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/ :: 

· Foi a:fin:i te . h~t •• syst~m · Hk; ~n atomic· nudeus'._the. riu~nh'~r • of-~1;ti~les _ iii . 
. 'the, sy~tem 'is fi~ed and any statistical cal~ulations should be perfo~nied in .· 

\ the <:anon:ical ~nsemble. Sine~ . it isisimpler. t</ dt these· chlculation:s ~ith 
• :the p·a.rtiti~Il ftmctioii.of tJie' grand'cariori.ical ·e~se~ble, this way is used in ' 

pra~tice rut a r~lJ; .· Se>, the results. ~f the ~al~{ilat_ion°s are disturbed by therm~l ~ · .. 
' flui::tuation:s ;;f the:number of particles: C ·: ' ·. ' • ' '.· ,,, '.· 

•-··. ~In ~dditio~·to th~s/pur~ly st~ti~tical·eff~cts iriin!era~tirig systems~,the 
-·~:~se ~(a.pproximat{ UilCOrrelated ;tatistical operat()rS g~rie~ally reqiiir~s the ' 
,' :';i()lation of r~lev~nt 'symmetries and this intr()dtices a,ddition~ quantum flue-
" t~ati~ns i~·quantities ~l:iicli sh~~ld in pri~~iple be ~onserved. In p~tkular .·. ' 
· standard approaches tr~ating heated nuclear sy~te~s with pairing (the ther~ . 

·.: ':mal_Hartree ~ .• Fock-.Bogoliub6~ inethod,oi-fii'iitetemperiiture BCS'inethod) , 
' C <:Violate the particle number conservaticin law arid introduce tne p~ticle ~tlIIl~:.' 

,'~b~r flu.ct~ations [1 l. _ . .•. _ .. . . · ' _ · . • . .· .. 
' .· ::That:is why somany attempts•'were made to construct·~xad or. appro;i-

mate pJbJe,ction methods [2-5] to suppress these fluctuatioris. . . _ _ .. 
' .·In' the present work,: we formulate a n:ew: approximate partide numoer 
projection ~ethC>d ·for hcit finit~ syste~~ •based ·on.the ideas.of a·quite, old 
althotigh' fam.ous:Lipkin ~ Nogami)nethod [6-8];' Unti}now~tneLipkin·c... ·• 
Nogatrii approximatio"ii. has wid~ly been u;ed for an 'appro~imate number< 
projedion in cold nucl~i~with strorig pairi~g'; -To exterici'this'm~.thod to finit~ · 

,J~mperature, we explore theJormalism of the thermo•field dynamics [9):' 
- . ·~ , .. - ___ , . . ,,- ,- - _, -.,---

; ' 

2 ; ·- Formalism .of TFD .. 
'_ ::Lef,usassunie th~t ahot,riu~iear system.inth~:th~nnal :;q~ilibriilinis 'd~_.: ·, . 
. ·,.".scribed by the partition?functfon of the gl:"and can,onical ensemble; Th~ main-~ . 
·:, id~a b_~hind the TFD [9).fs:to aefin~ a .t}ie}in~.lvacu~m-lO(T))° such that'tlie 
: · thermal expect'ation vaiueofa~y' operator· . . . L , .. 

. .: :--, ,- _,>::: \ -__ '. ; - ,- ' _- ··--:-- .. ' - ~ -- - . . - .. 

'' ' ', '' ·. ·•· << A>~='(O(T)IAIO(T)) > ' ·. ' ' ,, ,, 
<· ·. 'rro this:~m'th~ TFrirequires•,; do~blirig ofthesjs~em'd~i~es cif~~~d~x~t:t 
: .The'mi§' Hi}hefrspace of state~ is defuied thr8t1ghtilde ~ori.gugatio~ rules fc,;,· . 



linear operators .and by ine;;s ofan appropriate choice of the wa;e fon~tion 
of the therma(ground state. ,A_tild~coiijugate operator A is ass~ciD,ted with 
any ope~afor A acting in thii ordinary space thr~ugh · the tilde conjugati~n 

· · rules · · · · · 
··-, t 

(AB) .=AB; (aA + bBr =. a*A + b* B: 

wher~ A and .B,stimd for any operators arid a and, b ·a~e c-numb~rs .• The as~ 
-t~risk denotes .the ,complex.conjugation:· The tilde operation-co~mutes with 
, the. hermitian· conjugation ·operation and >m1y tild~ and non-tild,e ·operators 

--- 'are assumed.to commute or ant.icomrriute with each other. For any systerri 
. .- - . govern~d by the.Hamiltonian H the whole :fiilb'ert space is nmv .. span~ed by 

the direct product of. the eigenstate; of Jf and "those of th~ tild~ Hamiltonian 
fi having the same eigenvalues. The time -.translation ~petator is not thee~-: . 
ergyope:rat~rH,,but the thermal Hamiltonian 1-i =,k-'- iI. This means.that 

·- •··the. properties 'of the system ex~i tations are obtained· by. the' diagon~lization ·' ·_ 

' 

of ?t. : ·· ' · ·;, · · · · 
.·, It is easy to see that :with th!:! doublingofthe Hilbert space thet~inper~ 
~.ature ~- depeiident vacuU:iii IO(T)) ~as to be defi~ed_ as,,follows: .. -:: ,, ._ ... 

: ·: -.----- ' '--- .... , . · .. 
• 

1 
• 1 · · · , · Ek - ·, · 

· IO(T)) '7 J ' · ·· I:_exp( _:
2
T)¢(® <Pk,· · 

~. · Tr(exp(-H/T)) k . . 
--"' . ' '.' - ''' .,.,,, -

: ,_ -' 

.. ·. where Hf,/=Ek<Pk and iIJ>'k~ E/¢k• ' . ' ,' . 
. . The Heis~nberg e·quJtion, equal-tim~ comrriutation,relations, the tilde-

• / > ' ~ • ; ,• - - • r ' [ ' > ' 

. conjugation rules arid tlie temperature dependent thermal vacuum form the 
,'-,' . ,' \ '" - . 

basic relations of the TFD. · · · ·~, · 
' . ' 

· 3 , TFD ~oi: ni.tmber projectio~ ., ' 

· 'The ~a;e fu~ction.6f th~-'thetmal·g~ourid .sta~e-repres~~t~- a_mi,xtuie of the 
·•· ~tate' .with a differenf number of particles i~ the tilde and in the o;dinary 

' ..... ' , ' , > \ • • - ·-. - ' • ~ --- - • 

space:. , 1 j ; ,-:-; 

IO(T)) =:= L Cn~ln) ® Im) =-I: Cnmlrim). 
.- . ~ ... ,- _ . _··_ . ·, nm ~ _ .._.. ~ :_, ·. ~: · · ~m · · -. ·, _ 

('. The expectatio~ value over the thermal vacuum ·corresponds to averaging 
' . within the' grand canonical .ensemble .• H~wever since' in·, atomic nucl':'!US .the, 

nucl~on numb~r-isfixecl, orie h~s to work_.within'.the_TFD.formalism only·-. 
with the eigenfun~tioµ 'of ·the' particle n~mper operat6rs·N; and· 1V .\vith .a: 

. ~-- ' ., ..... . . - -, " - : . . . ' .,.: ' 

2: 

,· 

i' 

,• 

v 
I 

.. certain eigenvalue n inste,id.of ·aver'aging mrer thewa~e function in the whole. 
Hilbert space: ,- / . · · · 

' ' -- ; 

-~---: Njnii) ~ rilnii} ·. · 

· -~lnfi) =;: nlrin} 
- . _ __./ .. . - :,__. . ' ' ·~ . - . -

, To separate the ·required states the projection. operator that "cuts" the 
wave function with:given mimb~r of particles fiorri tp,e whole' Hilbert spa~e, 
should be constructed: ' ' ' ' . -: ' ' ' ' . ' 

. . 2;, · · · . . ·. . .. 2,r · . . . . , . 

- · Pn_:;; 2._ j e:p(i¢(N·- ~))d¢ 0 
2
1 J ex~(i</>(N ~ n))d¢ 

.. ·.c: 27l"o·I· .i · -:··· 71"0- ·_··:-· ',-~. ·• 

N·P~IO(T)) _,;, nPnlO(T)f .. 
✓-

I .-"~ 

N PnlO(T)) ~ nPnlO(T)) ·· 
• • • ",_, .. t , C • •' , \ - : • ,, • _ < ,• _ ~-. • ,- ' 

.. With ·this projector··one can obtain the· car1onical averaged value of any 
operator in the following form: . . . . . . 

, ' ·. r • 

.. :.( _jA[ ,.;) = (O(T)IP~AP11 IO(T)). 
nn .:,nn ·· ·• .(O(T)IPnlD(T)) . 

\ 

The elaboration ~fan approximate particie~number projection method seeins :. 
natural since the exactprojection is'avery~hard task already in~old nu~lei 

. [10]. This app~oxim~te particle number proj~ction·method· shmtld be sim
ple enc_>~gh for practical realization• and at thesafue time has to suppress -. 
noticeably the inflhenc~ ·ofthe parti~le riumbe'r fiu~tuatioris on calculat~d ·• 
;ariables; •· · · · · ·' · ·. · . · · 

To formul~te the' method, ~e foH~wed the ide~ of the Lipkiri-NogamL 
approximation.[6-8]. . . . -~/ ,· . ,- . . - . , . ,· . ·_ 

'Let\1s consider any operator Q defined in the 1niti~. HHber(spa_ce of a 
. nuclear system: 'After placiniour syst~m'i~to the thermal bath this operator 

··can',be-rewritten as Q =•Q@f, whereJis a uni(operat~r. in the space of 
tildestatt!s.·' One. can consider a :matrix ~lement (nmlQ!nm) as a function 
q(n) of the number of particles·'and writ~ the following'power expansion for 
it: _ __: ' . ~ . . . . - . : . ' ·, 

'00 

{ri~IQ!nm) ~ {nlQln)'=q(n) = Lqk~k ,. ·· 
.. . . '· . . . . . h:O~ 



Then 
-- - . 00 

(O(T)IQIO(T)) = (O(T)I L qkNklO(T)) ' ' 
k=D 

.. Using th,e last equation one can rewrite (1) in.the forin: 
. . I . , " 

, . . ·oo . , . ·oo ~ , 

(nnlQlnn) = (O(T)IQIO(T)) -:-. (O(T)I L qkNkJO(T))+ L qknk == .1 (2) -• 
.. . .. . . .. , k=D- ·- . k=D 

-. , ' \ 00 \. '' ', , ,' - 00 .. ~ 
· =-(O(T)JQ,~ L qkNklO(T)) +L qknk 

l k=l , · . k=l . 
·. Ari important p~int is' that the a.bov~ manipulation yields the expectation . 

value of the ~p-erator Q over the projectelstates Jnii) ill terms of the ther-, 
mal vacuum. Forinufa (2) allows one to bbtain the canonical average value. · 

-~ (nnlQlnii) with~ut··explicit involving Jnii). However the coefficient~. qk are 
. still unknown .. To find them; let us introduce the operator . 

' ' . , ~ ,· -. ' ~ 

. 00 

·: Q = Q ~-;L qkNk 
'k=l ,/ 

••• . • - ' I '. •• /, .• - ' .' •. ~- ' ,. -., ,· / 

_The' operator Q and an arbitraryfunctiori of th_e particle number operat<:>r 
J(N) 9bey the following relation: · 

, ! • ~ , ,' e O , 

,·' I (O(T)_IQJ(.ty)Jq(T)) =(O(T)IQJO(T)){O(T)IJ(N)IO(T)) 
:.,._~-~ 

that holds valid.iffthe following set of equatians:is valid:.· 
. . :~··- ......__· . , • '\ •a .. ' • . - ' •. . J ,, 

, --
(O(T)JQNIO(T))~ (O(T)IQIO(T)}(O(T-)INIO(T)) 

. . . :... ' ~ ' ' '- . . . 

· ', ' (O(T)JQiv2 jo(T)}:::: (O(T)JQJO(T),)(O(T)fN2 IO(T)) 
' --,_ 

' (?(T~IQN~JO(T)) = (O(T)JQIO(T)}(O(T)INmJo(T)} ·, 

'> 

·One. can_ i-ewrite this .set of equation,s. iri theforlll of a liriear'.system by 
returning from the operatorQ to Q. - . . . . . 

, . - '·/~ 

4 

I.· 
I 

_!, 

/ 

! I . 

\--_J

1

t_ 

[. 
'' 

I 

i 

'-J 

. (QNY~ (Q)(1-:'0' 
. . 

. (QN2):.:.. (Q)(i'V2) 

·=A· .(3) 

·.q;;:,· 

. -- .. ~. 

! ' ., '; 

.. :The elein~nt A;i or' the matrix, A- has the form A;i ~ (Ni+i):';- (Ni)(Ni), 
where (:..) means avet~ging over the tl'i~rmalvacuum JO(T)); . .· '· . . 

So·far om consideration was ~xacL·. For practi~al calc11latia"nsiorie has 
to· truncate .• exp;11siou·(1) retaining a finite ·uui:uoer of_ te~ms._ -We ~e-tairi 

. ·-the first 3 terms (this is:the usuall,,ipkin-Nogami approximati~n).~ fo'this , 
_ appr<>ximatio'n:_the dispcrsio11 of 1V;i:~ .. {:N)~-_ _:_,._·(N 2

); _va'1ii~hes;-,Tlic foll~wing. 
expressions for· the co~fficic1it~ q1 mid q2 ,{re valid: ~ · -
: ~ . ·. ,,. . . ,. - ' . .. -

, .· , (QNJ ~LQ)(l/) _ (N~)-;- {N2)_(N) 
. ~: 'l 
qi: det_(A) (QN2

)·~ {N2)(Q) {N4
) - (N2 )(N2) . - -, .,. ' ,,_ 

"' .. ,,.. 

. (~2f- (N)(N( (QN) ~ (Q)(N) . 
.. •','' ··1 

q.2.~ d~t(A) I (.~-'3)- (N:2){N) (QN2)-)Q)(N2
) 

-(lj2) ~ (N)_(1V) : .. - (J\T3
) -_ (N2

) (N) 

(N.3)':_ ((V-2)(1,n _(N.")'- (N2)(N2}. 

It is i-i6;eworthy H~ai tl1erc'isi~no~l~~;i: ri~ethod to c.1lculate ~he c~efficients' 
qk, morejipp~opriatc to prujcd th~ opc~·atorQ·~>f coniplicatcd structure. The 

, use of~xpansioi1(l) ,{llows one to gct:fo(qj; tl1e follo,vi11grclation: - . -_~, . ' ' ' ~ 

· ~'l~ =·)! d:i;:i_) L,o 
. . ' -



. 4 ·The degener.ate··single j-shell :µiodel 
I-· 

Let us consider the,syst_em of n· (e~eri) nucl~ons ,~ith th~ BCS pairing in
teraction in a degenerate;j;- shell. Th1s model has been used often in the 
literature as a test of many .body t}1eorics becau~e it is an e~actly s_olub1e. If · 
one places the eri~rgy of ~he: shell equal to zero, the rnodel Hamiltonian reads 

,, ' . , ·,r ! - ...... _ 

..: 

... ~--

G .. 
H - _;;__-'\""' a+ a+ n-a I 

- - '~.n1in"'m 4 .·, .. m 
I • 

;mm 

(6) . , 

The ~xact solutio~ i~ a set of the-dnergyJevels labelled, by the seniority 
numbers which may take any evdri integer val~e from O td n: s = 0, 2, 4;· ... , n.' · 
·The ~xact eigenvalues of the Hamilto1,1ian (6) ;re . . . . 

, ,:: . :"'.-''-'r ·, ·, ··. '. : 
· E, = .:...-G(n..,: s)(2Q + 2 -.n '- s). 

. - 4_ - . ,, ... ' 
, . (7) 

The deg~neracy d~ of each level is. I 

\. 

' -d, ~ (2:) - (s2:2}' , ,, (8) 

. wher~ 2n = 2j+J is th~ degeneracy of the shell. 
. Eq~iation~ (7):and (8)~llow 9nc to compute exa~tly, withiri~the ca~onical 
ensemble, al(the thermodynamical functions. The partition function is given 
by. -

·' .· n - . . E 
'', 'zc;::; Lds_exp( __::~) ·. 

\.,· / s=o · ·- ·. • T, 

and the groutid· state en~rgy is 

- 1 ,:. . , : '· E . 
1 - _Ee ==. Z' L d,E; e~p( ~ ,;. ) 

c s=o, . ,,_, _ · , . 

--

The finite - tem~erature BCS ap;roa~h can be also a~;li~d to the riiodeL .. 
Foll~wing the prescriptions of TFD, WC write the .Hamiltonian of the hot 
syst~m-as the thermal Hamiltonian 1i =Ji-'fI. It is possible to diagonalize -

. this H.tr'nj}tonian~ oy, means of the tJ.iermofield ,transformation :[fl,·~ 12) .. The 
thermofield tr~sfor~ation i~' fOnsh~ctfd as ~WO _suc~essive c:i~onicrir,trru:s'" . 
formations:. the s_tandard Bogqliubov { '11,, v} trarisforniationfrom particles to_, 
qua~ipa'rticles and tlie 'therrnalc~nonical { VJ, Jt=:7} on~J;orn q~~ipaiti-,' -
des to1theimal quasiparticles: · · · · } · · 

< ~ 

'· 

i 
\ 

\0 

\ 
.G :_· 

1 
t 

J 
':J 11, 

{-' 

i 
\ 
1 
r 

- f 

, 
l 
r 
'; 

( 

-', 1. ~ 

!, 

;. 

-; 
I' 

· ( a;,.) ... · ·-·, . ··( flm )·. ~ +· . I , - • + 

:, ::_:! ~J-;~ ! ) l 
/ ~ am - . . ..- : . /3m -: 

- .. ._, . '(:'. . . ) , , • I .(· .. . : ) 
A = .. i :-:J . u_ v < B =.. f . u v . ._ M . -v u ~- , fi :-v u . 

. , .• · . , . ,\ -· , , . ,, ' . \_ ,,_ . -- -
Tlie temperature - dependent ground state' of the system is _theJhermal 
va~UUII! ·1o(T)) for thermal quasiparticles,(J aud·fJ:.· . 

. . . ~ 

fJIO(T)) == 0 , PIO(T)) ~ 0. 

As we have written before, the matrix dem~rit of a~y: opirator over IO(T))' 
equals' the grand c~1!onical average of this op~rator. - · - · · 

- · To find the coefficie~ts u, v;f, ,ve suppose that the.system is in the ther-
mal equilibrium.,· It _-means that -we have .to find a: mini~um of the grand 

, thermodyriami~ potential F = (O(T)IH - >.NIO(T)) - TS. ·· Then for u, v; f 
. the foll~wing standard FT BCS ;elations are valid: . -.. . . 

• I ' ~ • --• ' 
i 

u 2 ~ ·!_ ·_(1 - ~)· 
i 2 .. e 

2 ·. 1_--( .. ,X)"· 
V =- l+- ,-

- 2 - c 
.. <' 1 

, . 1 . 
e = ✓,\2 + fl2 , f =- -- . -; -

. · · ·' ·· · · l+exp(t/T) 
,.- .. • I ' - - - •• •.• ,.:.. ,_ ·-·.. - , 

In_turn; the correlati_on function ( energy gap) S and the chemical potential _ 
>. are found from the FT B.CS equitions: In this approach we have in: our hot . 
syste~ both quantal and statistical fluctuation~, t~e q~arital ones beiU:g ~or~ 
important at low temperatu:re'and the statistical ones at higher temperature. , 

· < . As an illustrative example{ we find the p~oje~ted ground stateenergy 'Epr 

_' and~ compare it ·with 'the' ex8:ct result (i.e; with 'results .obtained with the' 
- partition function of the canonicalensemble}'and with the result of the FT 

. - . / . . - ·- ., , ' : '\ ·-. •, \ 
~ BCS approximation: · , , - _. . -- . : . . : · _ · · . , · .··. · · 

To this aim ,we use formula (2), where we place the. Hamiltonian H (6) 
instead of the <Jperator. Q. : . ' · . , : ._. · . -:~ ·· . .· ' · ' . 

' . - . - . ' . 

·_·-r 
ij, F, ". 'I - y 

EP~~ c-Gn:[u2~+
1

.v2(1 ~f)r- G[nu~(l ~,2f))~ 

---';22>.;n{[uv(1·- 21)12 ~c~;r + v;ci ~n)(u2(~_- n + v2 ij} 
• •,, ··~·· -- , ' . -- ~ 

; '.,. . '~'· -~-

\ 7 

\ 

-.:, 



I 

-<, 

- ,,,,,_ . 

. The first hvo terms in the aboveJonnula s the ground state energy within 
·. the FT BCS approximation Eucs, i.e~- · · ·· · · 

.. -- ,· ·.. ,· - ·--

. - '. En;s = ~G0. [u2J + v2(1 - f)]2 - .G [0.uv(l ~ 2!)]2 

Strictly speaking this expression for EBcs cannot be 'obtai~ed fr<?m'the stan- · 
<lard formula of FT BCS (s~e, e.g. [13, 14, 11]) because it takes into account 
the renormalization of the j ~ shell. e,nergy .·· due to the pairing. interaction . 
The corresponding term is' proportional to G [u2J + v2 (1 ·:__: f)] and is 'omit- - . 
ted usually within the standard apprnach: ' · · · · 

The calcu.lations-ar~ perfo~me1for. j.:::: 13/2 and-n =·6;th~ constant G 
is adjusted so, that ;6. = 1 at T = 0.' ,The vah1csofEBcs, Evr and Ee for 
different T _are given in table ( all va~iables a.re in· arbitrarfunits ).\ 
. -- One_can se~ from the tablethat:at temperatures.well below_ T .":' 0.5 the 

.. projected energy is'. quite close. to Ee arid the. pn:>jection. strongly improves· 
. the re~ult ~f the FT. BCS appr~xim~tion. -,Vith in~reasing T; thedeviation 
... of Evrfrom E,;/aJ>idlyjncreas~s a:nd at the same timet~ diffe_rence between, 

Evr and ·EBcs b_ecomes still smaller: a_nd smaller. Only at T ~ oo Ev; again._ -
•. becom.ei( equal .to Ee .. · .. . . . '- . . ~ .· . C • ,. 

The,reaso~ for this behavior of Evr: is:the phase transition fro~ .the_ 
superconducting to' the norm.al_ phase ,vhich takes place in· our sy~tem. at. 
T h Tcr. ~ 0:5-within "the FT BCS appro;imation. As it is w~ll k~own (4J 

- and as ~n:e·can see from the. beha~io~· of E/ as the fu~ction of T, the exact 
solution doesr:i,•t·show su~h a.pha~ tia~s-ition./The energy Ee_~nly_s~arply 

-decreases within the temperature range 0.3 :S T ~ 0. 7 and then goes qu,ite 
smoothly !o. its asymptotic .:alue .. The ~xact pr~jection [4] washes_ out th~ 

·. pha,;e transitioii as _well. \Ve can't 'avoid it with our projection,m1thod be- . r......_ , . --· . , . , - . . . . ,· , . . -.-- . ~- , . : . . . ·. 
cause the method is ,of the so called· "projection after .. variation" type. At 

· :T < Ter the quantal a;d therina.l flu~tuationsint~oduced by the FTBCS ap- ,_: -
proximation a,;~ \Vdhmppre&se~ by our method. Td"calculate the projected_: 
matrix elements ofoperatorH;·we use the.pairing ch~racteristics ofthesys:: 
temca1culated from theFT_BCS·equations which.give rapidly decreasing ti.·· 
·with '.f and S = 0 .1yT ;2: Tcr:. ~~· a_result,Epr an~ Encs dt!crease withJn'.
creasing Tin the interval 0.3 :ST :S.-Tcr faster thanEc and become constant 

. · just after Tcr• .. The coefficient .,\2 that'de_termines the projection correction -
. to E~c~ ~as a step\Vise disccintinui~y at T =:- T'cr _:->..2 ~ q. at T < Tcr and . 
· · A2 = -

2
(
2
g_I)-'at T.>"Tcr· • • · ' " - '• · ... -_ . • · C:· .. _·· .. _• . •· 

. -The constancy, of Epr and EBcS after the phase transition is an intrinsic. I' 
. - . ~ • , . ' . • ; - ' - . ' _. . . . - . - ~ ' - ' . . ,I 

feature ofthemodel ofa degenerntej-:c shell. At T > Tcr both functions de-
. perid oU"fomperature oniy through th~ therm~l occupat'ion numb~r f, but, as.· 

.. • - • ~, • "-· ~.. • -- •• - ' ' ' - '-;~ ' • ~' ' > 

,,~ ~a, 

, ·>' ,-' ',,_ 

it follows from·the ab~ve eqcations, if .6. =~0, j' = ri/2f2, i.e: f is ind~pendent 
of T. This phe~omenon doesn't-occur in more realistic systems.;. '. 

•. · At T ~ Ter only the thermal particle .!iumber fluctuations remain in the 
system. From the comp·arison of Ev; and1EBcs if is evident that the iriflue~ce 
·of the fluctuations on the ground state.energy isn't.strong; the difference 

· /~etweeri these '.two qu~ntfties is slightly liigl{er than 10% .. An important> 
f~atuie ~f the projeded <;rn~rgy .is that its-~•alue ft T = 0 and T -:: 00 . 

coincides with Jh<; asymptotic· value_ 9f Ee as it should be_ [4). • Moreover, 
when T-+ =, Epr > E~cs/which is .~lso i;1 agreement with the resun of the 
·exact number projection. -.. '- • .. . 

It is quite obvious fron1 the abo~·e forinulas for the ground state energy"· 
in different approxima'tions thaMhc'quali'tativeresults dm.i't depencl on the · 
couplirig s!rength G ;;ind numb~r of particles n'. . . .. . 

> ' • - • • • f' - ' ' 

5 Conclusion· . .. <------

- - -~ _,· ' • ' -- : " I 

We formulate the approximate numberprojectiou·method for hot finite sys-
tem~ ,and hope that 'because of its relative simplicity the meth~d cali ·he 
widely _~pplied in _the studies ~f hot nuclear syst~;ll~ · to ~up press t?e thermal· 
fluctuations of the particle number. If pairing plays an important role in 
the system,' the. ciethod can be_ used at, T ,;ell ·below the .phase_t;au"sition 
temperature {it_,"rnea11s.that for ,it01i1ic nuclei.it works for T_:S. 0.3M eV );' 
. His noteworthy that. the method can be u~cd in the framework of other · 
app~oaches; not only within the'thci·m~ field dyna~ic~. To do· t~is one sh6uld; ··.· 
calculate the en~emblc average of the operatorsNk and Q by.any convenient . 
m~thod and th~n ~~eform~lar ( 4) for _the <Jk coefficients:/_. · 

1 

• •.· .. _ 

It is quite easy to extend' the 1net.hod to the angular momentum proj~ction 
in hot nuclei or to the projecticin of matrix,clenie11ts of an oper~tor giverdn 
both ordinary and tilde spaces:'The latter example is es·pecia).ly interesting 

.for studying the giai~t dip~le ·re~onnnce 'Y decay in hot _imclei. . · , 
• ·, 'Ir,, ' • " \ ~ . ' ' 

Of course, it is quite desirable .to formulate, within the framework of TFD, 
, a'method ofthe·"projectioi{bcforc variation" type bi1t on this way one has 

to resolve a longstanding prohle;nhm; tc1 project 
1

the operatoi- of entr~py; , 
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_ .. ,- ,-· _- _Table· , ___ _ . ·-
The FT.BCS ground state cncrgy·Encs, the projected ground state energy -
Ei;~ ~nd the exact grqund st~tcf energy Ee ca!cuJated _ within the canonical 

- ensemble as,functions of the temperature T. (T, Epr, EBcs",Ec ar~d T - in" 
- . . . . - ~--arbi traiy :uni ts.) . -- · -

_\, ' . 

.-1. -

T. . _ E nc'.c; -Ep~ · Ee -
0 -3.840 _.-:4_335 -4.335 

-3.839 _-=-4.334 -4.335 
-3.744' .'.4.233 ~4.327 
~3.241 --3.694 -~4.112 
-2:151 

\9:419 

-2.256' ~3;277 
-0.670 '..2.299 
-0.333 -1.665 

.:o.}33 · -L299 _ 

..:o.333 I ~o:836 

~0.333 I ~o:605 -

c:o.333- I .:.0~343 

- ;...:;_:_ - . 
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