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1. Introduction 

Recently the Fermi liquid model for alpha cluвterization and 
alpha decay Ьав been propoвed/ 1 / end teвted/2-4/ on different alpha 
trenвitionв. Thiв model hев been born ае е reвult of е comprehenвive 
analyвiв/ 5/ of tbe current elphe decey modelв and introduceв е four 
particle interaction for the · irreduciЫe reection emplitude of the 
вlрhв cluвter formation in the four particle channel, Ьевеd on the 
preвcriptionв reвulted from the Lendвu-Migdal/б/ theory of quantum 
liquidв. 

А rether good deвcription of different alphe trвnвitionв (both 
favoнred and unfavoured) of light and heevy nuclei in the fremework 
of thiв model and the fвct that the вlphe cluвterizetion рrосевв iв 
enbanced for nuclei exiвting in the superfluid рhвве ев compared to 
thoвe in the normel рhеве leed uв to the idea that mey Ье the four
-nucleon correletionв could heve вn importent contribution to the 
structure of вuperfluid nuclei. 

Тhе Fermi liquid model four-nucleon interection iв ~rЬерв that 
interaction leeding to the condenвetion of two protonв and two neut
ronв lnto the с( -cluвterв. It iв important to recognize that an D(

particle cluвter in tbe nucleuв iв not the ваше ав а free « -partic
le. It iв naturelly diвtorted Ьу the fieldв of the вurrounding nuc
leonв and may Ье violently changed Ьу сlове interactione .between them. 
Ву о< -cluвterв one вhould probaЬly underetand an agregate formed from 
two protonв and two neutronв with etrong вpatial correlationв between 
tbem, вuch thet the вpatial localization of thiв agregate to Ье (much) 
smaller than tbe spatial localization of the nucleus itвelf • 

.Another type of о( -agregate determined Ьу tbe Fermi liquid 
model four-nucleon interaction may Ье formed from two correlated Coo
per pairв (one proton pair and one neutron pair). Let uв cbriвten 
this type of agre!f!te- the tl( -superfluid agregate. Тhis agragate su-
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rely hав weaker вpatial correlationв ав compared to ~-clueterв, but 
strnnger correlations in the angular momentum space, This o(-вuper

fluid a gregate in coordinate вра с е is вprea d throughout the nucleuв 
in the вате way ае the Cooper pairs of а euperconductor, We вhall 
show that the о( -вuperfluid a gregate в are more рrоЬаЫе preвent i n 
а larger сlавв of atomic nuclei as compared to the o(-cluвterв and 
they play an important role i n the о( -cluвterization рrосевв and 
a leo i n the cluвterization рrосевв of heavier clusterв. 

Simi lar correlationв leading to a n о( -like "condenвate" have 
been recently/7/ propoвed in the framework of the i nteracting Ьовоn 
model (IBM) with tt1e aim of deвcribing the " ()( -c lueterв" in nuclei 
as в bound etвte of two boeons, each Ьовоn correeponding to а pair 
of nucleonв. Altbough very i nteresting вnd of broвder relevance 
( inepired ·rrom recent inve~tigatinne/8 •_9 / on the phyвice of Ьiexci
tonв in eemiconductorв) the IBM greatly cancels the mechaniem of 
formвtion of the 0(-agregвteв Ьу вpproximating the condeneed pairв 
of nucleonв Ьу Ьовоnв. It i e known/8 • 9/ that вuch an вpproximatfon 
i s only valid for weakly interacting fermion вyetems in low-denвity 
regime, а condition which iв far to Ье met in the nuclear eystemв. 
The underlying fermionic вtructure of the paired bosona certainly 
playa en importent role in the formation of Q(-agregatea in nuclei, 
а role which the IRM failв to take care of. On the ~ther band the 
odd-even ateggering of tbe experimental (average) one pair Ьinding 
energiea brought up/7/ ее evidence for the о( -like condenaate in 
nuclei incltldeв to в large extent the effect of the nuclear aymmetry 
energy ala~/ 1 0/ and it iв difficult to аааеев/11 1 at thia level how 
much of the staggering amplitude соmев exclueively from the «-like 
correlationa. In this reapect it would Ье deairaЫe to have а more 
nonamЬiguoua quantitative meaaure of theвe о< -like correlatione in 
nuclei. 

The underlying fermionic вtructure nf ttJe Ьовоnе i gnored i n the 
IBM-approach/7 1 аееmв to Ье of great importance a s far е е genuine fo\lГ
nucleon correlationв are looked for. Such an i nveetiga tion raiвes the 
queation of whether а condenвed atate could directly Ье obtained Ьу 
вtarting with purely fermionic Hamiltonian and incorporating the four
nucleon correlatioriв just at the out веt. Doing во the ensuing con
denвed вtate might Ье vi ewed ев correвpond ing to gen.uine four fermion 
correlationв rether t o а bound вtate of two alrea dy c ondenвed pairв 

of fermionв. 
Eerly ettemptв/ 1 2 - 181 t o acc ount f or О( -вuperfluid agregates in 

ariaing from four-nucle on c orrela tions uве а trial wave f unc 
such correletionв includ ed , t hereby s imuleting the f our-fe r-

nuolei ев 
tion with 
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mion condenвete, the interaction remeining of the two-fermion type. 
А different point of view iв aввumed in the preвent work Ьу 

uвing the well-known ВCS-like p81ring wave functinn 8nd eccounting 
for four-fermion c orrelat i ons Ьу two pair (proton вnd neutron) corre-
18t i on в . It iв EJ bow n t h8t, within t h i s simple p8 i'ring approximation , 
the four fermio n c or relations lead t o а c ond enвe d вtete of the Fermi 
gae model which c ons iв t s of correlated fermion pe i rs. Such point of 
view rnay get 8 support Ьу uвiщ; the Grее п 1 в func tion method/ 5 ,б/. 
Some prelimin8ry re salt в u в i ng tt1e mea n field 8pproacьl 1 9/ 8nd ВСS 
аррrоась/20 • 21 1 ha ve bee n reported . 

The paper i s organized ев followв. In вection II we conвider the 
general formulation of the proЬlem. The diecuввion of the gap eque
tionв ie preвented in section III. In вectinn IV iв preвented the pro
cedure for extracting the p8iring- 8nd 11( -like-correlationв atrengthв 

from the experiment . In вection V iв preвented the enhancement 
factor of the two-nucleon-, ~-tr8nefer re8ctionв and ~ -dec8y, In 
the leвt вection we preeent the concluвionв . 

II. Outline of the Model 

·'Не consider а eyвtem of nucleonв (protonв end neutrons) which 
ere moving in а certein axielly eymmetric вelf-consistent well ев, 
e. g ., 8 deformed Sexon-,Voodв one/221. Ав baeic functionв of the ee
cond quantizetion repreвentation we сhоове the weve functionв of в 
nucleon in this well.Steteв which differ only in the eign of the 
projectione of enguler momentum along the ·symmetry exie, ere degene
rete and conjugete with respect to the time reversal operation/23, 241, 

where 

Тhе Hamiltonian for the вувtеm of interacting nucleone ia 

\!' 1 \_'1\ ~ 
Н = Hor + Но"' + t1r ... ,.,. -+ .Н f>A•.,. 

Нор _L. 
- Y't:. 

Но" =L 
.1 1 (р~ 
"F ... 

t ... l 

(4}(/' 

=-

-= 

Е.., а~ Q..,t. 

+ 
Ее.; ~wcr t:l..,l1' 

Gz z. ь ... +Ьу 1 ..,.". .. 
G~ :L ь~ J".,. 

+ """' 

"'"' 1 

_ _ G .z_ z. ь: Ь~ 6(4}' b)l'. 

~~-j.,.. 

н~ 

( 1 ) 

(2) 

( З) 

(4) 

(5) 

(6) 

Неге 

- it YV' t:.J(.,)' 

qy~ ( a)lt) end atc.>~ { qwrr) ere the F'ermi opertltore 

:~ 



which creвte (destroy) the nucleon in (from) the single particle stвte 
( 1 У 'С.> and f t.J сг) ) , 't and r are the signs of the projections 
of the nucleon (proton and neutron) sngular momenta onto the nuclear 
symmetry ахiв, У and ""' being the reвidual quantum numberв that 
label the one-particle (proton and neutron) energy levels. Тhе proton 
and neutron pair operetorв are here denoted Ьу bv and Ь.., , rеврес-
tively, where 

b!l = Q5- q!)i- • (7) 

Тhе laвt term (б) in the eq.(1) is an effective, coherent, two
pair (four nucleon) interвction term, which is expected to induce the 
о( -like four nucleon correlations in the euperfluid nucleus. Тhе 
other terms in the eq.(1) deecribe/24/ the usual ВCS-euperfluidity. 
The G z ,G,., 1G't- qusntitieв вrе poeitive-vslued coupling вtrengthe, 
nonvanishing within а certsin energetical rsnge - the cut-off energy 
renge. ТЬе summstion in the еqв.(2-б) is tsken over distinct nucleon 
levelв belonging to the cut-off energy range. 

According to our above-mentioned particular outlook at the prob
lem at hsnd we use the ВСS trial wave function: 

• ь+ 1 ~CS) = п ( Lty-+ v.., Ь,~) п (l.t.., + v ... "') \О). (8) 
v ""' 

~ :(" 
where (,{ ""/(..,) + YY'(w/c f , and lo> denotes the absolute vscuum, to 
get tbe ВCS-energy functional in the firet spproximation (dropping 
out, for example, ав uвually, the self-conвiвtent field <. ч•rectionв): 

w = < ~cs \ \1 - >.р Z. - л .. ;; 1 ~cs > 

= ~ .z. ( Е..,- AD) v .. / + х. ..<. с Е.., - ~" ) Yw' 
у ' o..J 

'G 2. G '' - Gz J.P - t-~ 1._ - ~ 'Xf Х._ • 

wbere л,(~) denotes the proton (neutron) chemical potential, 
iв the proton (neutron) number operetor and 

(9) 
А 

N 

+ ).. :: < ~с s 1 L ь»'(<.)) 1 !Ъсs > ::о L ц,V(wJ y'))(w} ( 10) 
f('l\) ')1{~) '1/(С..) 

are the pairing correlation . functionв. 

Тhе minimi~ation of W from eq. (9) leads to the following gep 
equations 

'l 

'\ , 
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for doub ly even nucle i and 
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For odd neutron and even proton nuclei the gap equa t ione are analo
gouв. Z(N) is the number of protone ( neutrone) belongi ng to the 
cut-off energy ra пge . The gap e quationв for an odd вyetem have bee n 
obtained Ьу min imiziпg the quantity 

w -::: Ev - Л i) + 2. г. С с v -.АР> ·V./ + L. г. (в..,--\ > v :2 
о 1 Y.f:"Vo c.v "' t.J 

"""2.. " G. -z. у2. 
Gz 'Xr - GN .х.,. - it xf v''.. (17) 

в imilar t o that fr om t h e eq.( 9 ), where we have take n care of t he 
Ьloc king effec t . 

·ннь theee e olutionв we may de ec ribe aв,e. g ,, in rer/24/ the 
l ow -lying exci ted в ta tes of superfluid deformed nнc le i аlв о. 

III . Discues i on of the Solutionв of the Gap Eguat i ons 

То underвtand which are the coпd itione that th e coupling яtrength s 
whould fulfil we a nalyвe an inetructive echematic two-level model 
with two nuc leone . We assume to deal with one вort of nucleons,i . e . , 

G L = GN = G.!l-
е:.,. = .д"' = .6 

.Ар "' л" = .1\ 

than we uве the followi ng notations 
2, 

f~- Е~ f: 
х:: ~ ~ 

1~::. ~ G<-

~~ ~ ~ G4 · 

= ~ \ f:~.-Л/ -== 2 \ е.-~1 

Тhе gap equation become s : Х . 

FC"IC) s... ( ~:~. -t- ~4 ~+')С.)~ = 1 

( 18 ) 

( 19 ) 

( 20) 

With f=(o) = ~2.. and 
the form 

f"(OQ):.O and the correlation energy has 

Е CO.'t'l = w ('А) W (о) = 
~ 

=1[4({--4 )-2~-х-
~ ~4+'Х <. ~+)( j:4 с: х ~ J . ( 21) 

where the energy W has be en defined in the eq. (9). 
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Тhе function 'F ()С.) from ( 20 ) !чш а maximum at 

" - 2~./t- ~1-
"~ -

~.lf+~;t... 
( 2;> } 

and 
2.. ( З/а... 

Fc"'w.J = & ~ +'{ ) 
3 ~ ~.. а. <1"'1 

( 23 ) 

If 

~ 4 < ~ ~1. 
dJ= 

(24) 

d'W. <О and the eq. (20) has а ш1ique solution if ~1. > 1. and 

no solutions for ~::а. ( i and if 

(25) 
dF ~~ ) l da-
~,. '>о for )( < )("' and 

we distinguiвh three cases; 

dF 
~ <о for )( ) )(... • In this севе 

~2. > 1 
the eq. (20) has an unique solution 1 

j~ < ~ < т (1(11() 

the eq.(20) has two solutions and 

F с"'"') < 1 
the eq.(20) has no solutione. 

Let ив analyae the phase diagrsm 
critique curve iв 

f ()( loU.) :: i 

or 2. .! 
d:t = ~ . .z- э d.~t а - ~~ 

(26) 

(27) 

(28) 

d versue 
.:t 

~ ... (figure) • The 

(29) 

(JO) 

The врасе between this curve and ~~о coincides to the свае 
(28), i .e.,we do not have the nontrivial solutions, i.e. 6 с 0 • 

The вресе determine d Ьу the interвection of the following 

re~i onв 

'J-2 < 1 d~ >о '1 ><-d-. 
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The 3~ versue ~~ phaee diagrem in the f'ramework 
ot the two level with two-nucleone model. ТЬ• re
gione I and II correepond to the normal f'luid nuc
lear matter, the region IV, V and VI correepond to 
tha moet еtаЫе eupertluid nuclear matter and the 
region III oorreepond to the metaetaЫe auparf'luid 
nuclear mattar. ТЬе tranaitione I-t VI co~epond 
to the eecond ordar phaee traneition and the otber 
ones - to the f'irst order phaee treneition. 

correepond to the севе (24) with no nontrivial eolut1"na, i.e. А=о 
too. 

Analysing the eecond derivative of' the carrelation energy (21) we 
find that f'or ~~) i(tbe саве (26)) the unique eolution correepond to 
the minimum of' thiв energy. In the re~ining space determined Ьу the 
intersection of' the f'ollowing regions 

~ 1 
tt '> =!l.f"1q'i-'\ ·) lf <t · '1 >о 
d2. dlf d~t а:а.. J <J,. 

that correepond to tbe case (27) we bave two вolutione, tbe greateet 
in tbe right of' the dashed line (def'ined Ьу E~J ::.о (see eq. ( 21)) 
and tbe gap eq.(20), ,correeponds to tbe minimum 
energy (21) and the emalleet (in the lef't of' tbe 
tbe maxtшum of' the correlation energy (21). 

8 

ot tbe correlation 
daehed line) - to 

It ebould Ье mentioned here that f'or the more realistic case 
studied 1n section II with many levele and nucleons, we П18У f'ind 
one,two,three and no nontr1v1al solutiona and these solutions should 
Ье analyzed in • three-dimensional рЬавв diagrem, which determine вt 
least three phaaea of' nuclear matter 

1) nor118l f'luid phase А• о (t)l.e rsgione I and II in the f'11UI'e), 
2) eupertluid phaвs, in which we hате an unique А-:;. О solu

tion corresponding to thed~eet minimum (the regions rv, V, 
TI 1n the f'isure) , 

3) • auperf'l\lid metaataЬle phaee, wbere А~ .Ро correspond to 
other иinima or max1ma of' the correlation energy (the region 
III 1n the f'igure). 

One ahould say that the phase transition I -t VJ. is of' the ae
cond order Ьесаuве the gap and the correlation energy heve • emooth 
trensition f'roм the norиal f'luid mette~ to the supertluid иatter, 
while the рЬаве tranвition II -io III, IV, V is of' the f'irst ordar , 
1.е., ~ and Ес.о",., suf'f'er а jump. 

IV. ~erиination of' the Coupling Strensths f'roa the 1!p!F1!frt 

!о f'ix the coupling etren~ь. Gz,G,. and ь~ f'rOII the expe
rtaents we use the well-known odd-even шаве def'f'erence 

Pz = i {.<.~CZ-f,N) -tcz,NJ-ёCz-z,н)j <31> 

Р"' -= { {<-с с~ ,N-f) _ 'lc~.нJ-ё(;~:,tt-~JJ <32 > 

tor Gz and G,.. and 

p4t = t (1.,N) - С (~-~, Н-2) ~ ( Z+f1 IY) 

+с (i.-~"1)- ~ (~,1'1+0 + ~ (~,1'1-t) 
(JJ) 

f'or G •. 
Here 

-t (Z,I'/) _z 
v 

1l. Е" '<. ;t + ~ .г Е..., V,}- -..., 
2 G~xr - G,., :Х,."'2. G" Х/ :Х..., 'l.. 

(34) 
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for а douhly e ven nucleuв and 

t (~.,. fJ IV) = Е~~. + Z. ~Еу ~ 2 т2" <t:., Yw~ .... 
• 'Уф-)'0 с., 

- ~ .х2. r 
for an odd-mзss one. 

- G 'Х'- G 'X-v2.:X' 
,., "' .. f "' (З5) 

The experimenta 1 "Р~, р.., and P4t quanti ties are obtained from 
(З1-ЗЗ) Ьу replacing -t, Ьу -8, В being tbe Ьinding energy. 

The ~ -quanti ty has been chosen in the same spiri t а в the 
analogous quantity for pairing vibrations hав been chosen in ref. 
/25/ i.e.: 

~ = С (Z,N)- C(z-z,IY-z)- ..?~-~А ... · <зб> 
In the first approximation thiв quantity is determined Ьу 

~ ~ ~ ( G .. #о) - Ар ((\=о} +4.. ((\+о}- L\_(fi~ (З7) 

analogous/23, 24/ to 'Pz ~ ~р and Р,., ~ ..«\.. 
Тhе quantities 'P:i!. , J> н ond Р~ involve 8 nuclei. For each 

nucleus of this веt we have to вolve the gap eqs.(11) or (12). Тhus 

we have in all а nonlinear system of З5 equationв with З5 unknowns 
for each nucleuA ( Z, N ) • Using the А : Z .,.11/ dependence of the 
coupling вtrengthe Gz and Gн ав usual 

and for 

Gz 

G.tt 

==-
Cz: 
л 

M<V G == N 

с,., 

л 
м~v (З8) 

G с+ м v <з9> 4 .... А~ ( 
we have calculated for воmе rвre-earth end ectinide nuclei the с2 
Сн and с~ c onвtantв. The reвultв ere given i n te.Ьle 1. 

Тhе expresвion (З9 ) iв obte ined UEing the aвsumption that for 

(;~ it mey Ье expected нп approximate fectorizati on of the two-pair 
vertex interactinn into two one-pair vertex i nterac tion whoвe coupling 
st~engthв (З8) are known/ 241. In the perf~rmed calcuia ti onв the cut 
off energy ra nge containв approximately 40 nucleon energy levelв of 
the deformed Sa xon-IVoode potentiel/221. For the вolutions we have 

taken care of that the y ehou ld corre 8pond to the deepest nega tive mi 
nimum of the cor~elat i on energy . 
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А etreightforward concluei on from taЪle 1 we have concern
i ng the f>~ quantity. For G lt :о thie quant i ty cannot Ье repro
duced. Тhе Clt c onвtant hae elmos t t he s ame va r i et i on ае Са and q.,. 
Тhе Ар and А1'\ gap paremetere вuffer an increa вe when G., i e 
вwitched on. Тhе pl. вnd t>N quentit ie в pr act i celly do not depend 
on Glt • 

the 
l e i 

V, Superfluid Enhancement Factor for t he Alphe C luвteriza t i on 
Probebilitie в and ТWo-Nucleon Trenвfer Reectionв Probabilitieв 

Тhе part i al a lphs-decay wi dth f or an alpha tranвit ion be t ween 
в ta te l I. ~ \(~ 1t <) and t he вtate \ ~ 1 \ ) of defonned nuc
hae the f ollowing expreввion/5 /: 

\:-1 (I'trV • I 'l(к.) -::: 
..t ~ '""; "-\. 1 f 1•t (t:.'clf"r '} )1 

_ \ L_ [ r;__VL (I,·'t,·~·, :tr\~) ] >'~' ' "' "' , - 'У \.1 ' c.J(I) • 
'l:.'tl 11"11"' 

+ + ~ + /~ 
11 <~cs 1 c:t.,..'t ~v't:.' Qc.~a- q"''q-' l~cs > . < 4о> 

For t he fevoured ~round-ground ~ -treneitionв between douЬly 
even mа в в de formed nucle i t he expreввion (40) Ьесоmев 

\ [ 
1/7.. ]C't--t-J Г. (o-tooto ) :: Z ~ (о1'о,о1'о) 1 

о ' 'У&о~ УУ "' "' 

~ Uy( l -2
1
N -2.) V.,.. (i!, JJ ) И.., (1! - 21Н-2) Yw<~,N) 12... 

Aввuming that the в ingle partic le ampli tudeв 
d.o not depend on 'У and w i nd iсев/24/, i . е . , 

( 41) 
(Г 'ia (о+о,о+о)) 1"_ _ _, 

с . ' """""" 

- 1/ 1 (+-,+-> l r ~(о+о,о+о) -
О YV w"" 

< r •t~. > ... f 

the psrt i a l о( -decey wid t h (41) Ьесоmев : 

ro (о+о, о+о) ~ < Г '/z >2. R ~ R.' , 
~ · r· f" .. 

where R.~ R: ie the euperfluid enh&Dcement f actor in which 

(42) 

(4J) 

R == L Ц.У(с.~} (~-l , N-.2.) '4cc .. .Ji!,A1)~ :Xpt'IIJ (44) 
"~' 'Y(Col) 

i n which the quantitieв 'Xpf'lt) are defined i n eq. (10). 
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Analogouely the epectroвcopic fвctore enteri ng the сrове вectione 
for the о( -trenefer reactionв are proportional t o R. ~ R;: , while 
the вpectroвcopic fectorв entering the сrовв вectione ror two-nucleon 
trenвfer reactione are proportional to R.~ or R.~ depending on 

r the trenвferred pair (proton or neutron, reвpectively). 
In taЬle 2 we have calculated the вuperfluid enhancement 

factorв with and wi thout о( - type correlatione included . Тhе over all 
conclusion iв that the вuperfluid enhancement fector increaвeв with 
G.t, with 5-20% f or tw o-nucleon trenefer reectionв end 10-50% f or . 
elphe cluвterization рrосеевев in the вuperfluid region of atomicnuclei. 

More intereeting are the cesee when one eubвyвtem (protonв or 
neutronв ) has а megic (or ebout) number of pa~ticleв and the other one 
has the number of particles correaponding to the middle of the ma jor 
вhell. In sucb саsев the ueue l ВСS pairing neutron or p~oton вuper

fluidity can mutually Ье induced Ьу one another via the О( - type 
correlatione. 

Тhiв ie the севе experimentally . obeerved/261 in the z .. 82 re
gion. Тhе experi mental o(-reduced widths of 184-192РЬ ie otopeв bave 
valuee about 0.1 МeV,the ваше value as f or douЪly euperfluid ecti
nide V - "Pv - QIO\ -nuclei . The c onclusion that 2- or82 iв not е megic 
number вееmе to Ье wrong. 

ТаЬlе 2. Superfluid enhancement factorв for f a voured 
two- and four-nucle on tranв1t1onв 

Nucleuw c~t Х'" 
f' 

'Х1... 

"' 
152 27.72 J7 . 725 5).675 
6oNd92 о 27.975 51.500 

156 29.200 22.475 )8. 750 
628~4 о 19 . 125 J7 .500 

160Gd 27 .обо 23.410 38.345 
64 96 о 20 . 260 )5.275 

164 22.788 22.080 29.775 
66Dy98 о 19.045 28.250 

16~ 27.688 26.970 31.250 
68 r100 о 22.225 29 . 225 

176 19.196 22.)70 44.025 
12ш104 о 21.925 4).860 

18<?w 22.28 26.650 )8.900 
74 106 о 25.450 J7.730 

184 22.184 15. 910 6).120 
71°8 108 о 15.200 56.975 

240 
94Pu146 15.229 JJ.74 47.61 
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VI. Summary and Conclusionв 

А new type of superfluid phaae induced Ьу rX -like four nucleon 
correlations вeems to Ье predicted in the heвvy deformed nuclei. Тhе 

model includes in вddition to the usual ВCS-pвiring correlвtionв в 

two-pвir о( -like four nucleon correlation which is вeeumed to Ье 
reяponвiЬle for the formation of the О( -euperfluid вgretatee. Fur
ther on в ВCS -like triвl wвve func tion ie uвed, which contвine cor
relate d pairв of protona and neutrona, and not the correlвted pro
ductв of rour nucleon operators which веете to have rather smвll 
contribution to the ground вtate wave function. Тhе mвin sdvantage of 
вuch an вpproach conвiвt in that it iя вЫе to tвke into account the 
underlying fermionic etructure of the ~ -шperfluid agregate s , 
which are not longer epproximate/7/ Ьу two interacting boeons in е 
bound stete. For sufficiently large coupling constвnts t he conden
sed, aymmetry-broken ground-state mode af ансh correlated о( -euper
fluid agre gвtee is energetically favoure d with reepect to the normel 
fluid one. Conвequently, under thiв circumstвnceв, а normвl fluid 
вuperfluid trвnвition(of firet в nd вecond order) iв pred1cted. 

Experimentвl evidenceв вrе f ound for the exietence of such ~

вuperfluid ввrеgвtев Ьу eвtimating the Р~ -quantities (вее tahle 1). 
Following the вtandard procedure в веt of 35 nonlinear e quet ione ere 
solved for each nucleuв (taЬle 1 ). It iв found thвt the Р., -qнa ntity 

cennot Ье reproduced without inc luding the О( -like four nucleon cor
relationв in addition to the ВСS pairing correlationв оnев. 

Тhе proton вnd neutron gep pвremeterв are вlightly increaвed Ьу 
the preвence of the о/. -type correlвtione, which induceв в further 
enhвncement of the probaЬilitieв of two-nucleon вnd ~ -tranвfer 

rsвctionв вnd fвvoure d а -dесву. In addition, the proton and neut
ron ВСS pairing вuperfluidity can mutually Ье induced Ьу one ano
ther via the о<. ,-type correlationв. Thia point m1ght Ье of releva nce 
in expleining the "enomalous" oL. -decey reteв of light РЬ iвot ope e 

neer 'l•82 magic number, rsther then to eeвume the nonmeвicity of thiв 

proton number. All theвe questionв require further investigetions. 

In concluвion, one mey вау thet the D{-type correletionя 
enlвrgeв the region of вuperfluid nuclei in ground and low J.ying 
вtеtев. 
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Апостол М., и др. Е4-85-934 

Четырехчастичные корреляции в сверхтекучей фазе атомных ядер 

В рамках БКШ модели получено, что вклад четырехчастичных 

корреляций в структуру основных и низколежащих возбужденных 

состояний немаловажен. Показано, что эти корреляции очень важ

ны в обьяснении процесс а а -кластеризации (спектроскопических 
факторов а-распада и реакции с передачей а-частиц). Показано 

также, что область сверхтекучих ядер расширяется особенно бла

годаря тому, что обычная БКШ сверхтекучесть протонов (нейтронов) 
индуцирует сверхтекучесть в системе нейтронов (протонов) при 

помощи четырехчастичных корреляций. 

Работа выполнена в Лаборатории теоретической физики ОИЯИ. 

Сооб111ение Объединенного института 11дерных нсследова181й. Дубна 1985 

Apostol М., et al Е4-85-934 

Alpha-Like Four Nucleon ~o~relations in the Superfluid 
Phase of Atomic Nuclei 

An interplay between the pairing correlations and the 
а -like four-nucleon correlations (а -type correlations) in the 
ground and low-lying excited states is predicted within а вcs
like model. It is shown that these ~-type correlations are 
especially important in describing the a-clusterization process 
(the spectroscopic factors entering the a-decay and a-transfer 
reaction probabilities). It is also shown that the region of 
superfluid nuclei is enlarged due t~ the fact that the usual 
BCS neutron and proton superfluidity can mutually Ье induced 
Ьу one another via the а -type correlations. 

The investigation has been performed at the LaЪoratory 
of Theoretical Physics, JINR. 

Coввunication of tЬе Joint lnstitute for Ruclear Reseaтch. DuЬna 1985 


