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1. I n t r o d u c t i o n 

The methods developed in the theory of supereonduetivity and 

superfluidity as applied to the deseription of nuclear properties al
lowed one t~ elueidate a wide range of phenomena (see, e.g., ref./1/). 

However, a relatively amall nurnber of nueleons in the nuolear syatem 

neeessitated the study of the effects of exaot oonservat1on of par
tiele number that is eonserved 1n the theory af supercanduotivity and 

superfluidity anly on an average. 

Already in early sixties it has been pointed aut/2/ that the 
averlapping of the partiele-number-projected DCS-function with an exact 
wave funetian ia more than 99% whereas in the typioal oaDOS the eompo

nent of the BGS funetion with exaet partiele number ia about 40%. 

In subsequent years many papera have emerged in whioh varioua 
methods of more exaet eonservation of partiele number than in tpe BCS
method were developed (see for example refs./1,3,10/ and refs. therein). 

However, the partiele-number projeetion before variation (FBGS) turned 

out to be the mQat aecurate method. In it varying of Us and ~ para
meters' ia made after partiele-number projeeting out of the DGS-atate. 

In the present paper thia method is uaed to analyse pairing in quasi

partiele states. 

It ia known that the BCS-method covera ~ainly the oase of consi

derable pairing ( G- » G-Cl~t'> which ia not alw:aya the case in real nuc
lei. The drawbacka of tbe ncs method eauaed by nonconaervation of par

tiele number beeome essentia.l at G elose to G-C"li.t:. • Sueh ai tua
tiona ooour when a single-pnrtiole spectrum becomes rather rarefied 

near the Fermi leveI or 1n tho rotnt10nal bands at high frequency of 
rotat10n due to tho Cor101ic ~t1pa1ring effeet. A eonsiderable atte

nunt10n of pair1ng oorrolnt1ono oooure also in the states eontaining 
one or oevornl unpn1red part101oa (tho blooking effeet)/1/. In alI 

thooo oapes tho nuoloar oyotom appronohoo the po~nt of phase trans~-
t1an, from n superflu1d to a normo~ ~to near which one cannot use the 

DOS farmol1mn. In tb10 cane tho ri, ,f1 "hDd leads to values of 'paí.r..
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correlation energies or gap parameter ~ that turn out to be con
siderably less than the sarne quantities calculated within the FBCS 
me t ho d, For instance, i t haa been shown in ref .14/ that for 1681-1.( at 
the r-ot at í.on moment larger than 20t , the calculations wi thout par
ticle-number projecting give 6 = O, whereas the value of the ef
fective gap parameter 6. (~f'f- wi thin the FBCS method is only twice as 
less as its value for the ground state. Another example concerns the 
two-quasiparticle states. It follows from ref./5/ that the blocking 
of two leveIs near the Ferroi leveI often leads to 6 =O in the 
framework of the BCS method. The FBCS method provides in these cases 
a nonzero value of the effective gap purarneter and the correlation 
energy of two-quasiparticle states is twice as less as in the ground 
state. 

In the present paper we study attenuation of the pairing wi th 
increaaing number of unpaired quasiparticles located close to the 
Fermi surfaca in deformed nuclei of the rare-earth region. For this 
purpose we calculate the energies of states containing one and more 

(up to four) quasiparticles of the sarne type (neutron or proton) by 
using the model Hamiltonian allowing for the average field and mono
pole pairing forces. We do not take into account the residual inte~ 

ractions leading to splitting of quasiparticle states and frag
1their 

mentation over more complex states. To prevent maximally the influen
ce of residual interactions, we have chosen two- and more quasipar
ticle states with large values of K (the angular-momentum projec
tion onto the nucleus-symmetry axis). 

2. The Method of Calculation 

The FBCS formalism used in this paper is based on the method 
developed in ref./)/. We shall describe the ba~ic features of this 
method and its modification for describing the states with several 
unpaired particles. 

In the FBCS method the BCS function 

IBC 5 >- :: n(u5 + 'Ir!:. Q~o; ) lo> (1) 
s 

projected onto the atate with a definite number of particles /Vc 
is used as the ground state wave function. Before projecting, it is 

convenient to represent the function (1) through the creation opera
tors of particles and holes ~; acting on the Hartree-Fock vacuum 

--_._---- 3 _. 
9t'fhCtih Ut,:'ll.ill.in KHcmY'l 1 

1~Ur(~Hh.tK Ntc~eaoRau!iJ0 
r::L~"" ,.jH( , ..~....... _" ~ • •
 



IH F> that correspond s, for axially synunetric nuclei, to the com
plete occupation tt ::::.NG/2 of twice degenerate leveIs (the Fermi leveI 
ia denoted by F ): 

. ir u, + -tIBC5 > =( Z; ~s ) ( L Us ) exp ~ lrs d. s o/. S + 
S~F $>F s~F (2 ) 

+ ")""' .1,.5 «:J,-::}" HF> J. IH r> =0Gu s oS ) 5 • 
S>F' s 

In this representation the particle-number operator is expressed 
through the difference of particle and hole number operators : 

1\ ~' +. )" +N ·::.No +- LJ 01.$01. 5 - L <1.$ cl.s (J)
~')F:' S~'F 

which allows one to derive easily írom (2) the function In> projec
ted onto N ç 
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, Vl > =. ~ Je X' p(i lf'( N'-Ni))) J (j? IBCS >;: (17 'lrs )(nU ) • 
.lI} C) s~F ~>F 

s

.ç-, (i-) 4 ('Ç'""' LIs +- +-) l<' ( )7 1rs. -#- +) K _ 
(4) 

"ú K ~ L.J ~ 01. s ri.s u u: riso/.s J ]-I F>. 
"'=0 ' ~~F s . S >F ~ 

Since the amplitudes wi th which the pairs of hole cpare.t or-a ( (As /1rS ) 

5 ~ F ) and the pairs of particle operators c t-, / UJ, • s > F ) 
enter into (4) decrease rapidly as passing írom the Fermi leveI; the 
series in (4) rapidly converge. 

The proj ected function In.> may have other expressions as well, 
that differ from (4). However, from the computational point of view, 
i t ia more convenã ent to use the function In> in the form of( 4) , 
since In this case the norrnalization oí In> and matriz elements of 
different operatora are easily expressed through rapidly converging 

suma Of(Us./7rs/·~where S ~ F) and ('/rsiUs./,where S > F • Consider, for 
example, the normalization condition: 

VI. • 

< Yl In> =( Il?r:) ( f"!_us~) L ~K 'T;. ) (5 ) 
S~F S>F f(=O 

S =L (.~:f r(U52 t (US.i<)2. Us -: ~ .:: i (5a) 
k ,1rs, 1. '.' 7r.s J 1, i J ,.::>o )

$1.<52 < \ , ..(51<,,5<:;'1== K .s 

_~ (.h. )~('~·SL):2.. ('lrSi:.)t 1J-.s <. i T:: 1 (5b) 
~ - L--J .l"fS 1 ~'!;,2'" ~151(, .) u~ )" . 

!;~<'S2.<: ... <51<, I Çi '>F 
Suma ~,<. and ~K can readily be calculated by using the recurren
ce re~tion8 which for SI< are (for ~ they are analogousJ 

4 

,-t .i ~ ( U 50 ) 2.S . S 5 (' u )2 ( .' , (6) 
;"'.J. =-.- L--J - (s) .(5) z: .-.~ S (s) S(s)::. i 

K+f ~i-.1 .~ ~ 'Ir.s. ;... j k. K D-!. K·-i.) • " ' 

where S /( (s) are deduced by removing in sum (50.) the leveIs ~ 

The model Hamiltonian used .in this paper contains the average 
field and the pairing intero.ction 

1-/ .= ~ es (Q'; Q~ .t- Q;(/1s ) .- Gz= CIs,+- CI; al o; (7) 
S si 

t:s is the energy 01' the single-particle leveI S Ksjl<t>O). 
Expression for the system energy in th~ ground state is 

E = <1l1HJl"l.>.:: 
o <n/I'l> 

::.2 z= (es - ~ ) '~t Cn -1]- G- 2 ~ u~ h Ui 'lr-t [ VL - i ] si' 
(8) 

s S s-:f:.t 
The one- and two-particle density matrices have the forrn 

<n 1C1;-Cls. IYl. >'<~llfl> = 'b-: [ti -d J!;., ) (9) 

+ . + . 1. - bs-t r \ [ ].( n. ICf s Q s Of at In:>· __J_ =ti~ h U1; ~-t ( i - Ô 5 i J n -1 st 
<1'11 Yl '> ' 

The correcting factors 

~t;<1l-:1.IY2-i~t[H-i]~ .= __ ._5s<n-i/n-a.>' (10)Cn -1 Jsi. = -<VII n ><nln> 
__ 

arise under the particle-number proj·ectinr;. The functions In -d >,5 
and In. -i ~+ r s 't-·t) are defined in the surne manner as I ri >, i. e., 
are the wave functions with ft-1 pai.rs 01' particles. The Lower in
dices indicate numbers 01' the leveIs nonoccupied by IHITticle paira. 

The coefficients Us and ~~ en t er í ng into (8) and (9) are 
found from the energy minimum which is equivalent, as has been shown 
in ref./ 3/ , to the condition 01' stationarity 01' the ground state wa
ve I'unc t í.on , The co.lculation 01' t he ' coefficientn (As and 1:->. as 

well as the calculation 01' average values of t h e Hamil 't on í.an and 
other operators is easentially simplifiGd by u8in~ the relutions de
rived in ref./ 3/ that connect the correcting factors (01' thc type 
(10)) with several indices,in which the factors have one index less. 
For instance . 

. , _ 'Ir~ Cn-:1]s - 'lr~CI1· j Jt [-2] :: ut[VI.-1 Js - Ui). Çn -~;h
lYl-1l ---.---.----~ ) n 'i 

':>t '1 2. _ '1 2. 5 tA J.. .-LA L 
~$ ~é s t 

;) 



The state containing p 
function 

a: Cf+ Ci+ 
5.. 5,2.' , • S 

... f' 

where the function rl'l. >'5' s s 
I 2'"	 j>

into (10). Expression for the system energy in state (11) within 
the FBCS has the form 

G- 2
C - L\ o,..t=:>. + "1-e «» ~ (e ---)1r [n.-1] l.-s" S"- C-s C-s ... S -c LJ S. 2. S S S 5 S (12), ::>2'"' p f 2. p. I .2.... P 

S'f" S"S1.)'"jSf- G-L US 1rs Ui; 1r.t [t1-1] 
S:i=t.

j	 
s)t=tS'JS'I,,}Sf S, S.z. ••. Spst ' 

The correcting factors en
tering into (12) due to particle-number projectingare defined simi
larly to (fO). Appearance of several unpaired particles on the Ferroi 
and adjacent leveIs preventsthese leveIs to be populated by pairs of 
nucleona (blocking effect). This effects the values of the parameters 

1,15 and 1rl; • Their values are found from the minimum of the
 
energy (12).
 

We ahall further use the notation: BCS ia the BCS method with 
blocking effect, IQM is the independent quasiparticle model (the 
BCS method wi thout blocking effect), IPMis the independeut particle 

model. It ia convenient to represent the energy uJi of the excited 
state L wi th p unpaired quasiparticles wi thin the FBCS in the 
forrn 

W( ( F8 C5) ::; E,' (' F13( s) - Eo (F6 C5) = w(· (r PM) - A E~' (r.-e Cs)} (13) 

where 

D. E:'	 (F8CS) z: E: (r-BC s ) ..- E~' (FBes ) I 

E ~'(oJ (f-L1csj .:: El'(oj (IPl"}) - S'{(J) (F"13CS). 

Here lA.'( (IPfVJ) ia the energy of the exci ted state L' wi thin 

the IPM, Ei~~)(FBCS) and E<.,(()) (FBCS) are the correlation and 

system energies of the excited (ground) state within the FBCS (for 

the latter see expres~ions (8) and (12». Within the BCS expression 
antalogousto(13)isuaed (the correcting factors arisingdue to particle
-number projecting are eliminated from (8) and (12». Within the IQM 

we have 

,W, (IQM);:' t s +Es +"'+€Sf) .E ;:. vesJ.:-~1o s-1	 .t.. 

6 

unpaired particles ia described by the 

J . (11)f2 ~ 5' S' 
1 .l'" " , 

is defined aimilarly to those entering 

As the calculations have shown both for even and odd systems with 

any nwnber of unpaired nucleons the FBCS provides a gain in the cor
relation energy, as cornpared to the BCS, that i8 always larger for 

the ground state than for the excited one 

E: (re Cs ) '- f CO (t3CS) > E/ (rL3 Cs) - E :' ( 13 Cs) ( 14) 

hence 

L,O", (r:I3CS) > CL'{ (0(&; .	 ( 15 ) 

For the one-quasiparticle states ~ E~'< C ( E~< E~' since in the 
ground state the Fermi leveI is blocked), and from (14) and (15) we 
get the inequality (see also ref./7/ ) 

cu!' (IP/,1) > (A)t (rL3Cs) > W( (ecs),	 ( 16) 

For the states with more than Orle unpaired nucleons the calculations 

give 4 E ~. >O (E o > E (. )
c C c. 

3. The Results oi Calculations 

In the calculations we used the Saxon-Woods single-particle 
scheme with the parameters from ref./6/. We took into account 30 ne
utron and )0 proton leveIs in the energy interval of about :10 MeV 
from the Fe~i leveI. The pairing interaction constants GrN and 

G-	 were chosen by pairing energies wi thin the BCS a.nd FBCS in the
i 

dependence on a version of calculation. However, the values of pairing 

constants in these cases differed very slightly « 2%). 

The results of calculations are listed in tables 1-6. By F +1, 
F +~, ••• we denote the firat, second, etc. particle leveIs, by 
F -1, F -2, ••• the first, second, etc. hole leveIs. 

3.1.	 Quasiparticle States with the Number of Particles of the Sarne 

Type k = 1 and 2 

It is known that the BCS method overestimates the density of 
low-lying one-quasiparticle states as compared with the experimental 

data. It follows from (15) that the use of the FBCS leads to less
~,) 

density of one-quasiparticle atates than in the case of the BCS. 

7 



The results of ealeulations for one-quasipartiele states are near the Fermi level leads to that in. some cases the BCS does not 
shown in table 1., The t hí.rd eolumn of the table presents the eontri  provi de a "superfluid" solution ( .E c" = O and 6. = O). 
butions of one-quasipartiele eomponents to normalization of the sta
te wave functions in the case of inclusion of the quasipartiele-pho

T a b 1 e 2. Exeitation energies u)~ ,correlation energiesnon interaetion /6/; they indicate that these states are single par


ticle to a great extent. fj lI» and ratios G-IG-o.t. for low-lying two-quasi

~:
 partiele states.
 
T a b 1 e ' 1. Exeitation energies (vZ and eorrelation energies·Ec 

uf low-lying one-quasiparticle states. 

It "Ís seen f'r-orn table 1 t ha t for one-quasipartiele states the FBCS 
improves the. agreement wi th l...{.."~/CP only insignifieantly. This is due 
to the fact that we used in the culculations the sin8le-particle 
sehemes/6/ whos.e parameters were on the average ehosen for large 
groups of nuclei and did not take into account the interaction of 
quasiparticles with phonons,the Coriolis interaction ill1d other ef

One-Conf i8uNuc- C()" , keV E; J MeVquasipar
leus ration ti ele com FBCSExp, BCSIQM BCS FBCS /6/ponent 

O O 1.)0O O O 0.0798%p523f F 
165 Ho 20 0.28p4111' P-1 310 1.42360 400 23094% 

460p411J, F+1 88% 0.52 1.57429 470 650 370 

O O O O O 0.15 1.36p404.L F 99% 
175Lu 160 210 0.26150 100 1.45p514t F+1 39699% 

1.81627p4-11J, F-1 560 0.78370 31097% -50 

O O On514,j, P O O 0.13 0.9398% 
177Hf 110110 220 1.18n6421'F+1 13032499% 0.4~ 

0.2660 200 260 1.00n512i F-1 150504I 97% 
I 

Confi (..(). MeVNuele K'if 5/ (f;), MeV G/GCl.:t.1-./guraus tion 
IQM FBCSExp. BCS BCS FBCS (G/Ge'ld)o 

F F+1
16ft çDy 2.01 0.01(0.6) 0.8(1.6)1.68 1.0(1.4)1.59 1.67rt523J,+n633t 

F+1 F+2168Er 13+ 
1.65 1.90 0.08(1.1)1.67~52 H +1t512t 1.75 0.9(2.0) 1.2(7.6) 

F-1 F+1
IT2Yb ~-

O (0.8) 0.7(1.6)1.75 1.32 1.40 1.0(2.2)tl6331 +h.512t 1.55 

j'i'4 F ~+1~+Yb 
0(0.6)1t512f+t1514./, 1.53 1.27 1.371.70 0.7(1.4) 1.0(1.5) 

F F+1'76 Yb ~-

1.12 0(0.4)1.46 0.6(1.2) 1.0(2.2)1.04~514J,+n624t 0.93 

F F+2 
""'6 Hf 7

1.86 1.82 0.8(1.7)f't512tH1624f 1.53 1.63 0.1<0.9) 1.3(6.0) 

F F+2114 Yb 5 l 
O(0.7) 1.0(1.9) 1.0(1.3)p411J.+p514t 1.8812.52 1. 9812.14 

I 

IF F+2 I'Í t 6Hf 13
fw1.Q4.1,+p5 14t 11.48 1.64 1. 0811 .25 1.0(110)0(1.2) [0.9(2.2) 

feets that provide almost the sume ehanges in the state ener8Y as 
the use of the FBCS. However, the FnCS provides a better description 
of the density of 10w-lyinC one-quasipartiele states than the BCS. In these cases the exeitation energy was calculated by 
As a rule, in the caleulutions [c(FBCS) .~ 1 MeV whereas f.,: (BCS)N fA,'i (J!> cs) .:: EL' (I PM) .- e, (13CS ') • 
0.5 MeV. Within the ~'BCS there always exists a "superfluid ll solution,and 

'l'able 2 exemplifi es the excitation energies W ,correlo.tion the eorrelation energy arnounts to Ei(FBCS) ~ 1 MeV ~ 0.5 E~ (FBCS).L 

energies Ec.~ and ratios &/Gc?<.t. for two-quasiparticle states. The As W,(FBCS) > l\...~.(BCS) and for most of the low-lying two-quasipar
sam~ <pantities for the ground sto.tes are given in parenthesis. It is ticle states in the rare-earth nuclei k\ (BCS) < LUr1-p , then}
 

li 
seen from table 2 that the bloeking of two single-partiele levels Wl(FBCS) is on the average in better agreement wi th LI) ~I?)(f • However,
 

it should be noted that a more eorrect definition of the single-par

n 9 



l-

l( 

tiele seheme and the inclusion of residual interaetions may give eor
reetions to the exeitation energy uJi of two-quasipartiele states 

. 
'I 
I 

T a b 1 e 4. Exeitation energies ~u,' of low-Iying four-quasipar
ticle states of the type (2 n , 2p ). 

(and three-quasiparticle states to be eonaidered below) of the s,ame 
order as the use of the FBCS. 

Let us eonsider three- and four-quasipartiele states of the type 
( p ,2 n, ), (n ,2p ) and (2 n. t 2P ) in whieh the number of quasipar
tieles of the sarne kind does not exeeed two ( k~ 2). It is seen from 
tables 3 and 4 that the FBCS provides a better agreement with experi
ment than the BCS, e~peeially for four-quasiparticle states. 

T a b 1 e 3.	 Exeitation energies U\ of low-lying three-quasipar
tiele states of the type (p,2n) and (n,2p). 

;; 

Nue
leus K 

1T Configu
ration Exp. IQM 

cot , 
BCS 

MeV 
FBCS 

21/2
F l!'i-1 F 
p514t+n514~+n512f 1. 36 1.71 1.23 1.28 

177Ta 23/2+ 
F F..... 2 F 
p514t+n624t +n512t 1.70 1.82 1.53 1.63 

25/2+ 
F F....2 F+1 
p5 14f+n624t+ n514~ 1.84 1.78 1.61 1.78 

179Hf 
F P F+1 

25/2 n624t +p 404l-+p514t 
--.'----~-_ .. . ~ ..- - . -----_._-_._--._-_...---_._-- 
177Hf 

. F P F+1 
23/2+ n514~+p404J.+p514t 
.-~- - 

F ]'+1 F 
1'f7Lu 23/2 n4.04~+p6241'+p514~ 

1• 11 

1.32 

0.97 

1.86 

1.64 

1.46 

1.09 

1.08 

0.93 

1.32 

1.25 

1.12 

11/2+ 
F+1 P F+1 
p514t +n.514~+n624t 1.23 1.60 1.07 1.'27 

This is due to the eact that uncertainties in the positions of the 
single-particle lev~ls may be eompensated when the number of quasi
partielen inereases whereas the aeeond term in (13) is in a mueh wea
ker dependenee on a detailed notion of the positions of leveIs of an 
average field and i~ rnainly determined by the density of aingle-par
tiele leveIs near t~e Ferroi surfaee. A further eonsideration of the 
exeitation energy o~ mar~-q statesuasiparticle (with the number of 
quasipartiele8 of t~e sarne type ~ ~ 3) confirms the above eonelu

aion. 

lO 

,f,
I

:1
 
Ir 

~l
 

Nuc
leus 

1<71 Configuration tl'i.) MeV 
Exi>. IQM ncs FBCS 

176Hf 

14

15+ 

16' 

F+1 F F+1 F 

p514t+ p404i+ n514i+ n512t 

F+1 F F+2 F 
p514t+ p404++n624t+ n512t 

F+1 F F+2 F+1 
p514t+p404~+ n624t +n514~ 

2.87 

3.08 

3.27 

3.64 

3.77 

3.71 

2.37 

2.69 

2.76 

2.65 

3.01 

3.16 

178Hf 

16+ 

14

F F+1 F F+1 
p404~+ p514t+ n514~+ n6241 

F F+1 F F-1 
_p404~+ p514'+ n514~+ n5121 

2.45 

2.57 

3.50 \ 2.16 

3.80 2.95 

2.57 

3.27 

3.2. Quasipart1cle Statea with the Number of Quasiparticlea of the 
Dama Typa k~ 3 

Now we eonsider a five-quasiparticle state of'the type (2p ,3n ) 
with I<r, n 37/2 in 11tHf and three six-quasipartiele states of 
the type (z p , 4n) with K'7r= 19- t 20- and 21- in'~Hf. The state 
wi th J{rr CI 37/2- has been found in the reaetion 1-}-6 Yb( ri. ,3n ) 
171 Iff/8/ and the six-quasipartiele states in the reaetion H 6 Yb ( ri. ,4n)
f~6Hf/9/. AIl these states have a large lifetirne. The eonfigurations 
were attributed to these states (aee table 5) on the basis of esti 
mations of the state exeitation energies and the analysis of the 
seheme of their de-exeitation/8,9/. 

Firat, we consider the states with I<i,= 37/2-,and K'íf= 19
and 20-. It 18 seen f~om table 5 that the BCS provides for these states 
fax too low values of the exeitatio~ energies UJi and the IQM high
ly ov~stimated ones whereas the FBCS method allows one to get a 
very good agreement with ~:~p (in particular, the agreement is mueh 
better than for the case of empirical estirnates of the exeitation 
energies ~n ref./S,9? Thus, eur ealeulations, first, eonfirm the in
terpretation of these states proposed in refs./8,9/ (quantum numbers 
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" k IT and configuration) and second, show the necessity of par
ticle-number projacting in considering many-quasiparticle atates. 

!I Note that we managed to achieve a good agreement with UJf~P for 
these states within the FBCS without taking into account any residu
al interactiona. 

J, It is easy to explain why for the states with a large number of 

.\ 
qu~siparticles the FBCS method improves considerably the agreement 
with lVf1f compared to the BCS and IQM. On the one hand, this is due 

~ 
I 

to the fact that inaccuracies of the BCS and IQM in calculating VL}'. ( 

and f: are the stronger the larger the number of single-particle 
levels ia blocked in close proximity to the Fermi surface, i.e.,for 
the low-lying many-quaaiparticle states. On the other hand, as haa 
been mentioned above, with increasing number of quasiparticles in
accuracies in the position of single-part1cle levels.compensated 
each other. 

Ii is B0en from table 5 that our calculations do not confirm in
terpretation/9/ of level 4.86 MeV as the state with f'\ li :::I 22- and 
configuration p404~+ p514t+ n633t+ n512t+ n514~+ n624t • The state 
with such a oonfiguration should be lowef in energy than the state 
with KTe 19- nnd 20- since it consists of quasiparticles lying 

closer to the Fermi surface. The FBCS method provides ~'i =4.11 MeV 
for the state K'lfe 22-, Le.,the value lower than the experimental 
one by 0.7 MoV. In our opinion level 4.86 MeV should be interpreted 
as the state with KIT:::I 21- and configuration p404"'+ p514t+ n642t+ 

+n512t+ n514~+n624t • In this case the calculated excitation energy 
úOt ::: 4.78· MeV is in better agreement with experirnent, and assign

ment of quantum numbers Kff = 21- to this level does not contradict 
ihe way of its de-excitation (E2 transition to the state with KU::: 

20-). According to our calculations the level with k~ = 22- should 
be searched for at an energy of 4.1 MeV. Its de-excita~ion should 
~reatly be hindered aince, according to experiment, below there are 
levels with 1\11::: 16-only. 

It ia Been from table 5 that contrary to the BCS predictions on 
the complete diaappearance of pairing in the states considered, the 
FBCS method shows that.pairing in them does not disappear and the 
correlation energy E t:=. 0.5 MeV diffel;'s noticeably from zero. Tab
le 6 ehows thatwith increasing quasipa;ticle number k °in the 
neutron eystem : of f=J.6 Hf th~ value f~(FBCS) decreases much 
slower than f~o (BCS) a:nd differs from zero even at k = 6 (the ca
Se k c 6 corresponds to the hypothetical state of si~ unpaired neu
tron quaaiparticles lying on the Fermi level and on the adjacent le

13 
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vels). However, it should be noted that to make a final concluaion 
on the nondisappearance of pairing in many-quasiparticle states one 
needs additional theoretical investigations(taking into account re
sidual forces and effects of reconstruction pf the average fieldO) 

and experimental tests. 

T a b 1 e 6.	 Dependence of correlation energy E~ on quasipartic
le number k in the neutron system of f~f HF 

k' O 2 4 6 

Ec:{BCS), MeV 
Et.(FBCS), MeV 

0.9 
1.7 

0.1 
0.8 

O 

0.4 

O 

0.3 
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KY3bMeHKO H.K., MHxaMnoB B\M., HecTepeHKo B.O. E4-86-288 
CrrapHBaHHe B MHOrQKBa3HqaCTHqHWX COCTOHHHHX 

B paMKax MeTOAa rrpeKTHpOBaHHH rro qHcny qaCTH~ AO BapbH
pOBaHHfl /~B/ c yqeTOM 3~eKTa ónoKHpoBKH paccMoTpeHbI 3HeprHH 
B03ÕY)J(AeHH5t H xoppenauaomrue 3HeprHH KBa3HQaCTHqHbIX COCTOHHHt'1 
Ae<popMHpOBaHHbIX HAep c QHCnOM KBa3HQaCTH~ ozmor-o cop r a 1 < k < 
< 4. ITpoBoP;HTC5t cpaBHeHHe c paCQeTaMH B paMKax BKill. nrrH rrHTH-
KBa:3HQaCTHQHOrO COCoTOflHHH THrra (I p, 4n) B 177 Rf H· rneCTHKBa3H
QaCTHQHblX COCTOHHHM THrra (2p, 4n) B 1?6 Hf rrOnYQeHO xopome e 
cornaCHe c 3KcnepHMeHTOM, rrpop;eMOHCTpHpOBaHa Ba)J(HOCTb rrpoeK
THpOBaHHJI no xacnv QaCTH~ rtpn paCCMOTpeHHH MH9rOKBa3HQaCTHQHbIt 
COCTOJlHlií-t. B OTnHQHe OT ~KI!I MeTOp; II,I:1B rtpertcxaasraae r coxpaaenae 
cnapHB6HHR B MHorOKBa3HQaCTHQHbIX COCTOHHHHX. 

Pal.'5oT8 BblITOnHeHa B Jlaõopa-ropan TeOpeTHQeCKOM <PH3HKH muui. 

Ilpcnpmrr OÕ'bCAHHeHHoro HHCTHTYTa MCPH&IX nccnenosaaaã. .uy6Ha 1986 

Kuzmenko N.K., Mikhailov V.M., Nesterenko V.O. E4-86-288 
Pairing in Many-Quasiparticle States 

Excitation and correlation energies of quasiparticle sta
tes of deformed nuclei with the number of quasiparticles of 
the Barna type ) < k < 4 are considered allowing for the bloc
king offect withTn the method of particle-number projecting 
beforo variation (FBCS). Our results are compared with the 
calculations within the BCS. A good agreement with experiment 
ia obtained for a five-quasiparticle state of the type (lp,4n) 
in 177Hf and six-quasiparticle states of the type (2p~ 4n) in 
t76Hf; the necessity of particle-number projecting while con
sidaring rnany-quasiparticle states is demonstrated. In con
traat with the BCS, the FBCS method predics that the pairing 
in	 many-quasípar t í.c l e s t at e s does not disappear. 

The investigation has been perfDrmed at the Laboratory 
of Thcoretical Physics, JINR. 
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