TRERIROHD L5127 %,

p h
BEAEE MHAEHOITIERN—FROT LI — MEET f 2HOVT

ﬁaﬁa’b” = "{faa’fﬁﬁ’ ’ faﬁ = <Oé| f |ﬁ> (37)

ENMETE ST %, k BFAERTH 2,

ZAphp/h/Xp/h, = Epthh + H}fph Z f;/h/Xp/h/ = h/UJXph

p'h p'h
TH205
C=RY_ fom Xy
p'h
Rl (cu:) )
X, =C

hw—eph
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hz C oEHRNIKATE L

|fph‘2 1
D(hw = — 3.8
( ) o huw — €ph K ( )

|
|
|
|
|
|
Thh, ThhbEHE v HRED, Thes a :
|
|
|
|
|
|
|

x| =

- <0

77 4 BRI, D(hw) % hw O Y
LTHE, COBBEERy =1/k DRREER
DI IV, ZORRTFZERITRT,

A IRFR TR 2241 (ph) il = 2L ¥ — €,
F, RO ME T RELST 2EACH 2 ( BHE ). PIROETFZTIE e ~ hwo, 2wy, -+ (
hwo = 41/AY3MeV ) TH B, DX I RIGA, e OB ENMB TR VEIE LN,
PENTR ho 3D BRIED e ICIEFITEVH S, X, 13T DMDDHIKE < 72 DI

x| =

| [}
| [}
| It
| [
| [N
| 1 &1
| [ W
| [ !
| [ hCU
| [
| [ !
| [ !
| [ [}
| [ [}
| I

IA) ~ afan | )

ThHs, ZWIMHEERICEDMIELZZ 7 phIKEETH 5, BeFnmWigE, 5IHEEER <0
DHFEITIE epp, I D BFHITEVE ZAIZHN, K k>0 DHHEFEVE ZAIIHENS, ok
REBIXZHD ph IRBOELREDLEICKR S, Z0 X5 BRIRELZEFIKEE ( collective state ) LWV,
510 DR E B

k<K = = 3.9
<wma = 5 Zm” (39)
€ph
Tk, EEEBOE = 2 L X — 1B 5, ?.,ﬂbi?l?']ﬁ@m?‘% DI DRPINEEITIRD "
RLTW3S
F =Y fasalas OBEBITIERIZ

* * |f h|2 C*
)\|F| ZZ hfoéﬁ |ahap a’ﬁ| >:2Xphfph:0 hwp—e =
ph ap ph ph ph

THEZ6M %, C 3ZRIHsILSEMT
AN = Z (Xpn) X ( |ahapa o Z| |2 =1

php’h’

5

B | Fonl® dD(hw)
O = et eo? ™ ™ dw (3.10)
ph p

THb, LID2oT

e = 8 (22 lfph!ph) = (“3;’1“))

ph
KDL EIZBT % D(hw) DEROEZH 0 1L WIEEBRATIIERIIKRE WV, Z0bh SEFIRE
ANOEBRBRIZFHIBNZ LD B
B F—Z2FLIEE = 1 L ¥ — ¢, #)%‘Nl:wﬁifiﬁt LT, 3RT e MHELTWAEE, TDA 77
BROMIZ hw = L EFIREEDfiR

ho=e+rY_|fonl
ph
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272 %, BRHIREDEBBITIIERIZ

—1
EDE = [ STl | =S Ul = S 7] 2
((ﬁw—e) %; h ) %; h %; p

TH Y, REREBIC TR TOBRTHERONBEST 2,

3.2 RPA

K Lo & a7iEW (TDA) T, HF BT A U 7 R M BLAEH 2 AR BB iz D W T —EREX
D ANz, LD L, HF BEREZEHAL TW 206, BREREBICN T 2REEEERHORE ( BEE
WRREMERS ) I EE L T, AEEREHBEZED AN T TDA 23 L7z RPA( random phase
approximation, HLAERIAHIIML ) ZEHI T 5,

ZHRRDNINI =T v H OIERERELERIREE | gs ) L EIHIRE |\)

H|gs)=FEo|gs), H\=E (3.11)
BahroTWVWBET 5, ROWE
A)=0]|gs), Oxlgs)=0
R THAT O, 0\ 2B TE 5, HAWICE
Of = \){es |

Th3, (BI) X
[H,0l]|gs)=(E—Ey)Ol|gs)=hwOl|gs)

PHEEE S, SHICHEEOIRE (gs |60 ZEHT 2L

(gs 1[0, [H,0{]] | gs) =hw(gs 160, Of]l s ) (3.12)

72721 (gs |0l =0, (gs |[HOl = By (gs [0l =0 Zffiotz, 2L 74 v H—FER (BI) 2k
LINC IR < 354, BID) 2 EHER S OTIRR L, 2h e A%R BD2) »5E 2= AARE LA LW,

TDA 13 EIKRER HF B22 | ) TlIlL, OF % ph 2T ICRET 28U TH %,

OI\ = ZXPh a;ﬂah , 00T = a;ah (3.13)
ph
 (ED) ICRAT B L
S [a;ap, H,a ah/]] o =hw > (labay, alan )| )X, (3.14)
p/h/ /h/

TH b, EBERIBERICEIFEG LRVWD2 S, EXO H 1 Egr ZBRWVW2ER5 (B3) TH 5,
aLapa;f),ah/ = 5pp/a;r]ah/ — al,azah/ap = 5pp/5hh’ — 5pp/ah/a;rl — a;, a}bah/ap

(lap = (lal, =0 &D

< |a;flapai),ah/ = 6pp’5hh’< ‘
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o
(||alap, [H, alan]||)=(|aay[H, al,an]|)
= (|aha, Hal,an | )~ (|a}ayal,an H| )
= (| afay Hal,an | ) = SppSnn( |H| )
H ZEHBOAELDS (|H|)=0TH%, LEdH>T
(|| ahap, [H, alan]|]) =(|aa, Halan|)
3 TDA TEH L7 (BD) TH3, Zht
(lla}ap, al,an ]| ) = Opw Sppr
kb, @Em@) iEx L - Xra 7R (D) Ik,

BI2) 2S5 TDA 22—t T2 XARDTH 2, EORKIRE | gs ) FHEEIREMHBE D /-
DHF B 3RES 5, LED>T dla))=0TH2Malay gs) #0THs, Zahsd (BI3)
ZHER LT

OI\ = Z (Xph a;;ah -Y,, aLap> , 00" = a;ah, aLap (3.15)
ph
3%, ZDiifl% RPA( random phase approximation ) £\ 5, RPAIZEIF 52 HZ |0) I
0,]0)=0
TEFIN S, (B12) 1
(01 [afay, [H,01]]10) = hw(0|[afa,, O] 0) o1
(0] [afan. (1, 011]10) = hw (0][afan, 0} ]10)

¥ 7%, RPA EZZIZEARNICIZE 05705, RPA EZETOMFfERZ RO 2 2213 TER
W, Z 2T, RPA EZIMHICIE HF B2 1ZZE D LR WE LT, RIEHRO RPA HZEHRHER
HF B2 T OMFRHETIEM T %, flZ1E

(0l[a}ay, al,an]|0) = ( |[akay, alan]| ) = Gpp Shn (3.17)
Ths, (BEIH) T|0) % |) TEBEHZ Em) 0 0l 2ZRAT2L

S (C1 [ ahaps (7, afan 11 Xm0 = (| [ahay, [ afuay ]| 1)Yyn ) = X,

plh/
S (I aban, 1, afan 1] 10X = 1 [aban [, abay 1] 1) Yy ) = Reo¥
p/hl
ThHbd, 2T
R [azap, H, aL,ah/]} 1) = (|aba, Halan | ) (3.18)

Bphpw = — (| [aLap’ [H, aIL'ap’]} )=« \a;ﬂapazfap'ﬂl ) (3.19)



3 RPA 37

Y¥ 5, ~BICHEET P, QIINLT
[P, Q] =[Q", P
THHPNH

T
A = (I [ahay, [ aban ]| 1) = (1 | lahay, 7], afan ] 1)

= (|| aban. [, aay ]| 1)
[AkEIC LT
Bl = — (| [a;ah, H, a;,ah/]} B

ThHd, LIhoT

Z (Aphp'h'Xp'h’ + Bphp’h’yp/h/) = ﬁprh
p/h/

Z (B;hp'h’XP’h’ + A;hp’h’yp’h’) = —ThwY,,

p/h/

27 %, (620) % RPA A2 ( RPA equation ) ¥ W5, ZOHBERITHIERTERDOT &

o) ()-=()

tEIFL, 2T A BIEFTHL, X, Y 3HRZ bV TH 5B,
RPA AN 2 A, BD > 5

(3.20)

Aphp’h’ = < |a;[bap Hal,ah/ | > = €ph Onh (Spp/ + Uph hp' (322)
& TDA THIh 7z (BH) TH 5. —77, Bpppn & TDARKERWIETH 5, ThiE v TR,

( |a2apa,t,ap/H0| ) = Z€a< |aLapa2,ap/ tafan:|) =0

(03

THBPE, BICHGT 2D Vies KITH 5. (BA) LFAKICT L

| s
(alayal,a, : a};agagxaa/ ) = (a} apal,ay ala;aﬁlaa/ )+ (a) apal,ay aga};a,g/aa/ )

in=rnll in==nnl

+(al apal a, : anazap o ) + (ayapag, ay agagaﬂfaaz )

= (6ap5ﬂp' — 5(117’651)) (601’]16[3’}1’ — 6ﬁ'h6a’h’) (323)

W22 506
Bphp’h’ = < |aJ}rLapa;rL/ap’ res| > = Upp’ hh! (3.24)
TH b0 Bpnpn 1 Vies DR (220) ICBWT (228) D Vy DFBADTH D 2p-2h IREZ T 2,

P
Bonpw = \a;apa;g,ap/‘/}es )" = ‘Vresa;;’ah'a;;aﬂ ) = Upy' hivr = Dhh’ pp!

2p-2h ZIHIRS ¥ 5. 2p-2h OAEM « HIHZ I D AN RIZEEIREICH KL, 0,]0) =0 T
EFR SN D RPA EZ [0) 1%

|0) =1)+ [2p—2h) + |[4p—4h) + - --
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WS ERADEICE B, JAMERERETH S,
BB X, Y, 1% (00} =0 %65 &

(0lafaylh) = (0] [afay. O] 10) = (| | afay, OF] 1) = X,

<O\a;f7ah\)\> = (0| {a;ah, OI\} [0) ~ (] {a ap , OT} Y=Y

ph

(3.25)

THBH0 X,V ZBBEET p), = (0| ahas |\) OB T-ZHLEITH %, 5B, RPA T p
DR TR F, Z4fL-Z4LERIZ 0 TH 5,

EEARE TDA RIS, HEMERHA (B2) TH5 R 6h 5k %, RPA F5 (B20) 1%

GPthh + K’fph Z (f;’h’Xp’h' + fp’h’Yp’h’) = hOJXph

p’h!
Eph ph + Kfph Z /h/X ‘! + fplh/ /h/) = — h/UJth
p'h!
12725,
- K/Z /h/X 'h! + fp’h' ’h’) (326)
p'h!
Bl o
Cfon oh
X, =— Y, = — P 2
PR hw — epn | ph hw + €p, (3.27)
Ihze C OEFERIRAT S E
1 2 2
Drpa (hw) = ~ Drpa(z) =Y % (3.28)
ph ph

2182, ZOHBRAZREHOCTHES EXOMD X518 5%, hw ZEEBLE LT hw=a+iy &
Bl

. 2epn | fon)? —y? — ey, — 2ixy 1
Drpa(z +iy) = Z (x_i_pzy—p Zerh |fph| —y2 - €2p)2 + 422y? Tk
ph

CHRBHE ay =0 THod, LRI (y=0) F7I3HERIE (2= 0) BHFEEL S 3. MU

. 2€epn ‘fph|2
Drepair) = 3~ 2

—r2_
oh €T eph

THd, ZOMME DR (o) BB (hw)? = —22 <0 2RI,

(I (1l I 1 I

(I I \\DRPA(:I;) I 1 It

(I (1 I 1 It

]! (| I It

11 (1 11 It

o IR AN 1 0
I i P Wl -+ 7>
\\I\\ \\‘\‘\ \K/

[N T A bt b

e | ! O A v _——mz

i — ] e 1
§§l§§ — +9+ ot 7<0
L Ji T o

I 1 It 11! (I !

| It 1|1 (I [}

| It 1|1 (I ||

(LI (L I Ih
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TDA L ORELEWE, 5[0 BVE ZOEFMREDHEZ A LF—TH 5, BI) TRLLD
12, TDA TlZ k < kirpa D & XA DT FILF — Mﬂh% 23, RPA Tl

1
K < KRPA = = — ZIbA (3.29)

DRPA(O) 22 |fph| 2

Eph

W27 %, BEREOIE 3 L ¥ - ZFE B TR SMERICR S, Zhd5ichtd 5 HF K
REOPLZEN 2 LT,
R F—Z2fL T AL F — €, DY € ICHEIR L TV 2358, (B28) ORI

L7325, BREMHEERD T

D E
mxwe+52|fph|2

ph
TIEIT E TDA OFRERIC—HT 2, —77, 5INHRL7R 2L wi <0 TH D, ANTIBRZ X 512 wy
EHERICTR 5,

3.3 T XTIRE

ERDEMPFERFMEL AL L TIEQNICHETH 2 ElXAE 77 Xv i, 77X
<P TORERFORIEF Z RPA TS, ~MALBEREZERETI2EFHIATIE, Zeke LT
BRNCHED L &, EFV—RRICOM L TV IREXRIRREICR 2 e EZONL0 5, BFD1
R IRREI3 P TR (2)

Yo (r) = \%Vexp(ikm) Xo XiXor = Ooor o,0 =+1/2

ThHb, 7xzVIPRE kp © LT, BIIRETIIE T k| <kp DIREZTTHEDTWVWE LT 5,
(B1H) TIERTORRERM FZEILDORANITKR > TW 52, EEOREE R GE, KRB 2
N b7 e RT 2YHE EHECAERRRY) OEAREICRS X5 k*ﬂkﬁ:hﬂlgﬁ%oﬁéo
O XS RYHERZRRAT 20 IMEEER LS RICIRET 5, FIRICIED - 2R ClREERIT X
WETHTH 2006, BEHE q DERELE X

OT = Z Xkyg az_‘_q’aakﬁ - Z_ Yk’g a};’aak,qyg (330)
ko

v¥ %, 22T, S|k < kp, |ktq| > kp TH B k IOV
TH%Y %, AR " oz RT, 5 1 HETIX, &
B EOREEZHL k+q ZEKT 206, flfFH (k+q)—k=gq
DIREEICH %, F2HHXODWTHRAKTH %, (B20)

§ @ph’ hp’ “Xp'h’ + g Epp/ hh’er’h/ = (hw - Gph)Xph
p/h/ p/h/

_— 2 —x _
E Upp/ hh’XP/h' + Uph' hp’x/;)'h/ = — (hw =+ 6ph)th
p'h! p'h!
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WCBWTh—ko, X Dp—kt+qo,Y Dp—k—qo FOBEBZIHZ 2T

+ -
> Crowo (@)X + > Broko (@) Yiro = (hw — Eriq + Ek>Xka (3.31)
k'c’ k'o’

+ * T vk
> Bigko(— Q)Xo + Y Crppro(— @) Yiror = — (ﬁw + Er—q — Ek)Yka (3.32)
kol ko’

%%, 2R L, m ZBFOHERYL LT B, = h2k2/(2m)

Croko(q) = (k+qo, kK'o'|v|ko, K'+q0’)
Bio ko (q) = (k+qo, k' —qo'|T|ko, K o)

THb, 1 FEFHEDIZ—n )

e2

1,2) = —
U(v) |’I”1—’I“2|

ZRIPME L 7ATHIER 2R T, — ki

2 exp(z'(k:'1 —ki)-ry ik — k2)'7'2>
/d3’l“1 dSTQ

e
!/ / !
(k101 , kaoa|v|kjoy , kyos) = 50101502"§W

[r1 — 72
2
= (5(,101(502%% /d3r2 eXp(i(k:/l — ki + k:/2 - kg).Tg)

. /d?’r exp(i(k’l - k:l)~r)

r

e? 1
= 60'10'/ 60'20" 6k1+k2 Sk +kL T 712
1 2 1 2 |k1 _ k1|

772 L, (E13) o7z, LdioT
Crok'o(q) = (k+qo, k' |v|ko, k' +qo’) — (k+qo, Ko |v|k'+q0', ko)
_47‘1’62 L_ (Sgg/
Vo \lgl? kK

Biokio(q) = (k+qo,k'—qo' |v|ko, k' o') — (k+qo, k'—qd'|v| K o", ko)

B drre? <1 B Ooor )
-V gl [k-K+qP
%, g=|q /NI VL E k| <kp, |ktq|>kp Zifi7zT kX k| ~kr THZ, LD 5T,
FIIHNCE |k — K|~ kp TH Y, C, B OFEIMADE 2IHIX 1/¢> ITHRNTEHETE 2, LUIT TR
v(q)

q 4me?
CU, o' \gq =B oko'\d) = — vg) =
kok'o' (@) = Browo (@) = (9) 7

¥ %, (B3), 63 I ERERATS

o =2 (e )

k'o’ k'c’

_(hw —+ Ek,q — Ek)Y,w = @ <Z+ Xk/a" + Z_ Yk’a’)

k'o! k'o’
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L7doT
+ —
N=Y" Xig+> Yao
ko ko
Bl
X v(q) N Ve — v(q) N
ko — ) ko — —
Vv M*Ek_;,_q#»Ek 14 hw+Ek_quk
Ihz N oEREXICKAT S L
2v(q) < O (1 — Ok tq) k(1 — Ok_q) >
F(w,q) = — =1 3.33
(@ q) 1% zk: hw —Egiq+Er hw+ Ep_q— Eg ( )
W2, AT 21 3AYOHME (0 OF ) THD
Or =
0, |ki‘ > kp
TH5,
OrOk1q Or0k—q )
S = —
;(W—Ek_;,_q—FEk hw+ Ep—q — Eg,
DE2HETE =k—q&35k
erk_q 9k’+q0k:/ 0k0k+q
— = , S=0
;hw—‘rEk,q—Ek ;M+Ek/—Ek/+q ;M—Ek+q+Ek
W50 56 (
2v(q) 1 1
F(w,q) = 0 — 3.34
@) == zk:k(hw—Ek+q+Ek hw+Ek_q—Ek> (3:34)
ThHd, F2HTk%Z —kITEZHRI 0 =0k, Er=E, 25k
2v(q) 2Mwi g
F = 0 : hwg g = F —F .
(w)q) V ; k (h,(,d)z . (hwk7q)2 9 k,q k+q k (3 35)

ERTIEDBTED, Flw,q) Z w DBARE LTHRT 2 TRID KSRk 2%, Flw,q) i w =
+wp,q THEML, w— oo TIE 1/w? ICHHIT 2, ROEBEV HERLZLE k IZEERNITD 255

Wk,q BEERUIIREZ & 5, BARIE
h .
w:wk,q:—zm(%.qm?), 77U k| <ke, |k+q| > ke

ThHd, X eDwh Flwq)=1DR%r52 5,

F(w,q)

(3.36)
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M 65h 5 &5 IICE 2 BED 5, 1 DRBIRICHENEMTH S, V — oo TIRBHROM
IR NS 72 5 505, 2 DRI wye g 1072 DSBS DT 5. SAUIKIT - ZALEIECTH 5, K
F o 2D w 121 k| < kp TH 2725 IR wnax 235 3, (E30) & D

h h h
Wk,q = %(2,6(1 + q2) < % (2kq + q2> < % <2qu + q2) = wmax(Q)

TH5,

B h O, BT 1/w? THAL TR OR[ATH 5, TAUFRT - Z2LINE & 13510
FEOMETEMETH 2, 77 A~0HE, ZOMEIKREIX T 7 X< iRE) & X, b+ - 2210
mtib%%mmiliwﬁwmﬁﬂé TIAXARRHOREI A NLF —w ERD LS, (B33D) 1T

Ey = R*E*/2m ZfAAL k OMEZEH7TRT &

_2u(q) V 1 1
FW&L_1/(%P/kk%<MPﬁ%%q+fV%n_MM%%%q—fV%J (3:37)

L [ O
Ardm (hw — h2k-q/m)” — (h2¢2/2m)*
G 0DEE w0 LT

v hk- hk-a\ >
Flo.q) = ﬁrsniczz/d?”“" <1+2mf+3(f> +>

2 2 2
q°v(q) hq 5 q“v(q) 3 Vg o
T Armu? <3kF 5 (mW> S RE mw? © L+ 52! e (3.38)

p:
W5, pldZEE, vp X7 =2 VIHETH S, ¢®v(q) =4ne®> THEDH

7272 L

w2 32 4me?
_%p F _ P
F(w,q)—2(1+52q +...)7 wp = -~
F=1&Db
N 3 v 5 3 vd

W25, wy &7 7 AIREE L WS,
(E33) £ b
Or
(2k-q +¢%)/2m

F.a)=v@)(fea+f-w-a),  fea=g

*REDB, k=kpt, k-q=Fkqs = kpqts £ T 5L

hq
f(W,(I) (2 ﬂ-thsz /dtt / dsx—ts . ﬁqu( 2m>

THb, |2|<1DEE x—ts=01275 t, s DL LD BBUIIFHRMT 2720, ZOFEZ
W EBENDHL, ZZTE 2| >1 DHEEEEZ S, ZOL X

mk3
flw,q) = rTEN /dtt(log\t+x\flog|tfx|)

2

mkg 2 2
= 1n2h2q {23@75 + (t —x )log

t+x
t—ax

t=1
mk3
:| - 471_2 h2q g(ZC)

t=0
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7L
1+zx —0 41273 |z] =00 4 4
— 2 x
g(:c)—2a:—|—(1—a:)log1_31C , g(:c)—>4a:—?, () £+15x3+”'
L7z23oT
mk m ha?
@0) = @ (slen) + o) we= (0= 0) B

W2#H5% 72U 22| >1, DF D w> wnax(q) DHEWC ERSHEHATE 3,
(820) Z HWT F(w,q) = 1 ZBIEMNICHW R 2 TRICER TR, WRRISELI#E (8239) 2
KT, BTEEp L LTREFTOETEE p~ 102 cm™2 = 100nm 3 ZHW\7z,
e? 1

22~ 0.5 x 10° ~ 2 =~ —
mc 0.5 x10°eV, he 00eVnm, « e~ 137

THEHNE wy, EWET B L

4ra(tic)3p V@mqmm3xwo w
sy me? 137 x 05 x 100 ¥ = 80y qgz eV =12eV

TH2, T« ZILINEZ 3L F — DB KME wnax WL T w(g) = wmax(q) &% % ¢ LETI, 7
7 X PREN G T 2 EBIRIIFEE LRV,

10 20 30
g (nm~1)

77 R WENIRD & 5 LR HI) AR THEIT 2, EFOTEREOEEE pp & F
%, FHEARRETIX 7 7 A< IZBESNICHEETH 2000, IEBHOK T DEE pp i pg = po TH 5,
IEBAA FIFEFICHARNTEW D, ZOEMRMBEIZETOEICEERITEIC pp T2, B
DEEED p=po+0p(r,t) WAL LT BE, B7 YV HERLS

V-FE = 47e (pB — (po + 5p(r,t))) = —4medp(r,t)
DEY EPRET S, ETHTAOHEES R v(r,t), 1% Plp) £ 5% &, EEHHERIIMNED

I1RETEZD L

_or
-5

mm%=—VHm+M%me=ﬂNM—mﬂ, K
P=Po
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Thb, T, d@ioFERZ
aép

a_~_V.pv:W—kpov-'v:()
THb, LEhoT
0%6p ov kK ep K 4me?p,
==V = =2+ Ly B = Sy - g (3.41)

272 %, RIER (qg—0) TEALE 1 HIZHE 2 HICHRTEHATE 205

D*6p  Ame?pg
o m

op

INH 5 op FAIREEL

4me? po

m

TIREIT 5%,

3.4 YOTK

T AIRETIX, 77— YHEERD 1/r b0 RE#BNTH 2720, S0WFEINUE, 7—V T
L7z v(q) D3 1/¢2 WD q=0 TREMELZFOLD, ¢ - 0 T w 3ERZRMHEICKRS, 2T,
HOEEFEENERDOGEICOVWTEZTAL D, ZDMHZE & LT

v(1,2) = fod(ry —r2)

bl R
60 o 60 ol ; ’ /
(k101 , kooo| v |Kyo] , khob) = fo— vz = /d3r e~ tkitka—ki—ks)r
60’10’150'20'§
= fO# Oky ks kK,
TH5H05H

Cka,k’o" = Bka,k’d’ =

15
Ny, = Z+ Xko + Z_ Yio
k k

<[z

27 %, (B3), (B32) & b

s I R
_Jo Ny +N_— N,

Jo _Jo Ny +N_— N,
Vhw—E;Hq—i—Ek’

V hw+ Eg_q — Eg

Xko ko —

ThHb, TNrH
+ —
N++N—:Z Xka+z Yio
ko ko

fo + 1 - 1
— (N, +N_)1° -
( -t )V Zk-: hw—Ek+q+Ek z’; ﬁw-ﬁ-Ek_q—Ek

(B33) & B3R, v(q) = 4ne?/q® % v(q) = fo/2 TEEFZNIFI IV, L7z > T, RPA O
AfE w i (B20) kD

2
mkg

F = fo—5—5—
(W,q) fO 87T2h2q

(9(w+) +g(x—)) =1 (3.42)
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THREZ, 2 0DEE w0 LT3 L (B3) 25

pq*

2muw?

F(w,q) = fo +---=0

D F=1%l7&%0, w 2% 0Ths, 22Tw ¢ DHIBERE LT g0 2EZ 5.

m hq? mw w q
= tw—— | =F+z-A, = =—, A=—-0
T hkrq < w 2m> :c x hkrq  vpq 2kp

THE2D0,g9(re)  tx DEDLDTTAT—EBHTI L (g(x) 1Tz DFEE)

1 mk‘p

(z) = 5 log 2% 0= gz J0 (3.43)

Wb, EZAT, RT ZHAMEZ AL F —DBRAME wpax 1F¢g—0DE X

glxy) +g(z_) =g(x) — g'(x) A+ g(—2) — ¢'(—x)A

1+
1—x

=—2¢'(x)A=—-8A (1 — glog

Zhe Ga2) ik

x ‘1+x

1—2x

h hk
Wmax — = (Zqu + q2) ~ rd = Urq
2m m

THb, FBREWwELTEEREDZDIE w > wnax  Fl2)
BT, 0% 2> 1 ThH2, GR»STHD
X912, fo >0 ZBIEHIC x> 1 DEIFHET 3,

D% x(fo) €T B L 1/Fy / K

w = vrz(fo)q 0

THDH wi ¢ BT 2, ZHhIXHEKEFL S
BAfRICH D, MR =0 THEET S HEREWVWIE
BRTEOE K ( zero sound ) &I N 2, Y oFK -1
DE XX vpa(fo) THED, 2THUXT7 =V I HE vp
D KREW,

FE—E K (first sound ) EFFEN S HHEOFK L LKL TA S, BAD) KBWTEM e =0 &7
5t

0%6p K.,
= -V~
ot? v
IO ERE cLTHLE
oo [®
m
2B, 7z VIHRADBE
2 W2k 2 22/352 5
= — = — _— /3
5om P 50T ) g
THHP5H -
1ﬁk'F N 1 hk‘F (o
= — Z b} "C e —
K=g—=, L7zhio c 7 m \/§<’UF

W7 %,
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3.1 (823) DFRFEEIIC

1422/ Fy—54+00Dt =
Tr =~
\/Fo/?), FQ%OO@Z%
THEZBN3 Ik Z2Rt,

3.5 RPADME

R D RPA R 2 XIS % 720, BAME hw I X,,, V,, KA ZHTThoy, X)), Y, &F

%o R, Xpy, BBVIRYY), AL T NI PAEZNEN XN HHVIF Y TRT, filgbo
7z

A
(XM YY) ol XA Y BNy b <§A> DHE XA, YA 3FIRS b

LR TIE, XN, YA BITRZ FARFIR T FAAIFREL L WD T, i ETIEEAIL W,
1. —iKEHET F OBRBTYIEZRIZ

(AIF10) = (0|OxF[0) = (0] [Ox, F]|0) = (|[Ox, F][)

TH b,
lalyap, alag] = dapral,as — dparalap
£h
(IO, F11) =Y. fas (X[))\h*< lahap. alag]l ) =Y ( [[aban, alas]] >>
ph ap
= > (X0 o + Y i)
ph

ThHd, LiehoT

IF0) & (1[0x, F11) = Y2 (X0 fon + Y fip) = (X2 Y7) (;) (3.44)

ph

7%, 722U

fph = fhp
TH 5, RPA TIE—HEBETORL-21L, N TFRTEEHEI N0 5, F I
F= Z (fph alan + fap azap) (3.45)
ph

LRAETH S,
2. wy BEETH EIET %, (B2) DERILRZE D &

A XM+ BYY = o X, BXY +AYY = — o YN

A* A*
EOE (5]

THDE0H



3 RPA 47

%%, O PEOEAM w, 2525 &

_ O)\ = Z (}/;;: a;gah — Xz/)\h* a;rlap)
ph

DEOEAME — hwy OIRICRS ZEZRLTV S,
3. MREXRM (E2) 25

v (A ) (5o () e

ANt p B ANBZ I LI - R B L

*T P P
(XA Y (g: j*T> (ifp) = hwy (X" YA*) (ifﬂ) (3.48)

&I AT
* — % —
(AT)php/h/ = Ap/h’ ph = (Ep — Eh) Onn 5pp/ T Uy hp = (Ep — Gh) Onn 5pp/ + Uhippn = Aphp’h’
T _ % % =% . x*
(B )php’h’ = Bp’h’ph = ’Up/p Wh = Upp’ hh! = Bphp'h’

2% b, At = A Bt =B* TH 295 (B28) 1
(X)\* Y)\*)<A B><Xp>hw)\(X/\* Y)\*)<Xp>
B* A* Y? Y’
7B, TRk (B27) XD
P
g () -

wy #w, EHIEX

TH 5, RPA OFGHRIER
(Alp) = (01020} 0) = (0[ [Ox, OF]10) = ([ [Ox, OF ] |)

¥ ¥
= Z(X,,h Xon = Yoh Ypph)
ph

A * Ak X*
(1)

L7eDioT,wy £w, BHIX(Ap) =0 IXRDERT D, —7, FiBLE M\ =1 THs»
5, HIMER &M%

(fon ol = vy (X)) =, o

DESICHRD B,
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i (B28) DL — bR Er B

(v X’\)<A B) = —lwy (YA —X*)

B* A*
THE05
(YA X)\)<A B)(Xp>_th(Y)\ XA)(XP>
B A ) \ v v
X
= —hwy (Y* XA)<_YP>
A B\ [Xx° Xr
oy (g () e e ()
THEH5

(hwy + hw,) (Y X*) (_)‘;p) =0

L7255 T hwy 4 hw, A0 & D

XP
(Y» X*) <_Yp> = zh: (Yp*hxgh —XﬁhYp‘;J =0 (3.50)
p
K%, ThiE
<I[OA,Op]|>:<I{OLOZ]I>:0 (3.51)

EERT, B29) & (BED) H 5, 0 ¥ O 1, HIFHETIESH 205, XY ¥ OB 75,

4. MR Ol ¥ 0y IZRPA ARERDMMTH 203, wy # 0 72 BIZEAEA R 2 D & IR A2 iR
TH%, ZDLE, RPA HFEROMAM O ¥ O\ O afan, afa, DIEBUZHE LWV,
L7535 T RPA TO—{KEE T

F= Z (fph a;f,ah + fup a;rlap)

ph

i alan, aja, DRHODIC 0L, O\ THEZ, 22T
F:Z(uA Ol — vy oA) (3.52)
A
v¥ 5, (B29), (B50) 5 5
wn=(1[0x, FI1),  on=(1[0L, F|1)=—(I[Ox, F1]| )"

uy = (XA YY) (;)

(BZ3) ZfE5 &

(fNapg = fia THEIPD

el ()
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19
(B12) I
0= 5 (54l - ¥ el

2RAT B L :

F= XA: Xh: ((X;hm +Y)), UA) aban — (Y Vs + X, UA> aLap)

v

THBEDH

fon :z/\:(X hu,\—i—};’\h*v)\) A - ;(Yhu,\—i-X;h*v,\)
%D

()2 (5 () )

L7223 - T, o BRA

() ()ore)- (1) o

G2, o TRER

ZA: (XonXp i = Yoh" Yitn) = GOt ZA: (KoYl = Yo" Xpip) = 0
7B, S TR 7 B B 1 A (Bam), (B5m)

S X =YY ) = o Y (VX - XY ) =0

ph ph

‘(\;%50

M3.2 1. REMEEERITER B2) o5a B823) kb
G
ﬁwA—l—eph
Thd, BRLEMERPS |C? Z2RD X, D X)), V) % B22) KRALT

—1

(ALF0)2 = [ 4k ZM __ (Hszm\(’wﬂ)_l
_ -
ph (MA) 2h) dhb.))\

R, TIZT Drpa(hwy) 1 (B2R) TERLZDDTH S,
2. €pn B e ICHHR L TV BHE

(3.54)

OIFIO)F = 72 31l
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3.6 HFEEREBOTZEM
gpn BIEEOEHER L LT

G = Z(gpha;ah - g;ha;rlap) , Gt=—-@q

ph
Y52, U=eC BUU=e%C=1THH =X VHATTH 5, HF RLEIRKE | )
|>:aJ{-~-a}L\,|vac>7 aq|vac) =0
R LT
lg) =U|)=UdUtUUT - Ul UTU|vac) = b1 -- b\ U|vac), bl =UalUT
%R 5, Glvac) =0 &b
Ulvac) = (1+G +G?/21 +---) [vac) = |vac), .. |g)=>bl---bl|vac)
272 %, RAZHRBAR
{bo, b,y =Ufan, al, YUT = 600 UUT =60ar,  {ba, bar } = {bl, 0,1 =0

BT 0, |g) bEBILINE NKFROAL — X —(THRTH 2, |g) & |) CERLEWL
EEDORL =X —1THIRERT,
lg) TO H OMIfFEIX

<gH|g><|eGHeG|><|<H+[H,G}+§!HH,G],G]+~~)|>
TH205, (|H| ) BPBUMEICRZKMFEGA0DL =
<|[H3G]|>:07 Dc:<‘[[H7G}7GM>>O

THbd, 1 ADMEEMEICT: 5500, 82 XM/ NMEIC R 250 (REMDOSRN) TH S,

Y= g I[H . aban ) =S gin([H, afa,]])
ph

ph

=> " gpn( [Halan| )+ gn( lahay H] )
ph ph

1RFIREE | o) DY HF AR ZHM2F, DFD hygrla) =c4|a) THIX, B3 XD
(lahayH| ) = (p|hur|h) =0
272 % 2 DAFRED &M 2 W72 5,
D.=—(|[G,[H,G]]I)

— -3 x i e
=— gpha an = Gppayap , [H, Gp'h? Qg @hr = G pyr Qg Ay ]]| )
php'h’

=3 o (—<|[ aban [H, abyan 1] gy + ([ajan, [H, alay 1] gin )
php’h/

+ 3 g (CIahay, [H, aban 111 )gpn = ([ akay, [H ahay 1] g )
php'h’
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(E1®), (B19) &9

Aphprnr = |[a;2ap, [H, a;,ah/]“ ) A;hp’h’ = ( |[a;ah, (H, aiTz'ap’]“ )
Bonyn = — ( [ahap, [H, al,ap]]] ), By =—([aban, [H, al,an ]| )
THHHP5H

A B
D.=gB*g+gA*g" +g"Ag+g"Bg" = (g 9) M ( g) - M= (B* A*)
g

PEEMDFEMTH D, 172721, 7 (A7) RZ FAHD g1 gpp ZIIT & T 25 (1T) R bL T 5,
& ZAT
Aphp’h’ = €ph 5hh’ 5pp’ + 5ph’ hp’ Bphp’h’ = Epp’ hh'
THBH3H05H
(AT)php’h/ = Al ph = €phOnns Oppr + 5;% wp = €phOnn Opp + Unpp'n = Aphprhs
Byhph' =Vpph'h = By ph (BT)php’h’ = B;’h’ph = B;hp’h’

2% h, At=A4 Bt=B* &b

= At Bt (A B iy
\Bt At ) \B* A

THY MIZTLI—MIFITHE, M DEGEHEEZmMm T2

() ()= ()
=m

B* A Y Y

HEALE L B (m 1EFER)

GG () () ) ()

W22, M OBEFERYZ b LT
T y* T+ y* T Ay 1T —iy*
+ = , EE -4 =( .
Yy z* (z+y*)* Y z* (iz —iy*)*

<g>7 g=x+y* Fkix g=izx—iy*

DFD

g*
ZRATE S, 2022007 PADFEKHZ 0I5 Z 213780V, g#0 XL T
A B g g 2
(9" 9) =m (g" g) =2m > _|gpnl

U723o T, BEWDZMEDKD LD &, 174 M OEEMHEIZTNTIETH 3, L3I — MTHD
BHENZ P, FEDD > THHRBERLRICTE S, %72, (FEORZ PIZEE R ML TRE
BITE200 ¢, 2R LT

f\ c Tm . * ok f _ mle. |2
(onls) o) s
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2%, 35 M OFEMESTRCTIERSI1E M OMFHHEIZFEICETHD, g = f* T2 RENE
DEMITIR B,
RPA AU

TH5056

* * X _ _ * * X _ 2 2
(X v >M<Y>—fwv, N=(x"Y ><_Y>—p2h(|xph| Yo l?)
12725, hwN & N ZEBTH 2, 72771 N =0 OIS hw FERCIZES v, ZEEOSEM
DI OY E hwN > 012K 205 hw# 0 IFEHMTN L hw ZRAFETH 2, Imw # 0 OFED
FHETIHBIEN=0THDH, BEWDSEMHIIED L2720,
DD p=ph, i/ =p'h' TERT, B&R—Y D7 EERIHEER

Appr = €ubppr + Kfuf By = Kfufw

D&, M DEHEHGERE

€uTy + ’ffu Z(f;'xu' + fu’yu’> =mx,, €EnlYp + Hf;; Z(-f;’mu’ + fu’%’) =MYu
w

7%

TR BE A= /@Z(f;xﬂ+fuyﬂ) r¥ar
n

o A
n = ) w = )
m—eﬂ m—eu

Al : 3 20ful*> _ 1

m—e€, K

THEBEMEmPRE S, k% /2 TEEHZ 22 TDA HFERXBR) K2, mHPBPETIETH 729
S

1 2| fpn/? 1
>0, ¥F —<-y X2 D 0), > 3.55
K o %h: epn RPA( ) K DRPA(O) ( )
TH53, (B) TRLIZEIIZ, k < 1/Drpa(0) D& =, RPA HFEICIIHMMBEEE v = —w HF
3%, ZOHE, B2) £ b
Cful? Cful?

X, 7= = =|v,|?, .. N=0
o = G e b — ) ~ et (o) M

TH 2,
3.3 DB OYE D. 2 C, C, TRE, 2L

C= Z(f;hgph + fphg;h) ; Cy=2 Z ephlgpn”
ph ph

Thb, 72, 2 7LV OFREROIY L FHIC LT C? < — Drpa(0)C, 27, M E
8 Do > 01272 3 1% (633) TH 5 2 & 2Rk,
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3.7 BEREMKTE HF & U RS)
RIWCRET A 2T 4 Y —HER

L d
ih | 6(0)) = H| ()

ta ) d
Stwl= [ Cden, L= ()| - i o)
YFBLE, |Y(t) REEY LT, MUNES |60) 120 LT
59 = Slw+8u] ~ S[B] =0,  REL |8é(h)) = [3(t)) =0

i |wit) BRkDEZe e aL T4 v —HERXEML ZLIZAETH S, Y1) ZHIR
LT6S=0%2BFET2L, a7 4 v h—HEAOAMUBEIRE S, LTFTE |¢()) & LTH
BHRFED R L — & — {75

[g(1)) = e Pt E O]y G = S (galafan — g3 (Hafay ) (3.56)
ph

IR T 2,
g BB THHL LT CO3RULEMAT S €= (g|H|g) = (e CHeC| ) &

e= (1) +(I[H, 6] +5(I[[#, 6], 6]

1 * * *
= Fur + 5 Z(g;ANlJ/g#’ + g;B##/g#/ + g#BZ#,gW —+ guA##/g#/)
o

72720, DD pu=ph, i =p'h TRT,

d
@\9>—

E i d E —i e GG+GG
|9+ e B GO ) = =R | g) e BeE <G+>I>

&b

(915190 =" (g1} + (| (1-6+ F ) <G+GG42—GG> |

- S (e le61) D= SE e 6l

2% %0 (|lahay, alan ) =0nn Opy &
(G, G Y= (U gpnaban — ginalap , gonwalan — gypalap ||1) = (g5u — 9u8})
I
L7=DioT

L d ih . -
L={(g|H—il|g)=€—Eur — 5 > (9:9u — 949,
w

BB & gt g 3 R L TEW,

o 9\ ih d
o ) ik e . _d
5 XM: (59“8% +dg7; 8g;;) 5 %: (5% Gu+ 9500, — 09, G5 — 9n 5%) L Ogu =209,
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RIS B W THR D TR g 09, — — 97509, 9009, — — G 0g), ICTR 225

o€ o€
0L = <<Sg (+ihg'*> +4g;, ( — —ihg ))
zu: ' O9u 8 8 9g;. 8

ELTEW, 65=04&D

o€ o€
=ihg,,  —— =—ihg* 3.57
ag; 9, agﬂ gu ( )

2182, MAZEVCHERBTH 255, ~HEIBHZE V. A%, = Ay, Buw = By &9

dgr 2 Z(A““'g“' + Buw G + G B + gu’Au’M) - Z(A““'g“' T B,ng,)
H w l‘/
Lo T

> (A g + Bywg ) = i g (3.58)

o
TH 3, BIREFE
g,u,(t) =g (X# —iwt Y* zwt) , go = %ﬁ # 0
BEZDE
S (A X + By Yo ) e 637 (A Vi o B X )t = o (Ko™ = Yyt
W I
[ N )
Z(AH#/XIL’ + Buu’Yu’> =hwX,,, Z(Auu’Y:’ + Buu’X;') == h""Y:
124 w

FL2ROEELEE L 3 2 RPA HEER
(A B)(X)z <X>
B* A | \v Ve

G = Z(gpha;ah — g;ha;rlap) = go (OTe_M - Oem) , of = Z(Xpha};ah — thazap)
ph ph

DRE B,

TH 206, REIKKFET 2 XL — 2175
|g> _ efiEHFt/ﬁ exp(go (OTe*th _ Oeiwt))‘ >

7By go BBUND L %, | g) BIBIKIED S 2 L7 4 ¥ 5 — st 2 U i - 5
OF ARSI+ 5 HE T D o AIIEE L F— & 545 T b1, EoBHAETE
B & 2 Cl3 e\, 1 KTETIRHREN T & i LT, 2R, AIREK Q 0 1 KRS 7o 4

R T &
pome _ a4
¢ 2h (x me) ’ P mdm

[c,cT]zl, H:hQ(cTc—i—lﬂ)7 p=i

THH
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95

12725, WIHIREEZ ¢(2,0) & LT H OEEREZ FATBEIL 72 ¢(2,0) = po(z — x0) ¥ T %,

o0 dk d .
$(2.0) = ol = a0) = Y- (=0l zenla) = xp((— a0 Jla) = e~ Pgn(a)
k=0

. my2
(e, 0) = e po(a), g0 =woy/

W(z,t) = Ub)(z,0) = U)e?c ~pg(z),  UE)=e " W/ put =1

DFD

TH2, KLt Tl&

127525,

1 1
vetvt =3 SUAtUT =) E(UAUT)k =exp(UAUT), . Ue*=exp(UAUT)U
k k

kb Ccit)y=UcU 2T 3L
Y(x,t) = eg"(CLC)Ugoo(x) = efiEOt/heg"(CLC)cpo(x) , Ey = hi2/2

TH5b, thdU/dt =HU =UH &Y

dC U dU 1
ih"r = ih=cU' + Uc(—ih"2 ) = U[H, c]U = —h2UeU' = —h2C
TH205 Ot)=e"C(0) =ec 2%, LIzhoT
¢($,t> _ e—iEot/h exp(go (CTe—iQt _ Ceigt)>@0(l‘)
TAUIEED go KOV TIEMABRERTH D |go) < 1 THIBEIRW, |g) LHBT 3L

et «— of, Ey «— Enr, N+—w

DOXISBRD D 5 02 &, O FINEIREDEREA T, hw BRI LEF - BRTE 2, 7KL,

|g) EHMMRBIOSGAICEMTH %,
Qu=Vhgu, P, =iVh g, ¥ FHUZ, (857) FIEHETREN

o€ . o€

~op,’ TeN

Qu
iR %, RERNCHAE LR WA T F OMARHH
(F)={(g|Flg)={le“Fe|)
X g = g(t) 1T X DFREENICRIET 5,

indiry =3 (mg',f%m A

dt 99,

Q. P, THEEE

d O(F) 06 O(F) ¢
dt<F>:;(6Qu or, ~ om, 36,) = 1) Lo
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W5, TR NIZEDORT Y VHEITH %, € 1XREFET 5,

RERAE HE 1 | ) BB OMU/MRENCIR S5 T AT E 5, REKED A L — & —17%|X % (B50)
TRTE GUEZERTZIHRENDD, ZOBKLTITEHICK 2, FEKEFED R L — &2 —1751X
|t) &

) =bi(t) -l (1)| vac)

L, bh(t) WRIET B 1R FIEBIRIE o (rt) ZRD B, Yo(r,t) 1Z2TAE ) =L TH 5,
(232) kAT g

2
E=(t|H|t)= ff—mZ/di”rw,ﬁ(r,wv%h(r,w
+ - Z/d?’ d3r’1/)h(r t)¢h,(r O o(r, v )bn(r, ) p (v 1)
THD 5
w1210 Z/d?’rwh rot) D 1)
IS B, B35 1DOD Pl (r,t) 2 ¢l (r,6) + 00 (r, ) ITEDT 2L (¢ &l 3T BT )
h2
55:—5%/fmwynwvwmnﬂ
%—j{:J/dSrd3w5¢ﬁ(r,t)¢;4rgt)a(r,r3¢%(r,typm(rgt)
h/
272 %, (23) &[RRI, (EED 1K FIREE | ¢, ) IR LT

(Ga|unet]|ds) =D (Pa,vn|T|dg,vn)

h

s R ,
€ = (Gunl bl | 6n), held] = = 597 + ely]

WD) 5
o (hHF[ —ind )|wh>

L 72235 C, RfEFFED HF X

Zh%?/)h (’I’, t) = hHF‘ [d)] wh(T‘, t) (359)

(B19) 2° 5 (B5N) 28 <, RENICHKIE L 72 v HE A2

hur [50} 90(1(7’) = EaSoa(r)
DR o (r) ZHWT
IAGHET (soh(r) + ngh@)sop(r)) (3.60)

550 |gon| <K 1 THZE LT gy ®2RUALEEEET 2, (B59) 1

€n (soh(r) +) " gonew (r)) +ihY  Gpnep (r) = hup[V)] (%(?‘) +) " grnep (7"))
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ol EDIES TS

engpn + 10 dpn = (p [ e ] [ on) + > gpn{ep | hurle] | @y ) = (@p | hur(P] | o) + €gpn
p/

ISR Do g D2RULEZEET 2005, FUHE 2T (¢, | hur[¥] | ¢y ) & (@p | hurle] | op ) T
B X T

2

1)
(op | hreld] [ on) = = 5—(0n | V2l on) + D _{0p, 0w [Tl om0 )
hl

D Py 12 (BB0) BRAT B &

2

I _
(op | hur (Y] | en) :—%<¢p|v2\¢h>+z<s@p,¢h’|U|30h,s0h/>
h/

+ Z(gp/hpr,w 101 0n 0 ) + G { p 00 | T o1 om >)
p/h/

= <(pp | hHF [30] | ‘Ph> + Z (gpzhlﬂph/ hp’ —|— g;’h/@pp/ hh’)
p/h/

f E (gp/hlﬁph/ hp' —|— g;;,h,fpp/ hh’)
p’h!

ThHE2H5H

c3o. — P— *
ihgph = €phgph + Z (gP’h’”ph’ hp' + Gp e Upp! hh’) - Z (Aphp’h’gp’h’ + Bphp'h/gp’h/)
p'h! p'h’

127D (BE8) AR E B,

3.8 IFHEIGE L L TODRPA
JERRI 72 BRI ZE L % 5 2 — A DA (ZL 3 — P T
g(t) = fe ™! 4 flet f = RENCIRTE L 22 WIS T
T BROWEERD S, 727 L, SHBRIEF T LTI OWT I RETEX 2 (Y

R ),
—HRLFIRFE |a(t)) ORFRIFERED, REIRET 21—V — - 74 v 7R ( time dependent
Hartree—Fock equation, TDHF equation )
0
ihscla(®) = (hur + g(0) ) a(t))
S &35, BETS
plt) =D i) (i)

i=1
DIRFHEZ LI
O 1 0) DN PN ()]
ihgh(t) = D ih=gr 0] + 1) ih =5
N N
= > (hae +90) ) GO = D2 (O] (hae + 9(0)
= [ e+ 90, 5(0) | (3.61)
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THd, gt) =0 D ZOHEETIHZ pp £ 5, HF 5-ff (232) &b
[ho, po} —0, 77U ho=hurlpo] (3.62)
TH2, M5 gt) BHa/NEWEE, p(t) & pp £ ZHUIEZEDLRWVWE LT
p(t) = po +6p(t)
LIRS %, LUFTIE ho & po D¥HALICH % HF £JE

1 for hole states

0 for particle states

{alho|B) = cadap,  (alPo]B) =0adap, ba= {

TER %, () TRLEESIE, j(0)? = p(t) THE2E, ZORETIE 6p @ ph K LSME 012
Ko hup % p=po DEDDTREMT &

hur [[)(t)] = ho + oh+--- (363)
7L
oh oh oh
oh = Z P HE 1 af = Z (a b (spp’h’ + 9 it 5Ph’p’>
afB PaB 1p=p, p’'h’ Pr'h | p=pg PR’ | p=pg

o i )
ih-0p = [ho, 8p] + [6h -+, o]
Y%, D ph T

.0

zhaépph = €ph 0pph + Ohph + gpn (3.64)

g(t) DR & FRRIC LT
5p(t) = p1 exp(—iwt) + pl exp(iwt)
35, ppiFTLI—FTHIZREITRWV,

0pap = prap exp(—iwt) + pig, exp(iwt)

TH5056
€ph 5pph + 5h’ph = Z(Aphp/h/ Plp' k! + Bphp’h' plh/p') exp(—zwt)
p/h/
+ 3 (Aphpris Py + Bohprn pipne) explicot)
p/h/
72l
d(h h d(h h
A;th'h’ = gph 5171)’ 6hh' —+ % , Bphp’h' — % (365)
Pp'h’ A p=po Prp" 1 p=p,

TH?, (BH) IZBWVT exp(tivt) DFREUIMLAT—HIRETHEH 5

hw piph = (Aphp/h' P1p'he + Bphpras Plh’p’) + fon

P’ 1%

- hwp?hp = Z(Aphp’h/ pTh’p/ + Bphp'n pr’h’) + f;:p
p/h/
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3 RPA

ok-3)

GGl () e

ThH3,
H455 DNERR /N D R T U

() (2] ()=

b, TOHBEROBII—MHIC pr=p, =0 KD, RIMOEED LRV, & I35, wd RPA

HREXROBEERIE wy, KELWEE, o= XY 5, =Y 205 0 TROVEDPTFET 3, DF D,
w=wy THBERNDOANGIH L THRIFHIBT 2, RPA 2 IZM/MEEI 2 W HELD D ¥ THROH

AREIZRDH L TH %,
T I TIT o7 RPA TR OEHIIANCE N EL D b —RINTH %,

OFur
(hir)ag = s
THBH3HNH
Gowt iy = Dedog | OMe (3.67)
aq 6p,8’a' p=po 8Pﬁa 8/06’0/ p=ho

r¥5r, (663 THX6N5 A BiE

Aph, p'h' = €ph Oppr Onhs + Uphs hpr 5+ Bphp'h = Uppr i

YR B, T pIACHRIE LB BIF (B20) BB Tawr g5 = Taw g L5 D, A ¥ B 13 (B22), (522)
W—H3 %, #7'5, TP WKIRET 2556 5010//55/ #+ Voo BB THbH, RPA HERICBWTIE s T
3K v ZHVWARITAIR SRV,

(BT0) O p1 % RPA OFEHME wy LEHRZ B XA, YA TR Rag,ap (W) %

OaTaa)\ )\aT,a/0 OaT,a/)\ )\aTaQO
(0labeal ) Qlalyaz[0) _ (OlabaxNNabaal 0)) o

Raﬁ,a/ﬂ/(w);< heo — oy + iz fiw + hwy, + ie

TEET D, 7270, IRF of, /B & ph £/ hp TH 2, TEOW/NE ic 13 w=Fw\, TOM
HEHET 205, 20 K5I HEIIREICEKFES 2881 TikN 3,

gaﬂ = Z Raﬂ,a/ﬁ’ (w)fa//B/ — Z(Raﬁ,p’h/(w)fp'h/ —|— Raﬁ,h’p’ (Lu)fh/p/)

O/,B/ p/h/

r¥5e, (628 06

(3.69)

Zl/\ P ZQA YA*
hw — hwy +ie” PP hw + hwy +ie PP

|
(]



3 RPA 60

THbd, /2L
Z - (X)\* A — Ak A% f
1IN = Z ph fph+}/ph fhp) = (X Y ) ?
ph
Zay = A A _vr ooy [
2A—Z(thfph+Xphfhp)—(Y X) 7
ph
FAAEIC LT
= Z1x A Zax Ne
ghp_z,\:(hw—ﬁwx%-ieyph hw+77w,\+i5Xph>
E R IR

g :Z VABY XA B Zax YA
7 /\ hw — hwy +1e \ Y hw + hwy +ie \ XM

TH3, RPA HER LD
_(A B) (1 0)
B* A* 0 -1

(hw fmu,\+zaM<;(;\> &M(ii))
() ()
[ - (5o ) ()

772U, BTN B53) 2o, L7 T, (B50) O p1 1&

PlaB = Jap = Z Rog, arpr (W) farpr
OL//B/

THZBNE, I0% wy & X, Y TEEKMICRT &, 21 (BBY) 1272 %,
(BBR) TEHZ L R IE, —RICFKMKEST 288Hm»0E8HTE 2, RONINL =T VN
H+V(t), 727L

V)= (F exp( — iwt) 4+ FTexp(iwt) ) F = Z fap alag

THz2oM28 35, Rt = —oco THRD H|0) = Ey|0) THREEIRE |0) 12H B & &, FHl
tITHBT B IRE |o(t)) %:;kbbéo t=—00 D E H OEFRETH 27201213 t = — 0 TIIHNY
X0 TRINRIESR V., ZZTHRKRT e, (e - +0)REALL, t VERTIE =1 TH
DMOEEDLVD, t=—00 TlE et -0 THE0NHV =012k 5,

[p(1)) = e M g(t))
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YU, BREICRIET 2> 2L 74 YA —HER

ih%w(t» = (H + V(t))Iw(t)>

WKWRATBE 5
ih a\cﬁ(t» =Vi(t)|o(t)), Vi(t) = My (g)emtHL/R

THb, t=—00 TlE|ot)=|0) THZ25, ERXEHEANCHEST I
1 t
6(0) = 10)+ 57 [ _an Vitewlo(e)

HHD |¢(t)) T EXEEERAT S &

1 t 1 t t1
60 =100+ 5 [ anVice)|0) + sz [t [ e Vi e o)

COHERBRDERIX
l6(0) = (1+U®)10)
7L
1 t 1 t tn—1
Ut) = = [mdtl Vi(ty) + -+ 7(2h)” [mdtl ) ..[m dt, Vi(ty) - Viltn) + - -

WKHEDEE V ITOWTORHRXEE 2, 1 XOEEITIX

1 , ,
U)o) = — / dty e MV (1 )em 0N 0)
—00

I ; ;
== dty e H—Eo—ie)tr/h (F exp( — iwty) + FT exp(iwtl)) |0)

efzwt ezwt

F— Ff
M—(H—Eo)-FiE hOJ+H—E0—i€ )|0>

_ Gi(H—Eo)t/h <

THEMB
p(6) = e (14 U0)]0) = e E (11 W () |0)

772 L . _
efzwt ezwt

F— Ff
M—(H—Eo)‘i‘iff hAd+(H—E0)—iE

W(t) =

2725, EEATHNIZ

(e(®labaalo(®)) = (0lakaal0) + (0] (abaaW + Wialaa ) [0)

—twt t

= (0|a;aa|0> + prape +Piﬁaeiw
772 L
1 1

_ f F-F :
Plag <0<a6a°‘hw_(H—E0)+i€ ﬁw+(H—Eo)+i5aBaa>O>

TH5,

1
Raﬁa/ﬂ/(w) = <0| (agaahw — (H — EO) +Z_€(ZL/G,[3/

1
T T

— g o]0 3.70
%“ﬂmu+u¥_E@+¢H%“)|> (3.70)
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by R
Plap = Z Rapgarp (W) farpr (3.71)
D(/,B/
ERE D, Roporp (w) ZEBIE ( response function ) £ W5,
H OFEHEIRE |n), (H|n) = (Ey+ hw,)|n) ) TREET % & (&m) &

(0lalaa|n)(nlal,as0)  (0lal,ap|n)(nlafaal0)
hE:( : £ (3.72)

R ’
aparp W — Wy, +ic W+ wy, + i€

WKHE,n=0KDOVTW, HB1EHEE2HI Xy VLT I205F5 LRV, RPA TERLZ
(BBR) 1, H OEHIKEEZ RPA O [EHREE fﬁubtmkﬁﬂf%&
HF OJ5EBEEE (Bm) 1B W T, AERER HF B2 | ) »

H = Z eaa];aa
[0}

YLEbDTHE, B

f - 1y t - 1t
B ) =3 << ahaalph™ ) (ph~!alay| ) (labaylph™")(ph~"labao| >>

o hw — epn + ie hw + €pp, + i€

772U Iph™t) = afan] ) TH B, ( |ahaalph™) = dapdpn & D
Sop § S 0
0 _ , , ap YBh _ ah 9B8p
Ra,@,alﬁl(w) = 5o¢oc 613/6 %; <FI,OJ — €pn +ie h{’-)"_eph +ZE>

5ao¢’65ﬁ’
= —— 2 ((1—0,)03 —0,(1 -0
hw—ea@+ie(( )¥s ( ﬂ))

Oaa’ Opp"
=——FF (05— 0, .
m—€a5+i€(ﬁ ) (3.73)

CREHELEEE L TW5,
EERE DHBICBWT, BBERODAERT

§:|\Fm|5hw hwn) = §:|\ﬂ0|5w—w@ w>0

BECERT 3, 22T |0) IZHERETH

%
an n n n T
Rf(w)f*Rfo;gRaﬁa'ﬁ/(w)fa’ﬁ’;Z<<O|F HnlF10)_ (01FIn )t 'F'O>)

w— Wy + 1 w+ wy, +1e
2

_1 [(n|F|0)]* [(n|FT|0)]

_h;<w—wn—|—is W+ wy, +ie (3.74)
EFrE,ev4+00DEE .

et P— Find(x)
THd05H
™ 2 1 2
Im By(w) = =3 > (I(n1F10)*6(w = wa) = [(n[F10)[*6(w +w)

|0) DEEEREDE X w>0R8DIEwt+w, >0CKD §(wtw,) =0TH%, Ldo>T

Sp(@) = 3 Kn | FI0)? 6(0 — ) = — - Tm Ry (w) (3.75)

n

ThHd,
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3.9 R—F - HILE—2—FFERX
FEITOREREE L RPA TOREEMOBRICOVWTE 2 %, RPA HFRAK S (B28) 5 5

A A A
hw,\Xph = E (Aphp’h'Xp/h’ + Bphp'w p’h’)
p/h/

A ~ A ~ A
= 6pthh + E (Uph/ hp! X iy + Vppr hh’Yp/h/)
p/h/

= 6phX;\h + Z (%h’ hp {0 |a}:,ap/ [A) 4 Uppr na (O ‘a:ﬂa’h’|>‘>>

plhl
RPA T (0afay|A) = (0]ajaw|X) =0 TH 225
ﬁw,\X;\h = €phX n T 0‘ Z Upa! h@/a a,@/|)\>
/ﬁ/
L7z23oT

(01" Tpar npratyap |X) = (hwy — epn) (0 |afap|X)
a/ﬁ/

FREIC LT B* X  + A*Y* = — o YN & D
— (0] Y " Tnor ppratyap|N) = (Box — €pn) (0]afan|N)
a’'p
ooz FrHpL
(05 = 00) (01> Vo pralyap | A) = (hwx = €ap) (0]ahan|A)
a'p
b, TNOERHEE L WRTFEANBEZNZ
(05 — 0a) (A ;gaa/ﬁﬁfa;amm = — (hwx + €ap) (Mafaa|0)

TH3, LAoT, (BBR) ¥ (B3A) kb

> RO B v Ryrvr oo

Hv
w' v’

05 —0. Z - (0]al,aw\)(Nal,ag0)  (0]al,ag M) (Naf,a,0)
feangZ{—: v ow hw — hwy + ie hw + hwy, + ie

1 h(U)\_G(lB
= - E O T Oz>\ )\ 1-/ ! 0
hw — €ap + i€ 4 << lapaalN) (Alaaap] >hw—hwk+ie

hw o
{0 Jal ag ANl ag] 0) 2 Cop )

hw + hwy + e

1 1
(0 ol A) (Alal ap|0 — — -
;[ |aﬁa | |a ap| >(ﬁwhw>\+z€ hweaBJrzs)

1 1
—(0]al, ag [\ (Mo -
(0]alyag |A) |%“a|0><m+7mk+ie hw—ea5+i€ﬂ

SQBQI/BI

—Ropora — — PaBalB’
afa’f M*Ea5+i€
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7272 L

Sapars = ({0labaalN) (Nal az0) = (0 laf, az|3) (Mahaa|0))
A

el (833) £ D

Sphp’h' = Z (X;hX;';kL’ — }/;3;1* Yp)’\h’) = (5pp’ 6hh’ ) Sph h'p’ = Z (X;\hyp)’\;:’ - Yp);L* X;\/h/) =0
A A
THY, S OEED D Syorg = — Spaprar LIPS Sapary = 0o g5 (05 — ) THB. T

»5
SO‘B o’ B’

- . = RO U
hw — €ap + 1€ afo’f
f, R &
Rogarp = Rgﬁ argr T Z Rg,@ Muﬁuu’ VM'R;,L'V' o’ B! (376)

Ziti7ze s, TOHERXER—T « F)LE—%—5TEH ( Bethe-Salpeter equation ) £\ 5, Zh%
2 X RPA TR DM ZRDFTIT R ZIRETE S,

Vuu/ﬂy’ = ’ﬁp,u’ vy & T% & (BZZE) Ciﬂ%ftﬁl‘]&: 4
~ N\ —1
R:J#+J#VR:(1—R%Q RO
TH3, TZTRY, R,V IZTHITH %, RPA DEAEEIZ R DMTH 255
det (1 — Ro(w)f/> =0

PHRE D, BB
R=R"+R°VR =R+ RVR" + R°VRVR + ... (3.77)
THD, VIZOWTOEEERZE 5,

[CL RN LN (R ik

VaBa'g = Efaa f88
DEFE, N=T - FLE—Z—FERERNTRPA DRI ANF -5 RD 2, ZOBE Ropary
ZEERbD 3

R(}(W) = Z f;ﬁ Rgﬁ a’ﬁ’(w) Jarpr s Rf(w) = Z f;ﬁ Roparp (w) Jorpr
B B

N N
HEZDLEROBEBICKE S, XR—TF - L - —FHEALD
R}(w)
_ o 0 _ f
Rye) = Ry) + 1 YGRS @) = 1= s

TH 5, @@ »5

05— 0 1 1
0 _ 2 B @ _ 2 _
Ryw) = azﬁ [ faes] hw — €qp + i€ pzh [ fon] <hw —eph +i€ w4 €pp +i5> (3.78)

hw# e RBIRe=02 LTEVHE

2epn | fon|”
RO(w) = ph l/p
He) =21

2 _ 2
ph M) eph
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RPA /iR DOEAEIX 1 - kR (w) = 0 THRE S, T4 (B28) TH %, RPA INERMOER

(BTR) & b

Z (NIFI0)* [(YIFI0)
By(w h/\,>0 w—wyx +1e  wHtwy +ie

ER5M5
lim (hw — hwy) Ry(w) = [(A|F]0)]*

w—rwx

1-— HR?(W)\) =0 277 T w=w, ODEETIZ

dRY (wy)
f
1-kR}(w) =~k o (W—wx)+---
CEMATE %, LdoT
(e ) Rw) |
I(AIF[0))° = lim 5 = ————
wowy dR dR
_ f<w}\) (w—wy)+--- 12 f(w)‘)

do.))\

THB, hiE @) TH 5.

3.10 Sum Rule

FI0I—MEET YT 2L E energy weighted sum
S=> hw,|(n[F|0)]* = hw, (0|F|n)(n|F|0)
BEZ D, 12721 [0), |n) & H OERERIEEIRE, BhiEikEr 35:
H|0) =Eo[0),  Hln) = (Eo+ hwn)|n)

ThHd,

(n|[H, F|0) = (n|(HF = FH)[0) = (Eo + hwn — Eo) (n|F|0) =

THHAPNH
S=> (0|F|n){n|[H, F]|0)=(0|F[H, F]0)
Gl
(O|[H, F]ln) = —hw, (0|F|n)
)
S=-=> (0[[H, Flln)(n|F|0)=—(0|[H, F]F|0)
L7 oT

S:%(<O|F[H,F]|0)—<0\[H7F]F|0>) =%<0|[F» (H, F

ThHd,

d hwy,

(3.79)
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ZHRROIEZ AN F — hw, & (n|F]0) ZIEMICETRDZ ZLERARETH 5, ThH0
MITH % energy weighted sum (B79) ZHBHAE KD 2 Z e B TE2HE0H %5, HlziX, »
INVMN=FTV HZ%Z

o o
H=T+V, T:—%iﬂv?, V:§i;1v(i,j)
L, FHRFONME r, OB N
F=z;f(1"‘i)
& RIEARR o(i, 5) 253 BRIl L7 2 5 ¥ (V,F]=0THan5
[H,FJ—[T,N——Q’ZN[ V2, fr)] = ji( Vo Fr0] 4 (Vi )]V

=1
&ZAT
Vi f(ri) = (Vif(r:) + f(r)V
ZIT, AGHEELIED VX f(r) WEIEHT 2, ZOAZAMECT 270 ENE DTz, Zhdd
n &

(H, F] === (Vi (Vif (1) + (Vif (r))- V)

i=1

HIZ
R
(P L1 F)) == 5 S (500 V- (Vi (r) + (Vi (r)- [ £(7:). V4]
9 N
_%4 Vi f(r)? = /d3 (Vf(r (r—n)

W25, L7=DoT
, N
=g [@ron) (VIR o) = (0] 50—l

2155, p(r) 3BESMTHD
/dgr p(r) =K FH =N

ThHbd, BREIREBOEEZM p(r) 7213730 4UX energy weighted sum S 13K E %, Kl HE
LT f(r)=2%0EVf=(0,0,1) THs256

I PR

WK DEMESTIIKRE %,
energy weighted sum IZJ5EBE Ry ZFH W5 & (B7E) & b

[e’e] 2 [e’e]
5:/ deZ|<n|F|0)\25(w—wn):—h—/ dwwIm Ry (w)
0 - T Jo

r#E D, Ry OFER E@) 25 F=F Or % Riw) = Ry(-w) THB2 5

Im Ry(w) = —Im R}(w) = —Im Ry(—w)
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h»rb
h2 00 h2 0
S = —/ dowImRy(—w) = — —/ dwwIm Ry (w)
™ Jo ™ J_0o
L7z2ioT
R [
=5 7oodwwIme(w) (3.80)
ERE D,
RPA T® energy weighted sum
Srpa = Zhﬂb\ (A F[0)?
A
BEZ D, TIThwy, |A\) ERPAHEROMETHZ, 2Dk &
1
Srea = S ([[F, [H, F]][) (3.81)
DD LD, 2720, | ) [dHF BREIREE H 32NINV =7 0 TH b,
fERA BS 7R (Bm) 225
Ry =R} + f*RVRf + f*ROVRVRf 4.
THb, (BR0) Zffi5> & RPA D energy weighted sum Srpa (&
- [ 0 10 "
&mAZE;&“ Sn:—ig/;ﬂwwm{fR(m<VR(w0 /]
225, (B:Zg) mno5 S() =
B2 [ 2 1 1
So=- 27 _wdww1m§|fph| (ﬁw—eph +ie hw + €epn +i5>
Y 2 2
=5 | dwew D1l (80w — epn) = 5w + 1)) = S ey [yl (3.82)
> ph ph
Ths, BRA) % S KRATBL
1 N -
Sl = — %Imz‘faﬁfa/[y’vag/ Ba' (95 - Ha) (9[3/ - 9(1/) Il (3.83)

F7EU (2= hw)

X
(:L' — €ap T Zé‘)(l? — €q/pr T+ i{:‘)

11:/_Oodxgl(m), g1(x) =

—fR12, S, DB/E TG T BT

*° T
In = / dxgn(x)a gn(l‘) =

o (x —€eqpt+ie)(x —€qrp +ig) -

n+11#
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TH2, MO XS RERFH LORE C 2228, g (z) D
ME Z OBRBENICIFEELRVDE S

L/dwﬁxw)ZO
c
MEAETEz2=Ke?, 0<0<nTHB0bH

K e o0 oo 0o
eag—ié‘

K T
/ dz g, (x) +/ do iKewgn(Keie) =0
-K 0
THb, K00 DY E g, (Ke?) - K "e ™ 12205

K ™
/ dz gn(x) + iKlfn/ dfe’t=m? — g
-K 0

K —oo CRENE2HIEIN>2DLE0ICRINE

0 —im, n=1
I, = dzx g, (r) = ’
[m 9n(7) {0, n>2

LMo Tn>202% S, =0127%b
Srpa = So + 51

Ths, I, % B CRATS L

1 N ~
S1= 5 Rez faﬁfa’ﬂ’vaﬁ’ par (0 — 0a) (05 — 0a)

1 " _
= §Zfaﬁfa/5/va61ﬁa/ (95—9(1) (95/ —Ba/) (384)
J;{J:T SRPA 7b§5k§07’20
R X
§<HF7 [H»F]”>:SHF+SreS
2L . X
SHF:§<|[F7[HHFaFH|>’ Sres:§<‘[F,[‘/res7FH|>
ZRDH 2, HEHF O 1R TIRETRT &
1 _
H = HHF + ‘/res, HHF = ;Eaa:&aa7 ‘/res = Zaﬁgﬁl Uaﬁa’ﬁ/ :O,LU,EGJB/(I@/ N

TER —% Zhh’ Vpn hiy ERBFIZEFE LRV SEHRT 5,

[HHF,F]ZZGQBfaﬁaLaﬁ, €aB = €a — €8
aff

[F, [HHF7 FH = Zfaﬁ €a’p’ fa’ﬂ'[alaﬁ’ al,aﬂ/]
::jgz.faﬁéa/ﬂ'fA/ﬁ'(5Ba’aiaﬁ"*5a6'ai/aﬁ)

ThHE2H56

Sur = %Z € pr fap forprdpardap (t% - 9;3) = %Zeﬂa | fas” (9a - 9/?)
af
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0o =1,03=0%F70%0,=0,0,=1TH205

SHF = Z €ph |fph|2 (385)

ph

kB, LEzhioT
So = Sur (3.86)

THb, KihreEMT 2L
_ 1 _ 2 o 2
Sres - §< |(2F‘/resF F V;es V;esF )| >
F & VisgldZNVI—1+THBE30DH

<|FVresF| >*:<|FV;esF|>7 <|F2V}BS‘>*:<|VresF2|>

Lo T
511:<|Fv}esFl>a 512:<|F2V}es‘>
Eshek
Stres = 1(5'11 — S124 (S11 — 512)*)
res D)
Sll = < IF‘/rebF| Zfaﬂfo/,@'vuyuy < |G, ag - aT Tau’au :G’L’a’ﬂ'| >

(83), (B23) L [FkkICT % &

oy |

\ \
(alag : a}:a:ﬂa,/a#/ : al,agz> = (alag : aj, al,/a# : al,agr )+ (alag:a

(03

\ i 14
+(alag : aTaTauzaM :al,aﬁ/>—|— (alag: a:ra ayray :al,ag )

= (alap)(aval,) ((asal)(alas) — (asaf)afas)) = (W o V)

(alag) = 0400p (aaa5> (1-04)00p THBHDH
(alag : aLa:r,aV/a,u : al,aﬁr ) =0, (1—03)(1—04)0s
X (5,11’(161/’0/ —_ 511‘/0(/(5”/0() (6Hﬁ(sy5/ — 5H5/5Vﬂ)
L7=23-T
S11 =) fapfors Tpp ac Oa (1= 05) (1~ bar) O
ThHd,
(ahapal,ap : afalayan ) = (ahap)(al,a) (lagal)(apal) — (asafMagal)) = (1 o V)
=000 (1 —05) (1 —0s)
X (5u’a5u’a’ - 5/L/a/§l/’a> (duﬁauﬁ/ - 5/4,6/51/[3)

&b

S12="Y _ fapfars Upp aas Gabar (1= 05) (1 = 031)
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o
S11— S12 =Y fapforp Ups aar o (1= 05) (05 — bar)
= Figfars Vapr por (1= 0a) 05 (6 — Oar)
2L at B ANIZ fs, zfc’:ﬂ ffiol, HEHZX ok 8,0 & B EANMZ DL
(Sll - 512)* = — Zf;ﬁfa/ﬁl’ﬁaﬁ/ Ba (]_ — 05) 0,1 (95/ — 0(1/)
W25
Stes = 1 S S S S12)*) = 1 N v, 0 0,) (0 0 3.87
res — 5( 11 — 12"’( 11 — 12) ) - §Zfa5fa/[3’vaﬂ’6a’( B — a)( B — o/) ( . )
THB, (B3) LHBTBL Sy = Sees THEHDE
1
SRPA:SO+51:SHF+Sres:§< \[F, [H, F]]|)
W27 %,
3.4 (B31) ZAlDGETIHEAT %,

1. (E=8) RO (BXT) % ph s TR DT b

1 1

AKI[F,[H}fﬂ]l>::5}:(ﬁ%¢%hWthhrff}#%hwwféw**ﬂmfﬁhthﬁw

+ fphA;;h p’h' f;’h’)

« A B f
(0

W5 ehkmE, 1L, A Bldzhzh (B2),( B32A) TERLL DTH S, &
B,FBIVI—PTHEDS fap =i, TH %,
2. (BZ3) &
* * X)\
(IF0) = (X7 v )(f) (IF10)" = (f* —f)( ) (3.89)
THb, Zhy RPA SN (20) 75

DN | =

Srpa = »_ hwy [(A|F[0)]?
X
) A B (x e[ f
2 (32 () ()
ZRE,

3. (B3W) R#MIcHi 0 2 (B28) S &
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