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AB~TR.\CT: Th(' basic {e;ltures of H artree.¡:ock r!leory are tht:. presenc(' o{ a

sin¡,(!e.panic1e hermitean common porent!a! well opcralOr and

the assocíalelÍ specrrum of (real) ('n('r~i('s and orbirals. The

n('el! {or a u'normaliz:ed Hanr('('.Fock approach [O rhe perrur.

b,ltioll.rbe¡)reric study of many-h'rmioll "yslems arises fmm rh('

possihle sin¡¡:uJar nalure of lhe tw{)-bod\' force as appt:'ars, (',~.,

in 1i(,.1 a[Qms ;lnJ nucleons. 'l"h(, Ilruedner-lIartree.Fock ,1Od

the Berhe-/lrandow-Pelschek rh("ori('..; (both 01 which r('rain rh('

idea of real single-partíc!e ('nt'rcil'S, orhiral ei"ent"r'!Clion"

\rark .supported in pan by InslirulO :-"';lciona! de I':n('r.cía ,-"';uc]ear (México).
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and a hermi[ea~ common palential) ate deduceJ fcom thé dia-

grarnmaric Dyson equarion for.rhe exact one-particlc i...rt>('n

funclion. Consequently, [he ser of assumptions rl1M IllU~t,l{O

ioto rhis equation in arder ro obtain che differcnt variap.ts ',)(

Brueckner [heot}" are rcndered (ran sparent and compacr.

l. ORDINARY FORMULATlON 01' IIARTREE-FOCK THEORY

Thecc exisr several formulations 1 ofthe Hartree-Fock approximarion;
'\J,T revicw briefly that of Goldstone which has becn uscful fOf prcvious dis-
cussions of Brueckner theory., Consi4er an N -nueleon system with
hamiltonian

where

I/=T+v (la)

fj'T" -
2m

N ,
L 'V

i = 1 t
and

N
~

i < j
v .., J (lb)

,lfH! consider al .••o [he reconstruction

\\'ith

,\' ,,22

L (- .'_ 'Vi + Vi) antl V"
f = 1 2m

N

L
i < j

N
v .. - ~ lIil] i = 1

(h)

( 2b)

wh{'[(' I JS ,in :lS yer Unde(C'flllIn cd single-particlc orefaror, rhe choice nf
\\hICh \\J1J control lhe Clln\'('r~~t'nce rate of a subscqut'nt perturbarÍ!'" ex-

p,Hl..;lt)ll JJ1 1('fll1'" (lf dlc r,",;¡dU.l! Intcfaction V wirh rhe ei~enslares uf me

ufl!,(.rturhcd h.unillollldll "r dS .í hasis. Requiremcflr rhar (he expcctation
\"alu(' (lf 11 c.l;culrl(('d ['1 r",\(.u~ lhe lowcst ener,gy cÍgensr,lte of 'In be ">ta[lOn-

ar\ Ft\{',", riJ(' I!I- c!lllIC¡" \ t 1/,.., .\nd ¡cads ro ,1 se( uf ,'1.1 couplcd, on(,-p.lrticie,
~,--'hr\l{'dll1.1!.L'r-l!kt. n("1 [In! .ir e"-Ju.ltillf}<'; wirh <l non-local por(,llri,ll welJ:
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1 1"'-(d.,,(lx-1 • 1: 2 1
,"!) "x2, -

] = 1
{ r,. 1 x) 1 "'; ( X" l '¡ i ( "",) -

l - -

- -o' 1x ) 'r (x ) cp. (', ) }, , 2 / t t

rdxm.(x)m.(x)~ O..
. T, 1'/' .,

, 5b)

(3e)

\,[J ,Jx Illeans inrt:,grarion over continuous anJ summacion o\'er discrt.'tt.'
'. jJ'"j, .{ ••••• In OCC'l¡p.ltion-number represenmtion Eqs, (2) I-H.'come

v = Y. j-fF ++ ~_LI.'.¡Fat.a._ v. kla. a. ala.-
2 iik/ ". t, --k 'i t, J,

( 'la)

I ¡b)

¡',IIFkl",JdxJdx"p'.(x,)",'(x,)v(lx -xoll"'k1x) ,'llx) (5)
/ . 1.. 1 ' , 1., 1 2

1(,)

and tht. !abellll' i ....Illtroduccd ro stress the fan !tUI Lqs. (') ,tIId th) are

c.t!cu!.I[(:d \\ ah lhe 11F ....olutlons of Eq~ (3). Ol.\"(' ••.•r t'l,Ctn' 11~Jf' nf

l.J (Íl i ....fl()fJ.d~g~!lt!ra'~ then the toral groun g\ le .......•cm

,
-)

where rhe llr ...•( term on the r. h ....•.

SUte \l.ldl!l = 1 tor rile ¡owt:S[.\

rc.,...•£. .lud dH" cllt'r,c\ ....hlft ;,,.. IS (

1••.•(11/ l ••.• l,~(:rn,ilu(" ni Un 1 {' rhe

••.•ll'~ t -[lH,llll (.\(1 ••.•and 11 t¡)[ [he,
r ~( ,,¡bit" lS ,t "lun d cll!ltrlhurion .• frnm
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<lIt corrcsponding Fcynmall diagram .••. Thcse diagrams pn,,"'css rwo kind"
nf H'uices: a) lhe four.verriccs and b) the pair-vl'nices

>- -<: i HF t----x ilF-ti 1 ';"jlkI ,
,,( ;i

k j

IH)

shoWIl wirh the:ir respective: contriburions. The HF choice 01' l' is slleh (h,lt
always rhe sum of rhe lhree fragmenrs

~--x
i

+ o
(,,', ,

1.'\ cancelkd exacr;y. In view of Eg. (H). and rhe rule rhar a hole ¡¡De (0('-

cupicd orbitl as well as a closed-fermiofl loop cach give a minus signo illSl

mean s rh,lt

HF
V,
IJ ( lO .• )

( ¡(lb)

'1he 111- encr,2\ <;hifr OI;'HF is ohr;uned hy rcsrricring me infinul' ser of dia-
pr,-un •.•,it'!l'flfl'nlng 01;' in E<l' (7) lo ail /irsl ordf!r VaClIUI1l diagrams. n:ll1lt:h
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óE 0----0 + o + o---X
(11)

-''¡I {h,l[ ".<..). IH) alle! {he ahovclIH:n{iclned rule, as \,,'('11 as lhe additional nel\'

ru'" {har lo ('aeh vacuum dia,gram une ascribes dH' faClor i6/g, wh<.'re g = 2

ur 1 acctlrdillt: as dlC diap:ram has or does not havc ¡eft-ri~ht symmetry, gin.' s

V -1I F_ ['., ,,11.11.
ij ll.11 I ]

,~ HF
- .••.•lJ .. 11.

ti , (J 2)

rhi~ foc<:{hn with Egs. 17) anJ (10) finalh' ,gIVCS

~E.n,-~2
i l I 2 ij

-HF
[) .•.• Ti . TJ

1]. IJ I I

,,(_ t.-
i '

1 IlF)-U.. 11.
2 II t

(U)

whereby il i" clear lh,1(. in (his approximation, (he original sy ....,(:m of if1(('r-

acring har~ particles has beco r('plact':d by OIle of non-inreracrin,g dr~ss~d
(llr quasi) panicles which are comp1ctely dcfined by rhe .',er of single-parricle
( re al) en er ¡.: i e.'.; atI d o rb i [a l .0,;la f(.' s { Ei ' r.pi (A'l ) ) i = 1, 2, ... N; .\' + 1, .. ,"-l } or,

equiva!('IHly, by [he sp('cificatioll of the seif-consis[(,llt ficld opera(or lI
1

•

Tllis Y('r~' simple and physically appcalin,g fl,fnlóllisrn must how('\'('r,
tw ah,llldllned in ,lny rUlsonable gencralization of [h(, 1I F appfOXlrllation.

\('verrhell''''', ir i" COllvCllient to preserve the maill poj"tof rhe aho\'(" plcture:

the u'piacullellt uf an illreraning system of hare 1',lrticles b~' '.;pl1le id•.:al
~~,.'.;tl'lIl"llllon.inll'r.lclillj!. dre~,,('J panicl<:.s. ~_'(I!.f¡f lIt;lt no"," 011('IllU"( ,llJow

fOf rh(, pn .•..•.ibiliry rhat the oc\\' quasiparticle ..• 1I1i,g11~ pu .•...•.ess lloll-1nfinire
lif('times. III [har ('n'nt. it will be impossihJe. in princjple, to characterlzt'
these qu,lsi-p;lrtic!t'.s wirh ,~al energies E

i
:lnd chreL-dlmensjoIlal sp.lti,d

func[ion'" -',(xI) which dcscribl' Dnly sfatio'lor;. <;(at(' .•.. By (l1e .s.Hne token,



dIe conu:pt of ,1 henllitcan po(crtrial fi(,Id oper~l.(or Vi \~11J no long..:' ~)(

u-.cful, On lhe olher hand, rhc {)J1~-/Jart;cI~ (;r~n¡ /U1JC!iOl1, \)1"P'I)!Ug.l' 'r
.l\\.jds dlt,.<;l' Tl(lriOIlS ~ll1d is indecd fOllfld u .•.•efuI (llr a g{'n("¡~'il'~t'f),l

'IH,If\", \\'e [hus inundllce ir be]{)\\ by formuLuing ordinary ll" rh~"1

Before definin~ the onc-particle Crcen fUllcti{lll cOIlsi'kr dlt, ,rl,h\

llllrnuJ ...•et of (pbn<:'-wave) .•..olutions of rhe .Icro-order hamil(Olll<l!l ul Lq. (' 1

IlH P~lltl\.:le 1 we h.1\T

.fJ2 2
- _V ,1"(.' '= '[' 'j; l. )2m 1 '1 1/ t 1 1

T ~ fj'k'/'); - 1 i _m,

,HH,I

'"l, llh

Id., "j: (. ) <1; ()( I
1 f ! J 1

s..
,I (14)

\\",rh~! :i" n )r1!I.llrz;ltion \"lllulllC. [n ocC"uparion-lIumher Il'prc.....entatlon lh¡'

11 T t f'

r +- ,.a,a,., f) ( 1 ';a)



1 ;rf"f''J j4"~'Ú()" i.;t",prf'tation, , ,

v ~ r d" r dx t//(x ) ,//(x ) d,\ -, 1'1L (,Y ) '~I (x,). (lSb)
¡ j . ~,¡~ -' 1 ~ 2 J I Y,. '2 1,'.';; 1
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n,~ •..lF("n~U1JCrIOn" d(,fined by Eq. (1.1), as well as thost. llf d'( i1F Fqs (3),

'1)' J; ,nl"pit-te, or¡bonormal S('t rclalcd by the unitary tran ...,l~rll:a¡jon

T,' (x) = 2 c7,,'epi! x); epi!x) = 2 c~ c~Ú')
1 i JI 1

(160, b)

" .- Cok Cok
k ' /

8,
, 7 (l6c)

~IIlC<: rhe fermi operators a:, a. crcate and annihilu[{' parricles In th<: IIF+ ' ,
-,{.lt<' (:J. (.t;). while a .. a, do so in the frce sta[e ,11.(",-), Eq~. (l6) Icad ro lhe

' l' 1 t 't,
(anon Ical trans forma tion s

a,, ~c~.a.; a,
j 1'! !

¿ c" a.
7'

(I7a.bj

J'h('n lh<: ficld and number operators. respcctivel)', can be wriucll

t/J(x) = 2cp,(x)a,
j' !

= ¿.l',(x)a,I-'J ,, (18)

h = ¿ a+ a,
7 1

=:i:a+a.
, , ,, (19)

Finally. becaus(' of Eq. (16a) \\,(. note thar Eqs. (5) alld (lSh) arc relaled hy

" . .•..• c.(.ckc,t.
P m, "1 P q' .,.Hl.PQmn q

(201

:\,gain, assurning the lowC'st eigeIlvalue of lh'.- unperturheJ hamiJtoniall T to
be non.degcflCfate. the ground-state encrgy of If \l,:ill now bl'

(21 ;
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wirh 6r~' rhe t-ncrgy-shift based on (he free-particle unp(~rturbed hamiltonian
T.

The onc-particle Green function is defined as

G.. (t-I')= <T{a.(t) at(t')}>
t] t 1

_ <a.(t) a
t
(t')I1(t-t')- at(t')a(t)I1U' -t»

1 1 1 1

with

= 11(t - t ') G. (t - t ') + O(t' - t) G .. (t -1')
'! '1

a,.(t) = exp [~Iltl a. exp [-~fftl
I! ' IJ

(22)

( 22a)

whcre t'xpectarion \'aIues are taken bcrween exact, fully interacting, ground-

state cigenfunetions uf IJ. The bar~ one-particle propagatoT is now ohtained
fmm Er;.. (22) by replacing everywhere in ir 1/ by (he pUTe kinetic energy oper-
a((>r T. sinec ,hen a.(t)= cxp [- ~T.tl a. hnm Eq. (22a), so thar

1 1j 1 1

-- exp [-~TT] {(I -71.)0(7)-71.11(- 7)}f5 1 '! • •
(23 )

.\Iso, using
a.(t)= exp

J

Eq. (l7h) in Eq. (22) wi,h 11 replaeed by" , and noting lh.ll
- i ] ol- _E./ (L., one gt'(S rhe HF dr~ss~d one-particlc propagator.

I! J J

~HF "::;HF
- 11(7) G .. (7) + 0(- T) u.. (7)

'! IJ
(24)
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Knuwledge of the exact (or approximate) diagonal r~tard~d one-pani-
ele Crc<:'n function e,. (7) in Eq. (22) is ..;ufficient to determine me exact

IJ
(or approximate) ('f1crgy shift of Eg. (21), since (see Appendix)

(25)

whn(' g i..•the coupling constant in 11 (g) = T + gv. This formula aIlows the

calcuLuior: of .lpproximate values of 6.E. and hence of ....1;'by Eg. (21), so/d}
on rhe hasi ..• vf the corrcsponoing approximatc form of G .. (t, ti Ig).

IJ
The IIF-dr~ss~d propagator is d~/in~d Jiagrammatically by

1'

and formall)' by

1 I

i=j

+

1

1,

I

¡---()
m +

(26)

cHF (t _ 1')" C°(t -1') S" +
f J f f J

i J+oo ,- o ¡IF HF+- di ~ vOl k C (1-1 )C I (-O)Ck (t -1')15 -Xl 1 klm • , m f 1 m 1 1

(27)
where Eq. (IOb) has beeo uscd to cxprt"ss both direct ano exchange contri-
butions in a single termo Combining chis wirh Eqs.(23) anO (24), integrating
ovcr rimes (after introducing the proper convergencc factors) and using the
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unHariry rclations Eqs. (l6c), une obtains

(" ) ,,- (V ")l.-E. c .. + .•..• {J'lk _C clll r"
l 1 11 k 1m I , m ."l: m.~ .~ s I-:.J

TollJlachf'v 3.nJ ,~t ¡.lano

lJ.

This infinitc ser of couplcd algebraic equations obyiu .., ...•I., {.otl[aip. •.• he
'iame informarion as rhe ordinary lJ F equations (3) foc bn,h (lccdpi(-.J lilelt'

n. = 1) as we11 as unoccupied (he[c n. = O) states., ,
Ir must be verificd rhar [his new formularion of lit' dH('ry i..•mdCl'(l

equivalent ro orher forms, in panicular ro thar of Section !. Ln u,,>calcu-
I,He rhe inregrand in Eg. (25) wirh rhe n:tarJcd part of rhe H l. -dT~S5~d proFM
gator of Eq. (24); one has

2.L
2 j ,

t = t

=...L;E(E-T
? .. J I
- '1

"c .. C. !J.
'1 I J J

(29)

rht, last step following from Eq. (28) \Virh v -o gv. ,\fow Eq. (20) 1lH " --. gr..-
Irl l. q. (13) gives

I'"F(g)= ;EE.n-£. ;E ;; p (Lc" cp 1I )(;Ec".c .n.) (30)
i I t 2 mnpq mn, q ."1: m s ,os."> j n, q, 1

from which, upon noting thar both E's anJ c' s no"'" depend on g, we h¡l\'C

IIF
dE iR)

dr,
,,- 1,," JI'"'•.•• l' P \,.;.,C cpn .••

mnpq mn, q s m5 5 ~ j
c* . C .11_) -n, q, ,

[ {
de'

'> - " • 'm.1;-g - f' P (_c.c .n.) L _~C +
,-;npq mn, q j n1 q" _"' dg p.",

( 31)

On [he otht'r hand, Eq. (2H) for Il(g) = T + gv, "lÍ'(:r derlnll.~ wirh rcspecr [O g.



multirhing b~'(-.n ...•.• umlllin~ o\'cr (i.i) and a,cain USInj:; Eq. (2H). giv(;'s
'1 1

dE.
I n

¡j:,1
"

" - ( " ')( " ') ++ _~ l", ~ _C e, TJ _ck c. Tl
11 Á;m r. m r m r r r .5 .5 t.5 .,

,,"~ ("cc'n)["{c1, '-k ¡[.km""" I.;;~ i ..•.•~ - m,
I 'm ~ r

de,'
--' +
dg

de
""
dg

(32)

This equarion permir ....•e!iminaring aIl derivarive rcrms in r.h. s. of Eq. (31)
lca\'in~ .. ,in,,, di dg f'::,l!(g) = di dg [¡.: (g) - ¡,) = dE (g)1 dg, ,h" rcsul,

~!,'IE",.(g )

dg (33)

Finally. c()mparison of Eqs. (3) and (29) leads ro

IIF
Of. ",ince 61:" (O) ""O.

A ," F _ I f 1 dg " [( fj d ) -IIF , I ]ul. - - .,--+T. G.. (1,1 g) , .
2 (J g j t di I JI I = I

(35)

'1'0 summarize, rhe rcsult ¡usr ontairH.'d for 6RHF follows basically from Eqs.
(13', (23),(21,) and (27).

'1'0 complete the proof of equivalence berween rhe rw() formularions'
of ti ¡: th<,'or) rhus far prc!-cn[ed. we musr sho\\' rhar rh(' 1{F {'quations (28)
can ind{;'('d be onrained from Eqs. (3). (9) and (lO). U~.irlg Eq. (l6) <'oc can
transflHm Eq. (3a) into

:\gain. if Eq. (ló) is u ...•('d in Eqs. (lO) togerher wirh (::!O). llfle f!-crs
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l ~c \lf l. q. (16c) r(.duet ...• tlli .••to

I'¡k

\\'hich whcrl: in ...•crt('d into Eg. (36) gives just Eg. (~8).

\otl' that from lht. hasic Jefinition Eg. (~ó) of the H F -dress('d OIH"-

particlt, propagator, [h(' frec oIH..~particl(' propagator IS being dresst'd (Jn"

witl. rhe "il'-called jirst-(jrd~r seif-energy parts. oal11('ly

~---o
1

and ,

bur acc{)unt 1•..•r.tken Id (he possibility of in~t'rrin,c rhese parts iOlO ooe

ano[he! ,ln arbltr,H\' nUlllh('r of times up [oinfiniry. Thus, in firsr and s{'cond
1 1 1 ,IIF h f 1\ ' l'lHt t.:r~ L)f~~.• oc Ut (', Intp ('ij [(' o oW1ng { lagrams:

~--D P
0-

--o

t-i1-o ---o



(,rl"f"n lúnction int •.•,pretatrrm, ' , 7 \

\\hich ;1ft' st"((JlJd-nr,icr ...•df-energy parts, Cnrrt .....pondillglv in /\/:,IIF one i ..
lncllrpor,ltlllg cIJll(rihll(ion •• nf l'aCuum di,l,gram •.•whichlrl' c\lo(r;l(:t('d from

tllt' fir ...(-ordn .•.clf-(,ll('rgy pan ...m~mi{)ned,lho\"(', i. ('.. \\ho ....l' l'xtnn<l.l line ....

:11(' j~linl'd ~<I¡.:(:(h('r. ,".0. in first ,lnd 'if'('()nd ordl'r:-.. for <:xamp\<:. orle in-
elude..; in(() /\/'"IIf' {he di.lgrams

A ---0 0---0
0----0 ~ U (S . __-o8IC.
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3. (,I:\;I'¡ULlJTJ) BRIJL( ""U,-IL\I(TRLL-L(lC" TlIL()RY

<. onsidcl (he

SISllllf!: in dcfininp:I
.!!l"fl('rali;¡ation uf rhe !/r rh('or~' dl'\"clopcd

,!JJI F I

n(\\" nne-parllclc propag<Ullf (1" 1/-1) as

"

L t,

I~

i=j + +
t' l' l'

(39)
01. form"lly .1';;

f 'Xl + 'Xl

+ ~ J dI r Jt'
;. _ ~ 1:.. 'XJ I

~K (I-t')
klm Ji,km 1 1

\ YJal

wi th

Klk (T)=K'k (T)-K, ,(TI.t. mI. m t ,m ~

T11(: "h,l'~t'd. "t,loh" i'1 1"'-1- (VI) ' •.••1 gync[,di/(',i HrtH kr~j'r n.',IU 01 !l UrJ.'. d
li!ll,J .t .•.•- ~J\, ,1(-1'\ IIf

1, t J .¿,
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+

( I¡Oa)

and formall:; as

K, kl(I-I')" /', kl 6(1-1')-
IJ,. 'J.

. +"'0- / f di
h -XI 1

',; rBHF(_ ,J.. "p t - t
pqmn 'J. mn m

r,BHF ," (1- 1 ) Kp kl (t - 1 ) ,nq 1 q, I
( ,jOb)

rhe abov!' fnrmulaliOI1 is mf)r~ g~tJ~ral rhan the usudl HIIF rheory in rhar

J)f¡lh particle.p,lrticlc as \I,("l! a •• holc-hule laddersJ are included, sin ce in

Lqs. (-tn) t> J a~ well as t < f .He possible. .\Iso, as is clear fmm Eqs.
1 1

(y)). laddcr lnsertions are possiblc bulh in hole as wdl as p:1fticlc lines.

rhe 1 t1C1J1.Tn c1iagrams whosc corltriburions are account<:d for in

~r'~~,
2 -o g

(¡J )

1fl .tn.tiop:I)US

in .•.(l ,1,1 pI che

, 1 I I ' I I ' t /,H F '1 h[n IllPSL' lnc.u<. ('( In ca cu aong ..3.~ pre •....'ous y. CA.Ccpt { ;I[

"!),lf{" t -i,JtL'rdClioll 11Ile.'" \\."cnow h.l •....'. K.ilJ(('raction "bIno",".



1'ollTl<lchc\" and d(, Ilarh)

. 1 ' .HII!- - 1 f 11 - ..
I"(}[ t':\amp (". IOCn Ll/: tlf]t' lflcorp\)L1t('S t H' o pWln,g dl:lgrams

O---D a~D(ED etc.

o (V\p;J;~(i;) etc.

O-D -- 1) ---=-D
etc.

---O --.£)

--- -O ----O --O

e te.

etc.
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\tlt(' rh:1t all flr .•••r<\nd second-order \"3CUUm diagrams are Inclulkd in Ar/iHF .

\1 .••1'. Inall\ hUI nol all {hird order diat!ram~ .HC included; in particular I){lC is

iflC!u\llflt! thlrti-ordcr d,awams \¡•.¡rh self-eoerf:Y lIlsnIl{)n~ Id tht, fir.<,ot arJd

"'t •.-\lllIj ,:;dcr !1,¡r (l1l(' 1'" nOl ,ncluding rhird urd([ di,lgram ... like

íYO O-D 0--0 h~J\\l _-O _-_ _ _ - 0J etc.

~(I\\,. il .•.('('ms Ih,\{ in prillciple ir is impo ..•.sible tu r('furmulare th('

aho\(' Kt'llualizt'c/ IHIF Iheory in such a W,\y {ha! {iJe lIotioll of r('al sin,g!e-

partlclt' (,Ilcr.c,i<.'s. orbiral cigcnfuncrionsand hermitt'all C(lIllIllOIl potential-well
i ...rctaincd. :'\ollcthelc .••....it is pussible to introduc<.' c('[(ain ,lpproxill1atíolls

which ,lllow u ... tll k('('p lhis piL"lUre and \\'t' now CX,tmj'H' rhi ... ill d('[ail oh.
tainillj.! the u u:.1 Hrllt'ckl1n-llart~('e-Fock7 as \\"ell as rhe Ikth('-'~rando\\" .\nd
Pctschd,''< ... heme ....

('Ofl"l\kl Ihe t'((I..'C[I\'(: ifltcracrion K-tll'J(or,ltllr in Eq .... ()I)) to ~l('{

llist[JJlta'J~(jfj.s¡'" 11.\IIlt'ly put

i:.kU-t'lIJ. mIl
1 L~l

I'hi ... ,l"'SUI11J1tillll IlL\kes Eq. U9a) cnrirdy analo,gnus (o Lq. 12/) \lf ordin.lr\"
1II d:('pf\ ...() (h,1(. cdrrcspondingly. Ilne now h,1 .... ins('~.d \)f Lt¡. 12 í).
punill¡': ti - l.

IlIl F ( , )
(, i i t - I

-(}II-t') I 1)1

( I , ,
" e 'I*"')("J"

"'1 '<; .~ '<; "
() I 1 í)
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which are formally lhe same as lhe 1I F equalions (28) excqH that [he hare

interaction operator t,' is rcplaced hy the (instarnaneous) reaccion oper,ltor
K l3I1F .

'\Ioreo\'cr. as in uhtaining Ec¡. (30) previousiy, Oll{' no\\' gers

!;,I::Il-1F = ~ E .n. _, ,

v(_ E.
, ,,

wiJere \\'c ha\"(' defincd

¡ UBJlF
}_' n,

2 t 1

U 8,JI F ~_ ' £lJlF
- ~ U'k c:.Ck,1 ;k ] J t 1

(45)

«(¡7)

Equations (44) (() (47) conslitute the basic expressions üi standard HII F

rheory. ~ow the main assumprion Eg. (42) is strictly spt"aking not con-

sistent with rhe defining Eq. (4011) for the reaction operaror 1<.. To scc lhis.
subsritut{' Eq, (43) ¡nto Eq, (40h) anJ, def¡n¡ng

+~
Ki, kl (w)" f dI exp
}, - "'"

[iw¡JK.. kl(t),
'J, (48)

multirly rh(, result by cxI' [iúJ¡) irHcgrating over t from -00 tu +00 and

making the appropriate change of variables, one obtains (with TI a small
po .••itivl' quantily).

K (w)- " "" '_' e c* e c*.. kl - "il',kl- -
1}, rnnpq l}.m" .'11' m."l p!'. nr qr

{

(l-" )(1-,,), ,
-~--------
E.~+ t., - ú) + ir¡ E +.,

K kl(cu)pq,

(49)
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which j.~ c1early jl1crmsjs/~l1t with Eqs. (:í2) and (:,H) ~'hich would ~IV('

¡.c., t'flef~y~ind('r('nd(,l1ce uf the re<tctiun 0pcfilror. Standard IBIF rhcory
igl1r)r~s t¡'~ lasl t~rmS.b in Eg. (.il) ¡lnd furtherlllorc aU('lIll)(S (o rcconcile
I-:q..•. (.19) ilnd (')0) by llsing an "av('fa~e" va/ut' of CiJ.

Final:y. wc di ,'<;ClISS (he He{he-Hralldow~P('(sch{'k rhcorc:m,8 which IS

es."enriallya sch('me [har again ¡){'rmit~ a standard sin,gle.pnrticle inferprc-
[a[ion of Brucckner theory. T1l(' a ..•sumprions applied ro the ,gcaeral formal-
ism Eqs. (39) ro (40, ar(:: ,1) ne,giec[ cOIllP!t'[c!y aIl hoie-hoie Iadd(.'r~ in Eq ...•.
(,10). b) r('place all parljcl~ propaga(ors by th('ir zero-ord{'r approxim¡uioll
Eq. (23) anJ e) in dressing dH..' bare hr)'~ Jinc~ consider only a c('[(ain cla, ..•..•
of in.scrtions namely. thosc with rimc-ordnin,gs like, ('.,g .. f(lr ..•('c:ond~ord('r
insertions:

t' ti

tti t, time--O -~O
¡ t' t(t I

- hut 1J~{!!~ct those in ..•crtions wirh {iml.: orders likc

t, .!J ____O t time
t( t

t'I
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PUf briefly, in che HBP rheor~. only hoJe linc"'ó dppear drcs.sed and rhen lmly
wilh tl restrÍeted elass of parricJc.-p,HCic/e ladders. The rC,lStH1 for .1~-

_~urnption (e) is jlL"r sUnlmaoiliry of (he ..••c1cC(ed ser of ¡usen/OJls. IIcllce

in (he BBP thenr)" ins(ead of Eg. (39a) Orle has: [or ! < l' (hoJe propa.c:aror)

I
" ,
J di

1
2: KGlJP (/ _1')

klm tI,km 1 1

X(1~(t-t )(,0:/31'1/'_1 -O) (;kU..IlPl/'_/')
, 1 mIl J 1

and fOf 1> l' (parricJe propagaror) ju,,>C

151 h)

Instcad of l:q. (iOh) one 110\\' has 1m riH" B'3P fC:lcciOll opnator: [or t< t',

K!3BP (1_") U
ij ,kl

while, for 1>/'.

x (;" (1 - / ) K ~13P (1 - 1 )
q J pq,k! 1 ( 52b)

1 nlli'. j f. 1 1 . .. 1 h [lBF 1 .<ln( \l.'C note rhar K IS (' 10(.'( ess fC"'CrIC(I\(" y [ :ln K a ){)\'C. Lq.

(42). Comhinin,g [hese [\\'0 equations wirh Eg. (25) OrlC' ObC<llrJS. [or T po~i.
(¡Ve' on[\" of ("nurse.

. T

t' .. ki S(7 -O) -i [ di ~ r.. p (~_r1p)(l -11 ) •
t]. -(."_.,-! IpqJ}.q q

• exl' [-:, 7p. t T \(7 -1 )J KpillJPk 1(1 )
l:; q' 1 1/. 1

wlwsl' Fouricf cransform by Fq (-18) is

IÓ 3)



( I - "p )( I -11 )
nüp , ).' J q KHBP ( )K k'/(('))~ l .. kl- _ I P -- -----~ p k¡ úJ
'1, 1/. pq tI. q T + T -0.: q.

p q
(54)

81

Equarionsl"I,Ican IWW be soh'(,d by' writing.in analogy \\ith El]. (2.i)
Íor dH' ordllLH)" /11; -dr~ss{"d propagator,

(; [;>jp ( I -1 ') = "'P [- ~ T (1 -1 ' ) 1 (1 -11 ) 8.. 0(1 - l' ) -
J J 15 I . J 1J

_ 0(1-1') CIlBP (1-1') + 0(1'-1) G'BBP(I_T')
J J t J .J

the first term 00 (he r. h. s. being the particle- and the seconJ tccm lhe hn!e-
propagator and whc[e the c's <1nd E's are rC( ro be d('(crmined. Combining
Fq'>. (55) <lnd (~3) Ínro Eq. (51a). lisiog Eq. (l6c) and Eq. (48), o11e arri\t::->
•.H

(T,'- E.)(II, exp [-~T¡J-II cxl' [-~E IJ)c +
.J tí 1 .'5 /1.''1 l.5

+ ~ ~ K,B¡8k'm (E, TE) e ci " Ck (exl' [ - '- TI] - cxl' [ -! E IJ ) 1111 = O.
kim r' j: mr r r.5 1:0 J l;.'t t."J

Thu .••. ir follows direcriy thar for occupied states s and j, Ti =11, ,

while for unoccupied Statcs s and í, !l :::: 71. O:, ,

and {or s and j such rhar eit:le[ 11 ~ O. r, -- I or n = 1.11, O:
,"1 I .~
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(S"')

Finally, Eqs. (SS) ro (57) uscd in ,he equanon

6f!BBP,,~¡'dg¿[(~~_T.)GBBP(t,I'lg)] (')8\
2 o g j í dI 1 '] t'=t

gi'"l'.<;;, analogously as befare,

BSp ~ 1 '\.' ~ ..••BBP )"
E = ¿.E 7J --..:.. ~K"k/(E +E c. ck e.c/u rJ

.5 .5.5 2 ijkl r.5 'l, r.5 13 .5 l' , .5 r

BBP
"¿(E -.!..U )tI

.5 .5 2" .5

wherc ('!le defines

IS9a)

, I3I3P() •l V'L S c. ckik t~ l~.5 (S9b)

U,l3kBr' (s) =: 2: K~.BkPI •
jlr JJ. (jr e/Tu,

which are t1H' haslc equarions of BBP theory.

(S9c)
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APPE~IJlX

R3

For rhe hamiltonian lI(g) = r + gv wc pro ve that 1'1';'" /;'( l) - E(O),
wherc F(g)" <Ij'(gl III(g)1 'V(g) > , isgiven b)

6¡:=~J'dg:£
2 o g ¡

[(~~+ '[') G(t, l' lel]
I (JI J JI ,

t = t
(I.I)

lJsing th" definition Eq. (22) for the retarded Grecn funcrion one has

h (J - , I~ -_G .. (I,J g)=
i (JI JI

1J ~<a+(t')a.(I»=-<a+(I')[II,a.(I)J>
(JI J J J J

,be lasr srep following from Eq. (22a). In view of Eqs. 05a) wirb v ~ ev

[1I,a,.(I)]= -Ta.(t)-g :£ v'k I a;(t)a (I)a,(t)
J J klm J , m m

so that

I :£ [(~ :<'-+T)G¡¡(J,I' Ig)] = t :£ <a+(t) a;(J) a (l)a,(I»
2J tdl J t'=t2jklm J m

Bu r " g < ljJ (g) Ivl IV (g) > .

= <1jJ(g)lvl'v(g»,

(1.2)

.so one finally ha.s

whieh from Eq. (1.2) givcs Eq. (1.1).
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J{ESL\IEN

I.U$ elementos hásiC()", de la teoría de Ilartrce-Fock son la ('XI "'[('fl-
Ci;l dc un operador hermitiano. que corresponl1e al potencial común el, una

sola panícula. r el espectro asociado de t-'nc[j!:ías [cal(.s. La necesidad de
emplear UILl (corÍa de IIartrcc-Fock renormalizada surge de la posib!t: cxi <;;_

lenc-i:l de .,>ingularidades eo la fuerza de dos cuerpos como sucede. por ejem-
plo. entre ;-ltnn)os de 311e r nuc1eooes,

L.t ...•{eOlIas de Brueckner-Hartrl'c-Fock y de Bethe-Brandov,'-Pehchek

(que r('(lenClI la idea de energías rea!t:s dl' una sola partícula. de orbita1c" y
del po(cn,ial común hermitiano), se deducen de la ecuación diagramática l1v

Py<,nn qtH": d"!H' "dtlsfacer la función de Greefl de una partícula. Como ('un
S('cut-flci.1. Los ~;¡rposiciones que se dehell hacer para llcgar a las distintas

variantes dc 1.1 (["llría de Brueckner. se expresan en forma compacta y CLlf<l.




