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, Heated finite systems like, e.g., hot atomic nuclei hav~ t~ be described by the cani>nical partition 
function .. But this is a quite difficult technical problem and, as, a rule. the grand canonical partition 
function is used in the studies. As a result, some shortcomings of ihe theoretical description appear 
because of the thermal, fluctuations of-the num~r of particles. Moreover, in nuclei with pairing 
correlations · the quanta! number fluctuations are introduced by · some approximate methods 
(e.g., by the standard ·ecs method). The exact particle number· projection is very cumbersome 
and an approximate number projection method for T * 0 basing on the formalism ofthermofield dynamics 
is proposed. The idea of the Lipkin-Nogami method to perform any operator as a series in the number 
operator powers is used: The system of equations. for the coefficients of this expansion is written 
and the solution of .the system in the· next approxiination after the BCS one is obtained. ,The method 
which is of the «projection after variation» type is applied to a degenerate single j-shell 1i1odi:I. 

.The inv~siigation has been performed at the Bogoliubov Laboratory of Theoretical Physics, JINR. 
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1 Introduction 

For a finite hot system like au atomic 1111dc11s the muuber of"particles in the 
. system is fixed and any st.atist,ical ci1k11latious of properties of the system 
should be performed in the ranonical ensemble. Since. it is often simpler 
to do these calculations with the partition fu~1ction of the grand canonical 
ensemble, this way is used in pract.ice as a rule. So t.l1e results of the calcu
lations an~ disturbed by thc·n11alH11ct11ations oft.lie number of particles. All 
standard approaches treating hca.t.ccl nuclear systems -·- the thermal Hartree 
- Fock or thermal Hiirtrec - Foc-k - Ilogoliuhov met.hods, the thermal Bardeen 
- Coopei:; - Schrieffer met.hod, the t,J~~!mml RPA suffer from thisshortcoming 
[1]. Less popular approadws have this short.comin'g i~s well. For example 
in the thermo field approach [2] thermal fli1ct;rnt.io11s appear through the 
thermal Bogoliubov transformation. . · 

Moreover, some method~ of treating p,i.iriug correlations ( IlCS or HFil 
methods) introduce quanta! fludnatious ofthe 1~article number in the finite 
system'. Th~s~ fluctuations arc espe~ian;, danger6us if pairing is _weak, e.g., 
near the point of the phase transition from superconducting to normal phase. 

: That is why so many atterripts were made to construct exact or approxi
mate projection methods [4, 5] to stippress these fluctuations. 

# • 

In the_ present ~vork, we formulate a i1ew approximate particle numl.>er 
projection ni"ethod for hot finite systems based on the ideas of a quite old al
though famous Lipkin - Nogami met.hod [G-9]. Until now. the Lipkin - Nogami 
approxi~atio~ has widely been used for approximate number projection in 
superconducting cold miclci.'. Ti> cxt.cml t.his inct.l;<;d to fo~ite temperature, 
we use the formalis1'n of the t.hcrn.10 field dynamics [2]. 

2 The thermo field dynamics. formalism 

Let us assume that a hot nuclear system in the thermal.equilibrium is de
scribed by the partition fund.ion of a grand canonical ei:isemble. The main 
idea behind the "TF_D [2] is to define a thermal vacuu~n IO(T)) such that the 
thermal exp~ctation value .ofai1y operator . \ .. 

- . 1 .. 
«A~=. Tr(cxp(-H /T))T1·[A c:i:p(--:H/T)] 

equals the expedation value with res1>ect -to the thermal vacuum state 

« A ~= (Cl(T)IAIO(T)) 
' 
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i 'For this airri th~ TFD re~uire~ a :doubling ~f tlie fi~ld; d<!grees ~f freedom. . . 

. 'The new. Hilber~ space of states is defined through tilde ccmgugation rules for .. 
linear operators and by 'means ~f the appropriate choice of the wave .fU:nction . . 
~f the th~;nial ground state. A tilde conjugate opera.to~ Afs 1issociated ~ith .. / i • 

• . t • ,· , ' • ·• . - : .. : . ' .,. , , ., ' • l, 

ariy operator .A acting in the ordinary space through the tilde conjugation ·' · 
rules ' · · · · · · · · · ' · · ' ' · · · · · · 

,\ :...· ! , .. -~ ~ • ·., ,: ._1: '. '. '. ' ~:,·,, '.'. •,;,,' _.I .. 

. \ .. •·· (AB):=:= AB; (c~A+ c2Br =;=: c;'A + c;B, , .- , 
·:.,,·· .. ,-./- ,>t·; .... · .. >(,.' ~-. ,', ::.,_:··. :.:.· .. ,:,•·,• .. ,· ;.: '.' '. ~ .. ,,_ ~--·" _'·-._,_,··.: 

where A' and B stand for any operator's.and c1 and c2Jare c~immbers. The as~ 
t~risk deA~tes the complex. conj11gatiori; The, tilde ope.raticm commutes ~vith 
tl{e'.he~mitiari conjugati~n operati~n·~nd any ,tilde and:~on-tade,operat~rs 
.ire assumed to COillmt'ite ~r ~ntic~milliite :with each. other. Far' ~y system 

',• \ _ , ' • ', , , '. , . • ,' , ' , • 1 l ' ~ - ) ' ' ' .· - ., : , 

governed by the'. Hamiltonian H the wholeHilberfspace is now spanned by 
the direct product of the eig~nstates of H and \hose ()f th~ tilde Hamilfonian : 
H. having.the same eigenvalues. The time - translation operat~r is riot the en.! 
. ergy 'oper~tb~ H. but the .thermal' II~miltcmian 1-{ =· H :_ff. Thi~ means that,· 
the properties '6f th'e syst~m excitations are 9btained· by the ~iagonali~atio~- ... 

. bf'}-{,_'. ... •· . ·.:····· .. 'i .. - ,\· : ····-•· ;•. •· ·:\·· .. 
. ' ·1~. is easy to see that with the doubHng ofth~,Hilbert: sp~C~/the:temper-

ature dependen~vacuum jO(T)) has· to.be defin~d· as:fC>llo~s: , 
I . 7"' i-'. 

1 .Jo(!)(=',:'.,:.•: ,:L_ ·· ;· Ee~p(-Ek)ik¢k, 
· jTr(e~p.( ~H/'{)) k , ,_ _2T , 1 

1I <Pk =Ek<f>k and fl J/lh_-EkJk.) ,, .. , ,··.• .· , 
The.' Hei~enbe~g e'quati~n; equ~l-time c'ommuta:ti~n. relatic 
jugationrules a~d the- temperatur~ depend~nt ther~~l ' ' 

sic r~!ations ?,f the TFD.' . . . .. ' . ' . . 

; ' ' ''t . 

TFD for the' pirticle 'number'projection ·· 
. , '.'. •.,. ·'\ !•,-···'.~~ .. "·.:. \ .·. ·:." : ,, t•·.>:.·:,·,'~:,. ·-· ... :1.'\. · .. , ·,,~-~·.-,,· / .·. \\((" ... : ·-... _>, 

The wave function of the thermal ground state represents the mixture .of.the 
i state wi,th a diff~r~nt riumber ~£particles;: .· , , . . . . . , . . . 

IO('.Z')) = :Ecnil~) ® lrh} ~ t Cnmln.~}'. . 
.···,: 'nm_;... ' ·. · nm ·. ·· ··.· 

• The expect~tion -yil~e over. tli:e '.th~~nihl ;ac~urii. corresponds .to th~ a~eraging 
within the grand canoni~al,ensemble·. Since _in ato~ic. ~uclei the n~mber·or 

,\. ' ~. ' , 

"' .•. ;. .,,'2 ·fl ..•• ~... 1·· 
·!iii. f~tn~r..•.•, <>.•~jHI.· .: t;1_••'-.•.'._.1l ..... • ·. ~~~,:imu. Hc.c.s~~:Jn,wan- .. 
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particles is fix~d, any"'statistical studies of their properties should be per-. 
. formed in the ~anonical ensemble. In the: TFD this means that one has to 
work only with the eigenfunction of the particle number operator N chan{c
terizirig' a certain eig~nvalue n i~teag. of averaging ov~r· wa~e ftinctionin the 

/ 
"(• 

~hole Hilb~rtspace. . . 

NJnii) ,= nJnii) 

' NJn,ii) ~ nJnii) . 

. To 'separate the. needed states the' proj~ctiori operator, that '.' cuts'; th~". 
wave. function 1Vith give1,1 number of particles: fro~ the whole. Hilbert spac{;, 
should be ,constructed, ' ' · ' ' ' ' 

' - 21r, / . :,'.,, ' . . 27T ., 

·p~'=
2
1 J exp(icp(fi-'n))d~&J.

2
1' j ~xp(icp(fr...c~))d</J. 

- \_... .~-o ~-.. · _··.•.>:.·:- ·,·:·: ··· :._ ,\· 7r.o · ·.· .·. · -~ · " 

i. !, 

· N PnJ0(T)) == nPnJO(T)) 

fePnlO(T)) ~;~PnlO(~)) 
\ ;.. ' . . ' ' ' . ' 

;1 

With. this p~ojector :one can .obtain a canonical averaging v~lue of· any. -i:, 
oper<;1-tori~ the .follo~ing' f~rrn: .. · ,, . . . ~ . . . . .·. 

/ 

(niijAj~ii)'=:(O(T)JP:APnJO(T)) 
. (0(T)IPnl0(T)), 

' ' . ., ''' ' ' ' . \, ' ··, 

, . The {;lll:bo~ati1n of an approxima.te'pa~tic}e numq~r proje~tion method ,seems 
/ natural •since, the exact projec:tion is a very ha.rd task already in cold nuclei 
:'.. [1 i]. ·, This appr~xirilate _ p~rticle. iiumber projection ~ethod sh~uld- be iimple 
'.'enough for practic

1

al r~alization .a~ well as noticeably: s~ppre~s the i'nfluenc,e ~, 
. oHhe particle number fluctuati~~ oh.calculated ~ariables. To forinulate the . 
method,' we 'rlosely /ollovved ·the" idea of' the Lipkin: Nogami approxirilation' 
[6~9Jwdl-known,iri th~ theory of cold superfluid nuclei .. ' · .. , , . ', / . . 

' Let ,US considei, any operator Q defined in the ,initial Hilbert 'space of 
., nuclearsy~tem. -After placing

1 

our system'.into the th~rni'.al bath this operat~i 
. . ·ha;e to be re~ri~t~n as Q = Q 01, where Iis:the unit operator'in the spa~e 

\, -· , I"-- , ,. :· • ' ·,> I ·,. \;'.: . ·.· . ; . - . ·, 

of tilde states. One can consider a m.atrix element (nmJQ[nm) as a function,· 
• .q(n).ofiiuII1be~.~(particles arid writ'e the following power exp~11sion for it: . 1 

', .', • •/ : • • ! •• '• -~• ... • ~ K • .t •' ,- > • ,• ,.\ '. • 

" '·(nmlQJnm)'~~(nlQln) = q(n)~'f:qknk"; 
, , . "· . k=O , 

(1) 

·I, 

, 4 

-~ ·\ 
:\ 

,·, 

11; 

11\': 
· -ll · 

'~~J/ / 
·, ' 

I 

I i. 
Then we obtain that , 

I 

.. ·, OC I 

(0(.T)IQI0(T)) == (0(T)J L qi,Xkl0(T)) 
. k=O ; ' 

I 
,· , . I . 

.Using tlic l:i.st. cq,i,itimi om•.'c:m,rewi·ite (1) in the; form: 
' ~ / . • ' ; . ' : '': ' '1. '. t 

'11 

. , .•. ·:··~ :. 1·.r~ . 
00 

.,· i··. · 
(,;1iJ(JJmi) =: (o(T)IQIO(,T)) ~- (O(T)I L qkNklO(T)) +iI: qkn~ = ·. (2) 

_\ ' ' ' ',. · · , , , k=O · ·, . ' . k=O ' . ' 

i 

( , ' 
' 00 '.x, . 

',,;;;. (0(T)IQ>-.E 'lkjykl0(T)) + L <Jklik 

' ' . .>: '' : ', ; ,k=:, : I,: . ' k~l '·. . 
. -. The imi><>rlant point is t lmt, t lw _11bm·i· 111anip11lation yie·lcls the; expc·c- , , 

\, tatiou .val110 e>f. the• op;~r:1tor,(J withn·sp1•ct' to, the· prcjjected st~1tes. 111 ,~) _iu: •. 
:tc!rnis e>f.th1{thcnunl var~1Gu'L.:Thi· nse•of for1uiila (2) allowso1~~-;t<> <~l;t;~in ,i. 
cam:n1ical clV(!nig~~yalm((1ni.J(Jl11ii.) witho~1t c::qilicit inYc>l~·i£1g J1111);Bnt the 

'C<>effici<;I~t~. 'lk. arc st.ill• ,iuknowu. ', Tel find them· kt us· -introd11cje\; th!' <>i)('rator ' 
' { ', ' • ., '\ ',•, '• I '. ,• ' • • 

, CX)' ,' 

(."'f · .. · .. •~•- . rk ( = {J .;:- L., 'Jk.J\ 
, k=I .. 

':i1ic foll(J\vi1~g rcli~ti~>n tak<:~ plac/for the) :ip'fri1te>r q .~1~d :;;uy arhitran~ 
• ,, • :, ,. f ' ' .•,• '.' ' ),. • ' •• • • '. •• ' ' ' .. 

·fm1ction of th:c! pai'ticle number opcratorf(N): ·.. . . . · . 'I , 

(0(T)l(Jf(N))0(T)) = {O(T)IQIO(T))'(O(T)IJ(N)IO(T))'; 
.· ,: 'i,'' ''_ ' ' ( ' ; t, .' > • ~ •.'• ' i'..' •. '·> .. \ '. ''. ' ,' , " '•, ' • •. ,' ( ,, ' •, : ,_ 'l /, ' ', ' • ~ •.: • { ,.,, 

The itbov~~mentione!d c~111a:tim1 is satisfkd for, :1.m·· m:bitrary f{111ction j(K) , 
then, and only th~~l if ,tlui follm~ing set eicqu:1fo{1is i~ rnlid:· · · '· ' · 

'• • ,, •',•, I • 1; '("' {' ' 

t' , •. • _,·· ' • • .•. ",·.·\•, •• ' ',· ' 

'' '(0(T)IQNI0(T)) = (0('T)IQI0(T))(0(T)lNJ0(T)) 
; , I,, '' ,, • • \ " / / ,' ,,, i. ' ' . , .', '\, 

((l(T)J(JN2 JO(T))" = (0(~)l(JJ0(T))(0(T)JN2 JC)(T))'. .. , ,, . . ·,.,. . .. , ,,' ,,. '. . . . ' 
1' 

..... 

' (0(T)IQN"'I0(T)),~ (O(T)IQJ(l(T))((}(T)IN"'IO(T)). . 
,,· , ••,, ' ' ,',, + ,', '.. . .• . . . ,; 

rrwrifo this s<!t M cq1i:it.ioi1s i1i t.Iw form·of a'liu;•atsysteu~.'by 
,· ·•. ' • • ' ' , ,., ' • I ' 

· • , n,·u,r!1f,~ •. rl. i.,,., r1 
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., i ((JS)'-- (Q)(N). 

.\I . (QN2} ·...:: (Q)(N2) 

'(QNm) ~ (Q)(Nm). 

· .. '•·1 
/· 

. <Ji 

1 I .. q2 
(,. 

=A (3) 

. <Jm_ 

, , ;• ·,,, _) ' ;, • I •• ,,' ·-

The.element A;1 .ofth'.e nlatrix A ha:s the form t1;i = (Ni+J) - (Ni)(N1 ), 

. , 

where ( ... ) means:avcragingovcr the thcimalvacuum I0(T)), 
. . _So far: our cdn~i<lerations _were. dxact.·- But for practical calculatiorrn°<>i1c · . 

. :·· . . I- _., ., . , , , . , , . '. . . : , " •. 

has to truncate cxpimsion '(1) by. r<;taining the first 3 terms ( thi/ usual Lipkin-' 
·Nogami approximation [6-9]). In this ca~e; one\ q1u' dc;i~~.for the coefficients 
<JL and <J2. the f6llowjng expressions: ' , . . .• 

.· ', ' ' ,! ' \ • .i 

(QN) - (Q)(N) •. ,(NJ) - (~ 2)(N) 
. . .. 1 , 

<J.1,= det(A) I (Qf!,2).,.. (f'!2),((}): (N4) ::_ (N:)(N2) 
- , ' ~ /' ,· .. 

(N,2~.-dN)(N) 
' '.• 

(QN).-:(Q)(/f), 

\ q2 = dct~A~·-1 (!Pf_:_ (JV2)(N) ,:,(QN~) ;_ (Q}(N2
} 

\ ~ ·: • : ' '. r , . 

I . , 
· .. · ' 
·where I. 

1/ 

) . 

(N2}-- (N)(N) (NJ\_ (N2)(N} -, 

. d:t(A) = (N') - (N')(N) W') - (~')(N')1 

·,"( 4). 
I 

. . N otcworthy ~lu~t there i~ anc>thcir rncth;>d r;f ~lcter~i~irii;1g 'the coeffi~ients 
,. <Jk, whiclfis more i>ro1;cr to the prnjcct operator(} ofccirn1;licated structure., . 

The USC of c~par1sion (1) al?o:.,,.s 0~1c,to get ~or q~:t.he folJ~>Wing relation: .• . 

,/ • l . . 

. 1-iJl'<j(n), ., \ 
<Jk = kl rlnk · n=O . 
' . . ,.· 

(5) 
I 

1.,. 

· 1,..· 

6 ---"· 

L 
:..----.._, 

\ 

·. ,,,, : , 

1 1. . 

\)' 
'.'• ( 

; I .. 

_, ,,\ 

. ;:~·c_· 
·~i· 
,ri··_ ... 
W>,. 

i 
! 
) 
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·.4 T~he degenerate si~gle ;j.:..shell' model 
' . . 

Let us consider the case of n nucleons with the BCS Hamiltonian on the single 
j-,- shell. There is no essential differ~nce between this ~nd more general case 

· ~here ·there are several degene~ate j...:::.l~vels with ·different j's; Place the -
energy Bi = 0 . .In this case· the fianiiltoni~~ is . . 
. ' . - " \ 

H - r.. G ~- + + ·_ I 

- . 4 L.,, ama~m'am (6) 
, . 

mm 

Following the prescriptions ofTFD.we introduce temperature. The Hamil- .. 
tonian of a hot sy~tem is the iherm~l Hamiltonian 1i = H....:. iI. It'is· possible 
to diagonalize the thermal H~miltorii~ri by means'of the so_-'called thermofield 
transformation [12, 13). This transformation is cori~tructed as two successive· 

. :Sogoliuboy transformations:. the~tandard canonical ·{u, V} ·,transformation 
: and the thermal { Jn \lf=n} one. . . · ·· .· . · ·: ' ' : •· 

, .· - '\ ., ' • ,. , , ,,. ••.· ,_. r 
✓ 

~ 

;;.. .(i) \(-~j )( i)· ·'. 
am·•· , ./3m·· 

. A~ Fn( .. \u '·~:~) , JJ= '..Jn( 'u_•_. ·v :). 
. '•. . -v. u ... '· .. '. -v. u. 

With the thermofield transfoirri~tion on~-gets the temp~rature depend~ii:t 
'- , I , , , . . . ,. ,, , . ' • , . • , \ , , . • ~, , .. · , ~ .. ~ 

. ground state I0(T)) as a vacuum for thermal quasiparticles f3 and /3: 
' ' : ~ . ; . . •'. i 

/JI0(T)) = 0 

·. ,BI0(T)) .= 0. , 
' ' .\ 

. /The matrix element overthermal vacuum I0(T)) eqmilJ its' gi~d canon~ 
•. 1· ··. . . .,, . . . \ . . . . . ' 
1ca average.. . . , . . , , . . . . ;- . .. · · · ·. , 

. To choose the doefficients it; v, n, we use th'e ca~ditions for riucleUo be 
in. theth~rmal ~quilibrium',. ILmeans th~t' we have to find minimum of the 
grand thermodynii.mic potential _F .=: (0(T)IH.::... 

1

A~IO(T)) --,- TS: H>r',t1:, ~. n 
the folh>wing standard FT BCS re}ation_s __ are valid: · · · · · 

-_). ~ 

-. 

·· 2 i( ·X) · 2 -·l•( .A) 
U =·_._-. 1--. V =:- 1+..:... 

2' · ; c . ' : •·2 'c 
' • ✓' ' • ·--- ~ - • ' 

l , 
c:~JA2+~2 '·,n=;l+exp(c:/T)' 
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In its turn the co;relati~n function·~• and chemi~al poten;ial ,\ are found : 
froin FT BCS ~quations. In this case, we have both quanta! and statistical 
flucttiations, the quanta! one being m<>re important atJow temperature and 

. the statistical ones at higher temperature. . ' ... ; . 
: . As a:nillustrative example we find the projected ground state CI~ergy Epr' 
T~ this aim, w~ 'assume that!' the thermal grouV:d state is ·a vacuum for. the 
thermal qu~sip.aiticles /3, [3 <!-nd :use formula (2), where we place Ifamiltoniau 

.• . . . ·• . . . .· I· . . . . . '. 
· H)n~tead of the operator Q ' ;, ' ·. • .. . • · · . . , . , ·. · , 

,': ' ,'. " ' ' ' i 2 . ' ,, •:, ' ' ·,-, ... ··, , 

Epr =.~Gn [u 2n +v~(l ~' 11)); :....:,d [nuv(i - 2,11)] 2
' 

<, j ' 

. -2,\2f2 {[uv(I,- 2n)]
2 + (u~n +:v2(1'-: n))(r2q-,n) + v2n)} . 

The coeffici~n~ A2 == q ~t T < Tc, ( Tc; i~. the cri.ti,cal temperature ~vhc11 
the.phase transition from superfluid to normal miclei takes place), and 'X2 = 

. -2(2g-i·) at T > Tcr'. 2f2ist_he de~enerati6n'ofthe/:- I~;eL~ ·.•.I ,, ''. :· .. 
In the table we display the projected energy Ep, and BCS energy Eacs , 

(in a~bitra:ry uni.ts) a;; the' functions of the, t~inperatureT ( also in arbitr~ry' . 
units); The calculations have been·p~rformedfor j = 13/2 and·the constant 
Gis adjusted•in,_~ucli a way, that~=} at TJ= 0. i. , .... ·.· ' .. ' , •. 

. At T ::;· 0.5 not only the thermal but also i°he quantal'numb&r flud~atioll~ 
are su;ppr~ssed by the prnjecti~n. Both th'e functions E;,(T)m~d Esc;(T) .in- ' 

· ~rease rapidly with t~mperattire because_ the correlatiori function.~ decreases . 
with T;\ At T ~.o:.5 ~he ~~meiation fondion _vanishes (the; systelil. isn't' any ... . 

. more_ supercondticting) 'and .both. fun~tions change 'their behavimir sharplyi ' .. . 
At this ·point the quant~l fluctu~tio~s disa:ppear ~nd only_ th~ thermal';.mes 

,' 0, I , i . : , •\ , ·' " . , , ',. • , \' . , : ; , ,:',, . , ,'_',: ' ' 
. exist.·•· · , · ,. , ... , · 

, ( . 

5 :~ Concl11sion 
,, .. , 

I .' ./., :\ •. f 1 ::,'·' ~ '.•.• ','· •, : ,·, . ",' '··;' .'(· ::_ ,', '.,,, , ' ··;/ '., i' ,.·;,, ', . . ' ,·.· 

. The above'formulated approximat<, number projection method for hot finite 
' systems is· of the, '(projection after vari~tion" type; It means"that "at the' 
.· first stage We ~olve a variati6nal 'problem with a "nonp~rfect" t'ri'al functiori 

.:· · ·- .'" ' , ·),'.'• . . , ,, . '., ·:· '.,· , _· · '.' , :-:'-.·:,:· ·., , 1'• • 

' and only then the number projection of matrix elements of some operator is. 
performed. One.hopes that b~c'a~s~ olit~ r~lativ~ 'simpliciti the' method ca11 
be widely applied ih the stlidi~s of hot nuclear ~ystems. Noteworthy that the 
method c~n ,he' used in tlie f~a'rnework of oth~r approachc~ ;wt' ori.ly· ~itliin 
the• thermo field. dynamics .. .One can calculate the ensemble• aveiagc. of the 

,, • '• _,.,, •,, : ,. ' '' J' - ' ' ', " . 

•,,/ 

operators Nk and_"q by any·rnm·cnirnt mctliocl imd then l~Se_formulas'(4) 
for the / coc~fficicnts .... · ,,,, , · 

·. )t is quite easy tc; fiXt<'IlO the Ul<'t hod to ang1~lar lllCllllC'Iltiui.1 pr~>jection' in, 
, hot 1i1~clci or project.ion c'if ii111trix c·lcme{1t.s of 01wratiir giyc11 ii(both ordinary . 

. ,,._,>,' :::.and tilde space'.,;.' TJ1c _last 'exam pk is especially iutercsting foi: stuclj·ing the 
· giant di pole, 1;~~sonm~cc I clscaS· in hot/ 1{ud~i; · · \ · · • · ' · / · 

. ~,':.. ,_ ... · B~i t. our .lltthod can.' not:·1.ic.cx. ·pion.:<:,_ t~> s_t,u5l~: the p. lrn~c t r~n~1.·_t ic:.ns iii hot ~ 
, . nuclei .. To·t.lns Pud one has to us<'' the pr0Jl;ct10n before vanat10n · method 

. • .• . : •. . • : I · .• 

. · - like it has hc<•n d011c within the static path approximation [4] or. to 1pakc 
. it/ ' . -~. directly a proJcc'tiDI} .hch~eci~,statist.ical msembles [14]. 'A ,met h~d of! r his 

type can b6 formulated~within, t.hc·• th<'ru10fidcl dymimics too lmt on· tliis. wi1y . 
. 011e ha:s ,t.o n~s;>lvc ;l long~tanding 'priil:ilcni he>\~; to i>roject t lH;: operator of 
cnfropy'. r•'".! 1, , • .< :. ·. ' . ,· 1 . ..·· .• .· .•. .• : , , • 

This ,vork · is. partly · suppc>rt.ed · by the Infri·11iitional. Science ._Fouiicla ti oh· 

.(grants:NGNooo:·imd NGN300) all(i_by grant 95-02-05701 l>.f theBFFI. 
. . ! '" . ; .( : : ~ ' , . ' -, , • ;' . ' ,: '/I,. ."': '. . ' ' '.'. ..,_ . ' ~ • ':- - ';- '- ' : • 

/ 

• 
• ·- Tablel. · 

/ 

\ 

: Ti1b t~tal. projcd.;cl energy E,,, 1a11d the FJBCS ground stat~; e~l('~·gy' EH(\~ 

a:~ ii f1~nctiot~ ·of the ~-en;pcn{t1_~~-('. ·T. E,;r,_Em·:., . in arbitr~1ry Un.its. .• . 

( 

>-\ 

. ·J·, ·, 

L 

T .EJJc~s. 
.:3.840 
..:3;839 

E111• 

tfl1}~!t: 
.,-J.335 .. 
-:4:334. 
':.4;233 
:-3:694·: 
---2:2561< ·: , . 

.,();6_70 
,0.4 , .---2:151, 

>I ,(l:5 I . .,().419 
,o:6 

1;0.7 
00 

~0.371' 1 ~0:333 
-0;371' ---0.333 :-Cl:fn ... ·.··. . . 
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