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.• ·, 

· The metho.<l.s de,teloped .. in the tht>ory 0! superco~d;ctivit;r ~ ' 
,:.: . · .... 

a.re·applied.to tb.e-:-st~d.y of the. properti~s of nuclear matter. 
~.. • •. • ~ •. • • • • ..-: -..;' --~ ... "'!.: ••• : • • • • ~-, .:, • • • ;,_, • • • • •• 

The intere.c,tion that-.. brings to ~uperfluidity of nuclear matter . -. . -~- ' . . . .. , ~-

wa.s considered ·to be. wea.ke .. Nuoleon-n.uoleon intera.otien was 
. . .. : ·. ;·.: ,:, ... 

taken i,n the most ge.ne~,al form. Asymptotic . solutio~s of equa- · 
:. '~- . 

tion syst::em were __ f~~d, wh:toh allowed to obt~in the conditions 
· ... :: .· 

of s~peJ!'fluiditY:·:of the nuclear ma~:ter... The conditions of 
.·. . . . . . 

supe~flu~-di t;;r come. i:n ge!}.eral to tp.~ requir~ment of p:redomi-
• • .r, •• • .•. -·. ·.:- •• ~ ••• .,. • • • ~ =· ... r .... ~ .. ; .£· •. :.:... .::::.~. :::_~ .. 

· nance of. attraction .in nuol .. e.on"":"nucleon potentials at the ·Fermi 
~- -~· r-. 

. ,. ' 

surface energyo The data on nuc.~eon-nttcl~on potentials allow 
.· .· .. :. · .. - ... . ·:.-:' ~:.: ~' .: i . . -. . :._:: . 

. .. 
t.o ma,ke Q()no.lusion that the conditions of supe:rfluidity. of 

. . .' . . ., . .. i .~;:· .. : '. . ... 

nuclear lJ]atter are to be f·ulf~lled9 J , ... 

In t rod u o t 1 o·n 
-~------·,..._.~--'!'------/·. 

·I 

Tlle concept of "nuclear matter".is usedwhen.studying the 

properties of ata~io nuoleus·~ "'It" 15 cons!ldered that ~f the 
-~- ...... ~ '..]~ . •' . . . . ·l- .. ; . . 

interaction of Coule•mb repul:-sion· b'etween the protpns ·doesn't 

exist then 'iu;bit~arily 'a-lil:rge nUD!bier of IJ nuoleQns cons~:s­

ting.of Z'-pro'tons:e.na\(ll::.~)neutrcnls· at· z..__!l_C. in their 
. ~ . . 

lowest state cf en€~1"~ form. a stabl~ configuration whioh i-s--

called nuclear matter.,. ·rhe in.n.ex part- of medium and heavy 

nuclei are samples ·of such· nuclear mattert) The dyn~mic ·pro..:. 
... : ·····:-

. ~ ~ 

parties of nuclear ma.tt,er can be d·e·scribed ·1n th~ first 

approximation by an :b1dependent particle model • 
. ·, .;·. ·~ 

The structure of nuclear matfer is in many re·spects similar 

to the electron structure of metalse Therefore the mathema-

tical methods successfully developeq in the theory of super-
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co~ductivityl) are worth to be applj,e·:l to the study of nuclear 

matter propertieso . . ~ 

. N .. N .. · Bogcljub·ov2) dr·ew attention to the :tact that nuclear 

.matte£ 'can pos:?ess the properties of" superfluid1ty0 ctxi case: of 
. . . 

Ferffii;_gas· ·tb.e · si;stem possessing the lowest -energy is such·, .in·· 
. . ' 

which ·the· particles ·success_fully occitpy all the energy levels: 

up -to some ene:r~gy E--{-Kp), th~ energy of Fe"rmi-surfaoet which 

d.epencis'-··on the density· of: gase such 'stat·e of nuclear matte·r 

with the Eme;ri.v ·levels ::.ticcessfull'y occupied is called !!2~~~ 

Owfug"'{o the ·lnteract:ton· of fermion pairs possessing· equal and 

opposite momenta, the systeln··of· Fei"'mions may ·acquire ·the ' 

_pr~~~rti'e·s :of' stiperfluidity., · This means that the- system. of . 

Fermions. ·\vill have .the· energy st~te low~r1l t.han the normal ·one 

iso Su,oh a state of nuclear matter which is more low than a.· 

normal one is called suoerfluide 
~"'~~·- ... ~-"""'!"" J 

V.e:r.Y, .weak int e:raotion.s . of electron pairs possessing equal" 
••• : 1.. • .. -- .. .., . ~ •• . . • • . . # • '· •• • 

and. o.p.pas .. ite momenta lead to superfluid st~te q_f a "solid~. 
. .- ... . . ... , I . . ·.' . ~ . . . ~- . . ... . , , . 

' . 

$up.e:rf.l~idity is connected with th,e regulating of the ~ovement 
.•• ·. : · .. , . • ~ c-.-· • • . ., ; -~. ·. • . . . . . . "' 

· of ~ele ... c,t:rons near the Fermi s.urfaoe. Ma.t.hematica.l mathods 
~· . · ... ..._ . .: . " ~ . . . ' ~ -~· .. ..,.:. ·:~ ~--

.. (1) 
developed in are considera..b,l;y connected with ~l!e weak_ness 

.... 

o:f _t_~es.e inte:raQtion~~-i ... 

__ _:~-~-~---·. • • ,""f 

.· ..... 

l) .•N $N .. Bog9ljubov, Ve V .. Tolmali.ev, D$ V. ·Shirkov 
· "New Me•t:;hod in the Theory of Superoon.ductivity," · 

Pu.bl1$h1ng DepaJ.rt.meut .·.of the USSR Aoademy of 
"Sciences, Moscow, 19.58¢> 

. ~; ·:.: . .; 

l .r-':: .• ....... 
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It is known that the interaction between free nucleons is 

a. strong. one.· -Nevertheless_, the. interaction between nUJlleon 

. pairs possessing equal and opposite momenta bringing t.Qgthe super-. 
. ' .. ~ ·. ··~ ~. 

fluid state of nuclear matter can be considered a·w~ak one• 
• 1 -,. -,-

:Irideed, the successful application ·o_f th;e nuoiear .Sheil mod~l. 

shows that in the first approximation the interaction force~ 

. between the nucleons may be reduced to a -certain effective 

poteri~~al' wh~ch 'Q.oes-:;not: affeot the appearance of the: super­

fluid state.EJ,nd to the change of the nucleon mass~~~ .J}.esides the 
. . . . . ;·:;.,;., :~~ •. ':.. . 

interaction between n;acleons, which brings to supei-fl):l~~ state, 
, • . , ~ ~ k· ~. . 

d_epends' on the power .of. regulation in the movement 0~~.;~¥& 

nucleons, which may be not:very largee -~·· 

In the present paper we· shan• t fort ell, which of 'the torces, 
. . ' . :.- . . .. ·_ . . . ··/ ·. . 

central or non-central, sin~let or triplet, proton-proton or 

proton-neutron m~st be responsible for the a.ppea.re.nce of super-· 

· fluid- state of nuclear matter •. The aim of· the present paper· 

is to obtain the conditions.which will be satisfied by ·the most 
. ~ ;. . . . 

general form of the potential of nucleon~nuoleon inte~aotion in 

order to give superfluid state of nuclear matter possibility to 

exist. 
-. 

. 2 9 "· !!~~IUJ<l·n!~-9-L!~ .... ~t ~r~2!!.2!! \,_,_ .. 
. . 

·Let us· consider the. part of the Hamiit:onian.- of ·the inter-
. . \ .· 

~ ·. 

actipn which is :.responsibl~- .;fo·r the sunerfluid .stab~:'tof nuclear 
. . . - . 

matter'~~ We consider-that as weil_,:as --in the theo~- ·of super-
·-··· . .. . . 

~ .. ··~ 
.cond~ctivityo The' 1nteractions.:of fermion pairs po~~ses·sing the 

equal and opposite .momenta bring to the superfluid. ~tate •. The 
. . . . ~. . . 

'<' 

interactions of nucleon pairs possessing the arbitrary momenta 

,_ bring to some effec_tive potential of nuolenr matter whioh ·we 

shall net consider. 

-
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·Let us pxe's'ent the.· model Hamiltonian of the int~r~ctiori 

as f.oll ows·:g ': ' 

~~-: ::· . 

. . ~ . -:JE- -~ . I . I 

'11· ·. ·-, ~'t "' <f.·.( .. / '· ,r( .) <V (- ) c,J (. ')· f(. · _ ==--~ L.. -.. ·K) <p· (-K) v K,'K · r~ _;,K r K . 
· Ll1tt. v 1(1(1 1 !~. . . . ·~ I 
.• :· ~ !:' :'t:~~-. ·" · •!: ~ ·~· ...... ·· : r.'"" ..... : ' · , . . . 

: (1) 

. :~ . 

~-··- :.:- ·:·: v·. 
where · · 

are:··;oritposeC. of the. operator;3 lj·f the procluction and absorpt.ion 

of 'ppot.ons and neutrons<t Let us take the· interaction V{K,k-') 

between tw:-> nucleons ~n. the most general ·form: 

y:(K K'·) =1· r'K K')-' (/f~Ti .. )-L (1-(f:.~)+ 
I I ,. I [I . I .t 'f I a, 

. . . .ss .. c . 

· ' ·1 I ,. ~"" _... ) / ( ~ -•-) 
, ... T.LL_ ( K. .'<) -- t 3 r'T T --- J f CV V: , -· 
J~ I ~ • . I ~ ~ . ' ~ 

., .. , 

7,i {K.~')f(1-{'i';)[3(qeyGfO~fiqe'-]­

oJ~,. (1(/)f (~+~i;)f (v;:ij(~i")~67cY e~-f 
.. · 

. ." . ...... 
+J-.. . (i< K)• -1 (1-i-:: c[ )(o:-+()~ .f ) + .:-.··-·· .. ~se , . . 1-1 _. ,. :;._ ~. doll . 

'" ::te (K,KJ~·o (J~i;{J (f+~. f). ··. · · · ., .. 
. . .. • • •.-¥ .. ~ . 

(2) 

. .. 
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- _,..., - __ , 
- J( - J( . -- K X K.. t 

Here e = :l./ Kt .. , ~. ·:: .. ),/Kl ,. . the first index ~ or . ., in 

the functions T. (K,i<
1
) ·means singlet or triplet states in the 

. JLJ1, 

isotopic spin sp8:ce·;·:· the- iecond index refers to the usua-l spin 

space, ~ · me~s th~ -singlet int~raot:i.on, t means a. triplet 

one, i' is the interactio~ ().~ .tensor type, a~d e. is. the 

int~ra.ction-of. spin~·orbit type. 

From ·the Hermitian ~ori;tugation and from the. 1nvariance. 
":. ·.· . . .'. . 

with -re~p~ct to ,:the operation of r~flect:i.on ~f· space' coordinates· ' 

we find out that the fWl.ction_s ,Jin (K,K.') are re~l and possess 
. ,., 

the following properties: ·: ~-i..> 

,,, ; , -] .. ~·(~. :;= J;.( K:~; ,·:" i .. (K,K )~ ~ .. ~K.-K'). , (J) 

~':~: -~~,--,~~~~e.nt the inte:ra(?tion Hamiltoni~(l) ln· .tJ~s of. 
; ,.i .-.:_.·_,: . . . ;·· •, 

the operators of production ·and absorption of neutron·~- and 

-r T (.K K ') a/·'-~-~ t ·. ,· · CL ' + 
. J+ . I K+ -K+ ~I<+ . K + 

+I (_K,~'J a::_~:~,, f, K!. p;_K~ + 
.·.; 

';,,: :}Jv,{ K,~) [a:.&_:, g_~_ a'ft + ~:- t~: CK~ a:K~J + 
..... • '4 ' :, •• ~. • • : • • • • • ...... 

.·· .. -·~ 

. v. 

..... ~,,.. 

~· (4) 
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I) 

(k;t '~~ g ;,+ 
I •'\ • ':...1 • ..-\ 

Pro'd.uction /\ . . 0 . ' 
vv K ± , i:.1 K :!: 

Here are the operators of proton and neutron 

are 

and :! char~c.terizes the spin directicn.- The functions 
-~ .· ' ·. . - j .. ::;;-:)~r.: ... ~·~. ~-f ......... ·j .. ~ -.. .·,t 

J"' (~!K L:-:.:::L_ (K,~':)_fi_;p.d_:~~e otbe.~ or.e~~:a.re p~f~~ented ·in~:~rms 
of the functions ln (r<, I()~ 

.: .:·. ··c .. ~: _,. '· .: ; ,. - r·t .; ... _ .:·!", ~. ~- ;"f 

Thus.\ve shall preser.t the model Hamiltonian as foliowsi .. .,. 

where E r:- is the parameter whicil:; plays the. role \if' t'h~ chemi-

cal potential; ·. j,n ,normal'·state it is equa.~ t·o ·tl,te enerf.Y: of 
. . ' .., . ? . _.· ·--' '~--- .. -': ~ . : -: '! .• ; : . ; ·: : ~::i . !·~ . • .• _.. • 

. Fermi .surface; S-:_: is 'the 'disc·r.ete _fncf~x which charact.erizes 

the spin, 1-sot o:Pic. ~p:tn ::::a;rid··th.e .. sigrr moillenitum' J<- ~ , .. \ 
. . ~ .. ' . . . . . . . -. .. . . ' : ; :. . l)· ~ 

.. I. :_:-.... 
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J. ~!!§_§l§!em. 2Lffi~~1~~ll~ 

Below we follow the considerations of Bogoljubov' s .pa.p~r(2~ 
Let us perform th'e ca.noni_Qa.l trahsformati·on 

. . "¥ \ . . ~- . 
·~ ...... 

.. 

. ~KJ • 7-l~ ( K; S,s'J~~~-~tr(K, 5,5) o(,:s-} 
: \ . ' , ·.·. . 

(6) 

Let us determine the new vacuum state ~.(~ C 0 =- 0 and 
--. """ .\ ·.. H · find out· the average. value . fl.=.:< C~ H C" > · .. ·, .• ~:; -Pi let 

us neglect the t erm:;s which remain finite. at .. ·. ··V ~ '0<) • Let us 
;. 

find out th~, functions .. \U(K;~s.si), ... ;-v-("' . .s.s) out of the requirements 

of ext~.emum H w~ile fulfilling the additip~l ,conditi,.ons. · 
·" ~~ ~- ·. : .\ \~·· . . . . ... : .... ) . . .·.;~. 

The e_quation, ·obt~ined· yields the solution that. corresponds to 
(n) . 

normal state · .... C e · ..... ·.· 

!.·· .... 
·,,.} \ /' .. 

In order to obta~n the 
, ~: .. L.~: .• ;:" . ( nf 

conditions at which the energy of 

normal state . C · ·. won't 
. : r. . (S) 

superfluid state C 

... 
be minima.~, and th~.refore the 

·~· .. :·. ~~:-·. .i_,:· . . • . ..:,. 

will appear, let us. find .ou~ the 

.. ;second variatibn o:f" J.J ~· If the sec~nd v~ri~ti~~· of f./ 

''"-·: ov~r U(i<,5,5') ·imd lf(K;s.·s'J ·in the presence of addi.ti.onai 

conditions is 'Jess than zero for'' the solution oo~responding 
· :. t'6"norrnal '·state:,::: "C,:,c!,> , -that ·mea~s that t'he sup~rtluid 

state·- ,e(.s.)' appe~rs;; · : " · .... ·0 \'(;·, 

. ... . · ~- .. r· ·'-' · . . .~ : :..c~ ~· . . .. · -~ ·· '. ~ .:·: ;} ~::~ ~3:~ 2 ~- . 
.. Thus we ob·tain ·that superfluid state of· nuolear matter 

. ·.·. 

exists only then when tlier~ are the solutions with negative 
. .. • • ~ ... ·: . . . ··:'. ; ·~ ' • . ' • . ~ . • ;· !_. 

·''e:fgelivallf~s '£-of the folloWing set o'l equations:··" 

2./ E (t<}-E ,j<p{K)+ v f. IN (t<, K}<p ( K)~ E:~ ( K'J:' . 
.. ~ .. · ' 

~- .· . 
(7) 

(8) 



. :···· 

·._; 

- IO -
·.• 

'·" 

----~-------

... ·. 

(9) 

. :~ . ~ 

, iJf {K)~~ F jf;(K} ;'t ~;· { ~ J,(~,K},~ {li)+i; J ... ( KJ<) ~ {K)-r (10) 

' :, ' .• ": ~· ; ·i :t•J *( I(;K)fA <J+ ji~) (~ :~)<f_, ( K '>.} "i f. ( 1(), ''· .· .•. 

"' ' < ·~t W1CEF /if;_l~JV ~~~tL~(K, K')f._,_(Kj+ ~];._!~:Kif. (~)-r (11) 

rt ,,, '"" •, ;tl}(~:K~ £ ( ~)>i<•) ( I(,K 'j f_ (~)} = E Y1_ ( K):·~ 
·' . . .' :' 

. . . ·:.. ... . ·~··· ~ .! .. ~.1:; ''(•'' '• ., ';. ·.:f : .. (~:' .... tt •.l •• ~. 
ti::-::·,,s··. 4 •. · The'·'C'onditions of Sunerfluiditl __ ., ____________ . ___ _ 
--~; ,,·; ·· in Case. o:f· .n:_n and n .-"n Int eractl.ons ________ _.s;,_.t;;;. _____________ ---c:>OII_ 

. ·::~ 

...... , ... i 

.·; ::;> B~:for~ proce~ding to investigations. of the. cond:ttions of 
... ; ,_ L··--r -::.a ···::·. ··•. ..: .... ::· /::· ._,: .. r . . .. . ... :· . ··-- ... ~·:·:· ... . ... _ ... · 

, ... siiperfluidity of nuc~ear.matter in the most .g(:neral form, we 
' ~- :. 7·. ~ . . . -~. ,•, ~- · .. ':~.. j".· .. ' . . . . . . . ~ /,_ -~. ., ~' • ( •. ·--/ . ~-~· ~~:.s . ~ .... : -~ . - . . . 
· ShB.it ·cons:l"cier two particular cases. The firs~ .. Qne,. when 

.... ".,. ·.' -r•·· .. ·,,, .. ,, . :• { . •-· . '.:' ,, ... ~·:,. i.,.,· .: : .. .. ·.'-· .. ' .. : :!.: :···:•.~-:.:-.'~";:£1l,"·<: 
p.t?6~6n.;..prc)t-or( .. and nout:ron-n~t.1.tron :l n.t.P.r~ctio.q.s .... ~;re, co!p.sidered 

• C' •! •.~ '~ .:..t• ~;( .~; .,: .: • • •' : ; .._ :: •, ,--:\ ~j ::1 
0 

• .·.~ :r. 1::: ,;,·--:-:~ ,• 0

< I :~, • •:, I, 
0 

-a-b:d proton..:neutron interactions are neglected·. A:P,P~~ently 
• - ••• -~~-- • • .·.- J' .: ·-~ •• 

~- ·-· .:.. .,...;: .... . ... -~-.' . 

this case is the most interestlng one,. when pas~),.ng from 
; · . - . · ... - ·_: :' · S ~t ~:: .--- :· .. : _~:_; -f-1~ .-_ ·_ .... :.~ ·-,~-~ r . -~ .. -•. : ... , .. , :·, '· .·· . · . .: .• 

. u · · . n)lc.l.ear: matter· to ~he atomlc nucleus. 
- . - .... .· ·- f:!.l't"·. • - ·?. : • . _.·r.~- ..... :: --_ -:--:·_ i:: ·_· .. :,_-_:_. .. _ ·. 

~·v 1: ~. · ... ' .. Let {i~·, ·:f"fn-ij''\'ou.t .l.~t" whi?.~:; j .. ( K, ~ 1) .: i_t --~,s ?..O.S~rJ-,l'le. to 
·. , .. · ; ·. '·'.!.' ,_ .. ,.. 'h1 .::~;b. ~r .. : =; o l .. L-.~· :' IV. . · ·-· · -··- ·' · 

solve the equation . :· .. . . ' ·,. . 

(7) 

'··-. 
~ .· 
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'· ~- "·· . "} \ .. i • ;' :~ • 

.• 
~ ,. -r. .. 

with negativ.e--·.eig~rivalu.~s.' '.f;;:.~i'S" , ··s ,.)r··· _:(._.:~:.~:~,~_-:with·-'this aim·· 
• • • • • • • . ; ;- • • ·• . . ~ . j.; . . . • 

·we inves-tigate t'he asymptotic ·form of_ solution&·. (7} w~en 

We proceed from the sum. to th~, in:teg~al:an:a:~~~t>) 
r , , 

-.~.'\. !. 
;: ··,; :. 

. . -~ . ' . 

.. C) 2l(K,ilJt:, ~1{J'~t/p_jK~.'JK 1 lf}~~;j,~~;:,f.?~(K:d); 0 •. ,, (12) 

. . . 0 . . . 

. , .w~,e J~\~-, . , C~s ~::, /Jo~ ... J UJs, ,Y 't S.iu J. S.ur J-t'os ( <{f!::.: f/J.. · · ·- r.· \ ·~-~ ·;[.u.·_ ~~'- ·:-~-I 
:. • : '· .• •. • ·-~ •••• 4 .' ••••• ~... . • '. • •• - •• • • • • • • • • ~ •• 

. . 

becomes log~:r.;lthmi:oally diye~.gent -near; the ··,Fermi ·'sur-faoeU.-let:; us 
. .:::·:.,~'--;.:a.. .. '"'. :~· .. -. . ·- . 

which at sm~ll :: J~ ·:{K;::J(:'.) , .. asympt6t£~K:Li;··.:6rbin~ld:~~:~ ~ith '(12). 
. .~... : .. . ~ -.· . ~ .... : . 

Let us introduce a~·certa~n"funotion· · · .. · ·. ; ::~ ·' ,..;. \ 

.. 

and 

f (I{ F) ~ -~-·-h1_E_' {-Kt:-}. > (} 
. . cr 
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Then. the .equation for ~ {K,·n·) is . 

f'(~o. )+ AL ·(~J.jcJri'L (,K,,x;~CQs~t x(K~.n> ~. " .... , 
··::>.'·. · ·.o.·"'"· t:. · · · ... ::, \ { 'S..F.U) .<·~ ::;,::e· ·(14) 

· ~T (;r}.jJQ_j d;t~v/K~K4~ {f(t;t,}Kt,c,;'J) E~;;? {(K:U}~~;~J=o 
The solution of the equation (14) at. I(: K ,: since 

. . · .. ;.': ;, .~.:· 

r: 

•... , .• (l5) 

Actually /.f I< F.) > Q\' \·· ~d the last term 'in (J:4). _is th~··. value·· of 

· ht_gher: :or1d'er :j,::t-Lsmaliness, if for J-¥ '(K·~· /K'J llv.}there ~doe$11' t exist 

any ;eglon in ·?<·.f·e~·, space where it rapidly changes. ·· · ·.· '•'· '·i' · 

.Let us. expaJ?,d in: Legendre polinomi~ls ..... · ......... _{ -:~ .. f;} .~J ....... 

,\ ... 

and:. perform. correspon.ding integration~ Then we obtain the 

con.4.1.~1ons of. ~~P·E!rfluidity of nuclear matte.r ...... . 

J f:•(?(i<F) { Q ' Ji5e.~(KF) l_{)' c ;"c (16) 

.··,. 

(17) . 
. '.' .,:~ 

·-~·.:•.; : 
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if each st ~~~e with .~.l~.Q.r--·,_Q:Q·:r;,\t.ri1:nl.tes., .. :~e~~t:1.v:ely __ little to the· 
• • ----... -. .. 4 :· •• :.:.: ::! .. ' . . '.:· ·~ ~: .. ·.~: .: . ':' .'·· :_:;_i ::·:~ •. .:~:. ~:i ::;:·.· ·. ~ : 

p-p interactione .:·:.~:~:::~:_::. :~~:~~:::.:.:·'.~-
.. 

5·~ ·' ;!h~_Q.Q!}di,t!Q!!~_&!. SU"fl ei:fJ:uftiitl_ 
_ • · _ .. : ·r .1 ':.J .i· . ·- t::- . .l:' ·.'!n ... : 

."' , ... '! · y.t~~§LQ!_£~~~-{O;t"$!~,.~:;·i·· ... _ /1. ·. 
. . ••. .... . . . -~- ····.~. :: ~-t.~ '·J.~- \ ) ,.>\ \ .. t 

, ;;r t[S .L:: . . : ... , , :- . , .; ; 
rt· is of int~i-e·st to 'consid'Etr"'~th:e ·ca·se: .w;3:.t~~: ~ent.:ra.l.,;f·o~ces. • . . . .,1..,,~ '~' ~~- · ... ,; . ..': 

We come to it if we suppose that tens·or and spin-orbit forces ..... f; .. 

tend to zero more.that central foroeso 

In case of-~ _c·:e~t:ral forces· a sep of ·e~~ations..:. {7) 7 .. \1~) 
is reduced to three· in~e~~rident e.}uat1mis: ' ' - . '·c_··.- . . ' ' t ( 

-~ je ( « )- E F If {KJ"" -~co f., J; _(K, ()<,f ,(~ ')"~ E+ f ~~ )'" ''"" :. , 0.!1 }. , 
. ·- .... ~' .. _...; .L "l.~ •'J. 

0~ . ' .. 
. : ·;-:! :::t r~ v .: l)() .·_, .. ; ..CJ . .J . ;. .c:::: : : .. u:;;~.- ::· .U, i7' , .. : ;:.· j· . ., .. :~ 

Follow:Lng~·t_p.e ·- ~ons;i.~erations. of the previous ... section ·we 
0 -Ho 

get the oau.dition~ of ili:perfiuidi ty of n11b1eart ma-tte;r :, . 

•· :r:~"O(~F·) <'6': '' i•r."R<O,;~KF)?_"(J . . · 7: f=!(f<F )~'0 9
' : '''"' 

... ;'.. ::::D :~;-~s,.-, ·. ··_,:.; __ __ ,:· >: .. '-ct::·;cS$ __ . ,; ;: .. , : l.-- . <~:~_~': ·-::Hit·n~~}r);· .. 

,, ., rc· Tu, (KF,);<. ~;~ , . 
. :·." ,_.... ·. ·-; .... ! .:_: .. ,_ ,·. :. .. .. - ' . ; .: .. \ \ . .. '·:~ .. ·~; ' ';-:- . _'\ 

if the cont:ribu't\on· .:or· t:li-e,.,$tat~s _,:wi~h- t--~ -!t is not,iarge • 
... . ·<\' ',. h.> \ ·, 
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.· .. } ··: 

Now let- us invest.igate t·he.'. rest:r:Lotio~s on the functions 

J,;., ( K.,l<') in. order _that .. the set of. eguations (7) - (11) has 

scdutions with neg~tive eigenva.lu,e.s E_ ··-•. With this aim we 
. ~ . . . . ..... ~ ... -· .. · . , . ~ :. '; ·: . :· ::. . .. _,... 

·- . 

. suppose ·. 

•' .. , ·~~ 

<A.s; in the section 4 we pr·oceed to· the appro.xim~t:_ed set of 
I, • ', 

~quations whioh at·small Ti~ asymptotically· coincides with the 

set of. equations (7)- _(11). The~ we introduce some· unknown 
. \:, 

funct·ioris f i ( t<, u) coinciding .. between t~~mselves at 

K~-1<,: . ' Suppose t~t th~ \fu,._nctions Jin {K,:,/K'l,.n ') have 

no regions in 
I ' . . . , 

K -space, where they change v·ery rapidly~ 

'!'hen the_. con~itions of ~uperfluidity of nuclear. 111at~er for 
. f 

the mo~t general case 'C·of nucleon-nuclebn interaction· a;:re 1
· 

(22)' 



:! 

! 
' ! 

'i 

,; 
:· 
i; 
il 
q 
;· 

j: 
I. 

-------------------- -

-· 15 -

: _ •· . . 5--._. . .. ... . , . : . . . r~·: . : . . .. : . . 

'· .. -~ e Jd~', { !- :::.~;. [~~~ ~ :!(3e~: e ](Js:~~;)-ie)~~·~~nJ+ 
+ e, ( K.,n') [(l' rd ){J;·~J,c-J)r3e)~+i~)(T(+1Ti~~1}~4) 

g_ {Kr:,S1) , " ! s. -te -.·1.. d . s·r t~·.z ·.·· 
... ·--·~ ---: ..... 



• . . i'J! 

. . 

!""· .. 
• '$-

- I6 -

. + Gf. ~KF,o.': [(f. ri~ )(J5~
1- ~:-J-3e1 (9, <-i1){t;~ T,~)J+ (26) 

~ -~~ 0 . . . 
. . . u . ·. . 

• i . : ~ 
. ~. . 
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and the imaginary parts of the expressions (2J) -· (26) must 

be o.f .the same order of smallness as the terms neglected •. 

The conditions.of superfluidity of nuclear matter (22} 
... 

(26) and the rest·rictions for the· imaginary parts are very 

complicated··;;:. ··N-everthele·ss as it was ·shown 'in .the previous 
-: ... · 

... seot'ions, .th~y gi~e tis ·p.ossJ.bility to·· obtai.n. simple condi~ 

tions for the particular cases of interactions..;.· 
·..~···. ·o;. --~ • 

. "'· 7 •. . Conclusion 
-....----·....;...~-

-~_.;,:: ;; ·As is shown by the. tb,eory· of superc~n~ut;}~iv;t t;c i) the 
,Ferm?- systems vd.th predominant attractive forces possess·· 

,._'. 

the property of superfluidity. 
. . 

·The· ge'neral tendency of predominant att·ractive forces 

r'eveals· itself; in the conOit ions of superfluidity of. nuclear 

matter alth~hgh'''the. conditions of s~pe:rfluidity for the ~·most 
.. . .... .~.,. 

. general form 'of nucl~on-nucleon interaction 'are rather compli-

cated anci' the <lependence on the potential. is rath'e:t. compli­

cated too. The .existence of. ~uperfluid state of ~nucl'ear · 

matter is connected w'ith the' behaviour of the even st~tes. 

Js-1: (•< f:') 1 T~ 5 ( K rJ 1 Js'r ( K F) • Ts f ( K F ) · 

and odd sta:tes Tss (K,:), Tst. (K~:) I ht: ( K.l=) I Ttrr {KFJ, 'T-te (K.F) 
. ' ·' ... ~ .... : 

on the Fermi· surface., . In p·articular. Cftffe:s when only p-ep 

in.teracti.ons· br central interact'iohs ·'are con:sider.ed, the 

conditions of superfluid'ity are reduced- to the. ·req~irement · 

.that the potentials· 

. -:~. ,.; . ' .. : 
.~ .. 



18 

:..; .· 
,_ . •. . 

\ .... 

a_re th~ :attractive :pot~ntialso -Since the- st;ates -with f> 2 ;· -; . 
. ' (; ,; ... ·~· • ··'! 

make a considera.bly·;·srilall· contributi<:.·n·· into nuoleo~-Iiucleo_~--

. iJlteracti:·ons. ~~; thl~ correspi~rndi:o.g·,· energy region no reat_rict.ions . 

eXist for them. · "!"! 

. 
Let us compare the •ncndition.s of superfluidity of nuclear 

. : ~ 
~· '· 

matt~.1-:.;.w~ th tll.e note:o.tials, obtained from the analysis of the 
... - •. . .... ~~-· ·:1' o(!o • • • : •• ~ •• • • •• ~· 

expel;ittie.rital ,:data of nuc.le:oil""'!~ucl~?P.. 's.c·~ttering~· It is known 
.· ......... ;: 

the,t the. particle dansi.ty of nuclear matter is approximately 
··! 

2 ,...! .·.l··a:38 na.rticles 
3 "-.t.. . , __ cm;j-- • 

w On -this conditi·on th.e wave- ··1.engt?- that 

co;~~~ponds to the F·~rmi energy is· 00 675··~lo~~J .. ,_<?m• · _o~ the 

' basis of a n.umber of papers (J) the co~clusion may be . ~~a~ tha.t 
'f 

the potentfals have ·.a· repul,<Jive character when. :the wave, .. , length 

i f th d f (0 .. _2 · ··o· ·-) 10-lJ d 1 t 1· s o e or er· o . · • - 9 .:> o · : cmo~··e .. n···- :·ess;.: a a~ger 
. .-•.· .. 

·wave lengths thet have·: in at-t.L·aot1~1fe cha.ra.oter. · Thue nea.r 

. the li'e:rmi surfac'e the nucleon..;.,ri\.tc:']t~on· potenti~ls are. ,in genE:ral 
. . . . ~ ' : : ( ~ ·. 

att.ractive oneso . '. 

·. · AGcording t.o the da't~- 'on nucleon..:._~ucl.eo~ potentials we 

may come to the conclusion that the conditions- of supe::r:tlu:l.dity · 
. . .. ;.;_· 

of· nuclear mati{er a:r'e in general ful.fllled ·i·f::~the, interactions 
••• ,.,,... .!J.. 

bringing to superfluid:ity are weake i'- . 
:..~ .. 

(J) P~So Sign.ell, ReEo Marshak,· :Phys~ Revo, !2§·, 8J2 (1957)e· , · 
J~L. ·Gammel, R.M. Thaler, PhysG Rave, !,Q1, 291, 1JJ7 (1957, 
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