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CHAPTER I Introduction
         '                     '          '                     '    '    '                     '                 '  '    '                                    '                                                             tttt           '      '     In 1950 Mayer and Jensen introduced the idea of the independent-

                                                               '       '                                      '                            tt   'partieie model into the nicroscopic description of nuclear many--body

                               'systiem with the 6onsideration oÅí the spin-orbit f6rcei). This so ca4eq..

                                                                    '                                                                       'shell model has bee p very successful in.gxplaining a mass of properties .'

eOftc?YCIeZ (MagiC nUMber), Spms and paritzes of nuclei m the ground states

.•
. . ...On the other hand, in 1952 A. Bohr introduced the iiquid--drop model,..

by which a nucleus is a liquid drop and vibrates around the equibrium •..
shape ahd r6tateS en't,ifeiy iik6 a t'igid rotor?) the'tiduid-drop modei'hag''

explained t "e over all trend of nuelgar rngsses, the collective" natures '.

of nuclei, whieh are the excited states of vibrationai nuelei and rota gional,

       t ttt ttt t    'nuclei etc... ..'These two modelsexplained many aspeets of nuclear phenomena. ,'

.' . 1However, many experimental facts such as even-odd mass difference, the

momg4tl of inertia of deformed nuclei etc. ean not be explained by these ..•/... //

rnode ls. These situations were well accounted for by introducing the . . ..•

Bcs-theory3 .) to the description of nuclei, which explained the su?erfluid

                    ttt tt tt tt t                                                      'giclhdr:.eUPf;lf2:dUetZVitY P?enOMena 9f liqUZI heiz.um by Bardeen, cgoper and ..

     In mind the above successes, the method to treat the collective motion .'
 tt                                                                      'of many--body system from the standpoint of partiele excitations was investigated

bY many authors in terms of the randoin-phase approximation.S) This .method.

                   ttis the extension of the shell model for the nuclear system, in which the

                                                           'pairing eorrelation is dominant. The random-phase approximation hbs an

                                   'advantage that the same equation deScribeS single-particle excitations and

collective excitations. This method is the most u"seful tool to investigate
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                       '                                  '                                                           'the structures of me.dium and heavy nuclei. In fact, so far 2+ states in

                                                                'the medium and heavy nuclei, especially for first 2+ states, have been

                                         '                                                    '                        tt                                                                   'studied in terms of the rarLdom-phase approximation with using a sirnpie
l:gei.a,C.t:[2.g.OPgS,eS,:f,i:i,M:o,:.oi:.-:.at:.i";,ig:c;."::.:.<x.l;;:d,r".g.i:.f:gc,:'6),

i$  9C;hOeun.te..diefO.i ;X.ayiibt.a:]VperilbbiY.m:hi.SriM!.i.e. ::•:a., 'is treate'd' by using '

                               '           '                                              '                                        ':,s;:::i .:"g,ep :1.:EtEp.agt,;.el:,e2i:tL;; :",,g.S,;:e.iel:gh.-O.i:.Xr..IPgr.IX,i:,ai.:,O"' '

is solved in terms of the random-phase approximation..Strictly speaking, .'

iE.i.:.il,/g.iPz.:iii:'ilPgil/I.I3,'l':.,l,.1,i:,ii:",,M.;S,l•,II,ib,illl,:fi.lili:.;..:lii-•te,:[I:ik,i,,,t

                                                '        '                              'study the palting correlaticn in nuclet.'s.8) xn these experiments the (p,t)

reactions on the N g isotopeg, whigh.werg in the region around N=92, was '. ...

gg:.e 2K.iaii.eg.:l lsi',+'2!i2.lo::g.:eg. i.ag,ts.l' th.ih,eg:.:i2.ei.im::t.ig,w::2

                   tt                                                            tt                            'strongly exeited. By t Pg conventional modei, usins the monopole pairing

force and the quadrupoie foree in terms of the random phase approximation,

::'Lih.:a:,2ei:.2gi::geS.I9.:;,Sgi.12e, :1 g,t:?s. of eygn-even sphericai •....'/

• Thus we introduce the quadrupole pairing force (P2-P2), which is ''

Ig,e:,g":::.d,:l kg:.1:i;e,:?,,exge.g o,zait.i:i:.: il.::.i2e,itl,olgil,iz gle,..6.

surely exists in the two-body interaction. But it has been neglected,
                                                              '                '                                                                   'because we have restricted our interest in the qua p, tities which have

                                                 ./ .                                                 -partiele--hole nature, that is the gamma transition and the inelastic

seattering etc., Zn the' normal state, the quadrupole-pairing force and
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                                                                 'quadrttpole force do not interferq.with each other in the framework of
        '                                                        'I.:e..r,"r'g.O:]gh..a:e,,aP.ggOl::1.tlO:s.b"t i" s"per because the particie numb..

                                                          '                              '         '                                              '     In Chapter 2 we shall discu$s how impor.tant the quadrupoZe-p4iring .
force is to aescribe the 2+ stat6 and to 6xpiain the 6' kperiment6i resuits.

The importance of trle quadTupole-•pairing foree is pointed out in Chapter 2,

then the form of the Harniltonian change, .Thus in .Chapter 4 th g model,. ••

                                 'eontaining the quadrupole-pairing force is applied to the first 2+ states

                                                                        '         tt{.,/Si•\•:ILil•i/:•um.enl]d::i.i/:.I:.diihileil/i:ili,,fl'iii!,//i':1':•!':'il:al'i,!al/ia;!liii'iiilg,i'iiidl.

:n Chapter 6 the reaetion mechanism of (p,t) reaction is discussed. .•'  .
The change of the angular distributio? pattern leading to the/first 2+

                                 '                                                              tt                               'state is not accounted for in terms of the distorted-wave Born-approxSmation.'

Thys the .second grdgr term of the Borp serles is.taken into accounF ' '''.

sanc:ttthe:iXgai.eUiatiOn iS done by using a maeroseopie form factor for zneiastic



 1)

 2)

 3)

 4)

  '
 '

 s)

tt

   '
tt

  '
tt

'6)

 7)

 8)

 9)

io)

                            Re fe rences . ..

                                                                 '                              '                                          '                                                       '
21[.G..',:llei,.a,": Jl,.",' 2',l.egie2A.?lemg"fary Ttiegry of. Nuciear.sheil

A. Bohr, Dan. Mat. Fys. Medd. 26 (1952) 149• • .. '
A. Bohr, B. R. Mottelson and D. Pines, Phys. Rev. 110 (1958) 936 .'  ..

Ia?dge.igum's:•ll.&,•.i•zs.Ci,:•iezlla;:,;!. i, :i:Il:f:e,::..7eys Rev io6 (igs7) i6,,.

R. Arvieu and M. Veneroni, Compt. rend. 250 (1960) 992;

M. Baranger, Phys. Rev. 120 (1960) 957 . .

L. S. Kisslinger and R. A. Sorrensen, Rev. Mod. Phys. 35 (•1963) 853

D. J. Thouless, Nuel. Phys. 21 (1960) 225; .. . . ..'

N. N. Bogoliubov, Usp. Fiz. Nauk. 67 (19S9) 549 •' . . • 1 ' .

A. Bohr, Proc. Intern. Symp. on Nuclear Structure (Dubna, 1968) 179

lil Y,g,gli.Y,.. ,"ik.i.t.J,,ligil", P,1 Iis,S..at;g lh,y,s,;)Le,t,;• 2gB (ig6g) 647;

,"
,'

,i:gki,f:d(l:5,gglOg.2SIIIa,g"IX:r,2.iX:3 Laboratory of Nuciear studi..,.

•`t i•



,ei"ir•

A

Fig. 1,

pt-vm- .b i.

P'h

.

      '       tt ttSchernatic representation of the
  ' '
Lines running upwards represent

downwands represent holes. • .

eee

P-P

two body

partlcles

e•
gi,n

tbee

k-h

lnteraetl gn.

   tt t while running



CHAPTER 2 Trnportance of the Quadrupole-Pairing Force in (p,t) Excitations
           of 2+ 'Vibrational States

l. . Introduction

                           '  tt                             '                                                        '                                '                           tt,Alb.:ll2•;Ee,".t.r.:n..t.r.a".S,.f:i...re.ai.XiO.".Z,2.a".e.P.r.O,".21ti,b.e,;gp.,e.ci2.:i;,:e:::tive

Osaka University bave been currently studying (p,t) reactions on Nd •'

isotopesl) .and the r' are-earth nticlei2) with about so--Mev protons. zn

             '                      ttt ttthese experiments, they have found a new experimental evidence that there
                                                       '     '            ttis an unexpectedly strong L = 2 transition to a state at about 3.5 - 4.0MeV.
These 2+ states were interpreted by them as being the qtiadrupple-pairin'g

          '                                 'states'.1 (Heneafter we also call it the quadrupole--pairing state.) For.

the B.a3 ) and Nd isotope$ with neutron number le$$ than N = 82, the first

           tt ttt ttt t                                         '2t state also has a structure simi,.lar to the quadru?'ole pairing states..

                                      tt                                                               '                           '             tttFor most even nuclei except for nuclei near the elosed shell, two-neutron .

'transfer with L - o p6pulates the ground states4). Howeyer, yhese'  exciydd

;l.g:,t g.:e:.:" r,: .:::zs,t,:h:.za.:e,;:".:s,:.t:o:.:i::.:g[:;.:i.i:i ill":1..Zt,al:S'

                           tt
states, have been well described in the random-phase approximation by us-

                                           '                                         tt              tting a simple interaction composed of a monopole-pairing force and a
                                                    '                                       'quadrupole force5). The obsefvation of such a uniforniy strong L k 2

transition can not be explai ped in terms of the conventional model, that

is, the monopole pairing plus quadrupole force model. Previously,

udagawa et al.6) have tried to explain a strong L = 2 transition to the

first 2+ state of i40Nd taking into account the quadrupoie-pairing 1

s
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x?tl i#.e;l?" ,o"..g:e..?ail'g,:g gh.z.pgihr:2.F g.i?r.li'lo:.ait.geo,:e.,p[:zoge, ,gy.

         'ge,rX:#i.g'g.ibl.Ei/r":iiw,iif;t\.:N.i",Z.ZO.lis5P,gu[,i.2i,il')'?i'#.tlO#.i':id.i.:,rid,:,t1.,.,

                                             '                                                  '     '
tn:;i:iti,ll,:e.gi.:g,,g:.:.aitÅ}..ci:.;.l.2.xh;+nxe,::gs.ga2,gixi.iize,.!g.l.I,i,arge

interaction does for the groundstate. The calculation is especially .
focussed on the. (p,t) reactLions on spheri' dal nuc"ei.,'The.2+ states aFe' .

      '                         'deseribed by a gding.the quadrupole-pairing force to the quadrupole force

in the framework of the random-phase approximation. !Ihe quadrupole-type

                            '              '                                        '                                    '          'density-vibrational mode couples to the quadrupole pairing-type vibrational
                                                             'l!ll.ge].Jtn..t:eff.CO.ntVfin.,tibOn...a.1.th.egol.ry.t:l:lchlhta:h.de.slcdrbib..e.d.2t+.dv:tL'Rr.attit'hon.ail.igg.a-tes,

            '                  '                                          'f-atnrve o.F.'i-his latter ef.Fect has been reyeaied in the experimenF of t':wo-

neutroti transfe'r reacti6hg. . our method is a reasonabie ext'ension of the

[honegurYctzlnOrg pthheasede.SCriPtZOn Of VLbrational motion of nucleus in a super-

' A similar experiment on the Nd isotopes kas also been reported by Ball

et ai.8) vrtth the (p,t) reaction at 31blev. They dia not observe any $treng

L = 2 excited states in these nuclei. Their results may be explai"ed by

    tt t ttthe deereased intensity for the transition to the quadrupole-pairing

states. ' .The calcuiated cross sections for the quadrupole-palring states
                                     '                                    'certainly have astr(mg dependence on the incident proton energy,but those

shom a broad resonance-like peak with a maximum value around 30MeV lower

th an expected. . • , ' . - '  ' '  , . . '  . • . '
' In sect.2, the 2+ states are described by the quadrupole-pairing force

                                            '                                                                 '                                                      'in addition to the rnonopole pairing plus quadrupole forces in the random-
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phase approximation.•' In

reaction cross section in

         '                ' 'sumrnarized and in tsect. 4
               '                     '             '          '                   'with experiments are made

                       '    '            '      '                  'discussions are presented

sect. 3 the calculation

          ' the distorted-wave Born
 '      ' suTn rule$ for 2+' states

         '                  '             '                    '                    ' for Ba and Nd isotopes

              '                '             ' in sect. 6.'

method of the

       --• approxlmatlon

 are discussed

in sect. 5.and

(p,t)

 is briefly

. Comparison
          ttt
qualitative

13 .1. ..,ptN,,l.B,.fkE 2Ldiya

      1(S.>J":r ...=' 2Zis `d'i il (tK ic)tr YJ ii i?> [`{i't/<EP S9 `ri",

             't tt ttt  t ttt tTh6 expre.ssions [cli 6b'  c:•2]f2g).glid [c'.Il•"i (g> cj2]5:Jl ). represgnt two-pgrticie

and particle-hole pair operators eoupled to angular momentum J and its .,

z-eomponent pt respectively.. The parameter K -- <mtuolttf)1/2 deseripgs the

oscillator strength and. A is Fermi energy whieh will be determined lateri

' In .sphericai nuclei with partially fiiled shells, the most important

            tteffect of the two-body force is to produce mon gpole-pairing correlations.
                                                                       tti.hep:i:glliS[hilaYB.E&l.Illili.Olv".Ci[l:S,e.g:ii.e.i:;i:,::;ioi") ,the wave function is



{

      .c)•lJ'f. od of,•i + v,' od'-pt8b•.L.., •)'. .(25

                                                                        '                                               '               '        ttt                                                                     '                                            '          t tt                   ttwhere ct:.m and orjrn are the creat;on and annihilation operators of a .

                                        '                             tt                                  tt                                            '      '                                                      '         '/ffiS.1'l/!/gl'/li;'i/i:11iti/:,i",i12.il'ig,i•2/f.?.l•ii•:flli,i•.e,ft/il'ii•isC.ii'li'ijl,i:/:':.ftliil,;.;,Ol.11.

. •The last two interaction terms in eq.(1) could be treated in the ran-
tt                                                                          '          tt                             'dom phase ap,proximation5)i This proeedure makes it possible to diagonalize ..

these terms between all two-quasiparticle states and yields collective • .

states which necessarily contain a large number of quasiparticles. Let . •

XSIrSii.111,iiMuilelillFi.1:#Åí,:111iiY,g:iiiii1•1•il[II•;1:i,llOi..ril.li.?111.f""iSili6L..,,...i

                                                    '                     'ih ,h.e.idii.3-12,:,i '11,,ill.l."IX.1'.[.;1;.O":.glll,(,i."dl .i.:eig;L,iii '.t.,i ',.''1(i'b) ''

                                                     'ttt11f l7rds.y.a.li.rai,jiok?1,11]oi,,ii,1)e,"l.slj,j,.rlrl-eco,i,111.lpi,rlt.lri'1<,,

                                        tt                           '                       '                         tt t            '
The, amplitudes tp, Åë and the excitation energy 'h-tu are determthed by the .

foilowing set of equations derived from the equation of motion [H,,Q+] = hcoQ+:



to

                              '     xtuth,j• - EJditY,•jt - "V. flJiO•l.:zV.s 1;9j,/(Vi,i,/ + de,t,d,-)

                                                                    (tra)

                                '                  '             -,l- <!t. P,it' 2; {,il,S3•' ( (t,i,,•,- + <il,l-,,v)-.-,,i {IZi R,,SL'.'22S B,,j•? ({l,I) i,i--(t,?1d,•),

   -- # a) 4 ?dJ• t == ' FJ•j i ip,sd• i -- il- 7. adSde'i .t2:1:i fidi ,`ob• ,) ( ",x, d•,, + <l ,?; o• ,t )

             - s( <{iE PoiS•g' :ZL PJ#,Sl•"(`(•ir,j,t -t- Fl?,s,jr) '{' :l-<3:2; Btid(!,'Z B,Sf,t'(sc,t,J,i'"`II,rt,i,t).

              '                                                       '
                                                                        '                                  '                                                                   '                                   'Here the abbreviations Ejj, --- Ej + Ej, , gJ(.jS.? = <S ti(iKr)2Y2iij.'>(VjVjt+(-)SUj,Vj),

and p.J(.llS.? = <j li(iKr)2Y21ij'>(UjVj,-(-)SVjVj,) were used. From these dquations

                                                'we ohtain the coupled disperston equation which determines values of hes.

         `r-raSg.• T(!r2Ro , -(!?-i?Ni • '

          -lrZx,PN,, i' G[ii,St , '"-(!i.r R.' "'= OA , '(s)

               '                                    '           '                                  t "" (1}irn S2'                       ... (1{ Rz          -7. R,, ,
                                   '
     'where
 '

     ,s.-z Ei,/ilvEOi-'2 :dis). , R.,..z i:oiile.tA(D"(Fik',.di). ,

      ,s},-.z, g,el(;";:f4is>. , R,--z illl'i,/',PiS'i.i,TZI,,. , (7>

       ,,s. :z ,E,,tP"/r'2(F.k"-"',.). , R. rz t"'Oii..P/S}'(liiils



                                                      'From the normalization condition of 2+ states, one can easily deduce the

                                                            '                                                                   '                                             'relation

          '      1{•ii;d,(`hdr'dCm'Yfdd'ctrt' "'- St)ig/,-`71d?a.t)=: •:?8r...,,i . (fg>.

                                        '                  '                                                                  'The suffix n indicates the solution corresponding te an eigenvalue 'Kton.

Frotn eg.(5) and the norinalization condieion (8), the ampiitudes W and di

are completely determined and are given in the following forms,

      il'eb',M =' {Ezl; E,4,i...-k,,>,.CSs:O) +ti PJeO'> -t- }r. e,o(?] , (94)

       `iEidi',t,i='g.lif'z pa/,-,•ci,.C S-<s"3) + }r:, i,r,f9>-- y2 PdbS''"]l . (9S)

Here 11vlTZ is the normalization constant and the last two terms in tp and Åë

                                                            'give the components of quasiparticle paÅ}r amplitudes caused by the

quadrupole-pairing correlation. The constants Z, Yl and Y2 are given by
                   ' '

             '        z = s.! + v,2s,' + or.2 s./ d- 2rt R,"-t- 2or. R,i •+2ol r. R.' ,                                                                   (/oq)

                                  '                                                                '       '
        )c, =i (q.et -- q, C. )/( L, c; -- b. C,> ,                                                                   (ipA>

           '                                                                        '         r. = (a, b. -• a. bi >/(b, e. - b. e, ) ,                                                                   ( !D(r)

where the prime rneans the differential by'fftD, for instanee So' -- 'dsoldeffto),

and al etc. are defined by

  q, --' S. Ct-XS. ) - (gki, R,2 - q.Ri

                     -?  ,b, == Ro(i'72 So)A"- (!tnT Si Ro '- qiR, R2 ,

  ei = Rt((-72So>-(!i.T Ro?2 '-(XS. R, ,

  a. k --'7. 9.R. -t- (i-(S[i,S;i>Ro'-<!i7iRi R2 ,

   b. -h •- -IZ: R.X +( l- &. s,)s, - (!t. j!G- .

   c,,, = -7. R.R, -d- ( i-(iii,S,>!i<,, -<S,L S. R. .

<il)

"
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3. Spectroscopic amplitude for two-nucleon transfer reaction

     several attemptsl2-14) have been made to write simpiy the cross

section for two-nucleon transfer reactions in the distorted--wave Born
                                           '
approximation. The differential eross section for the(t,p) reaction is
                                           '                                                 'given in the zero-range approximation by '
                                                                      '              '
       '                tt                                                                            '
    S`C,",,--i-\,'.i,-i/S?4iF•ts.'v;j}l?.i"i,..i,,-,<fF)tl,7f.2i2R)F.m)j-i`lrGl(sz,)f,e("s.,R)dnetS,

              '                                                               '
                               '            '                                                                     '       '              '                                                             '
where Zi and If are the spins of target and residual nuclei, respeetively,

 **rn t and m p are the reduced masses of the triton and proton, kt and k p are

the relative momenta of the triton and of the proton, and Ve' ff is '
strength of the Gauss-type interaction which causes the transfer reactions.
                        (.)               (+)               . andf are the distorted wave Eunctions describingThe functions f

the relative motion in the initial and final reaction channels. The veetor

R defines the position of the center of mass of the captured di-neutron.
                           '
The form factor FL is given by - 1
                           '                                                                             ,           '                           '
       F.(R)-k Br.:vit ts RftL(ie. P•R)• ' ``'>

                                    '
The function RNL, is the radial part of the harmonic o$cillator wave func"
                                                                 tt
tion for the eenter of mass coordinate of the two neutrons with principal

quantum number N and angular momentum L, and the parameter v describes • .

the oscillator strength. The coefficient BnNL, which contains all the
   tt                                                                  'inforrnation about nuclear structure, is '

     B,,rv,., = n, ,Z ,' k"R`"'2' 3j,J.Aa, if >i i. tr>:s.T <r•M , q,, m. p. ) t., / mt'"o, iVk > ">

                    '                                '               '                 ' X< (sl`Pt)d't• (tlr]i)i2 ; TI ('El- sl->o,(PtYa>k> <T>,,- . (`<)

(l z,)



p

              'The faCtOr gjlj2 iS 9qUal to unity, if the two neutrons are captured in

g,h:,:,a:e.i,;,:ile, IP, 1,;,Eliil,glbl;, $,1',l':,' ,:IS .Og :rW.i:e,,ig;1 i ii ttl,,I.ll,: •

                               '                         '              tt t tt tare the 9j-coefficient of the transformation frorn the j-j coupling to the

                 '                               'L-S coupling representation and the Talmi coefficient, respectively. .Tt }e.

overlapping integral S?,fy o g the wave functlons foT the relative motion of •

         ttt t                               '             '                             '                                                             '                       ttthe .tw,.o ..t ff2::/l\;ltrii:";.:",tko"f;.j?);ei.iilili.Iili//iilliil.liiil:.iig,Sl.alljSFIi.iie".?Y.',,s>-

                                                         tt t            /. . ... .. .. ...                     '                                                                      '                  '                             tt           t.. .. .. . .. .. ... .                       tt                                                                  'with 6'L X' '+ f2 +862 .ah6'b-= a2 +. 261. 'i.' {}[tli The' p'hratheters 6''lmd' 'h 'are'' i

                                    tti]/i:..ii/r,i:IL',"[iei:i.I2.,i.I.i.i,,iil.:..:.d.1:i.,l",lii:;.:Oi,.iY:,:.f.:h:..G:,i:rr.,1,''1.•,

       '    '          ' tttt    tt ttt tt
ttt

/' i/IAfll)Iiij17f'/11).i''tg&4(t-A•-tgk+),"f•lg' f////9...,cg?.'

.]
*,.rfFe'/.•,(t`]

1.h.e..amp ]ll]t;ldv.e,.,wlz,+t.h.,.ri?rle2c:..j)o,l.he$ir..ol]lliiillll.-d,lt.,a.ietll]jloltlO"ZS.fq"1itO..•'•(•,•',t-)••

                                           '   t tt ttt tttt t t ttt '   tt                                                          '                             tt t                  tt  '            '                                                        'Here we assumed that the target and residual nuclei have the same ground-
                                        '                '                                           '                      '                                                               'state wave function.' Strictly speaking, both systeMs consist of different
    '                                                               'nucleon number and these wave functions are non-orthonormal to each other.

                                                               '                                                              '          'Zn order to simplify the calculations, we neglect this effect here. On the



                                                                            lg

                                                                            '                                                                              tt
            '    ttt tt t                           '                             tt tt                                                               '                     tt                                                              '                       tt tttsame assttmption ; the (t,p) spectroscopic amplitude associated with the

7ifi.Ziajilli,,1.f8,ng'=S;a,;e,,,.bi.!-.O:ei lh,f :, ,,. (.,,$y,,,,..? •T v,•, i/i,1 sii,],."'). •.• (is> .

FOi.r: ,.(P(.Ili)=,rrasitvi'.O"S,JI.Illl.IC.O)M-!ttt ,,i.(ud,uo.,7Id?,,is,r.,'.r vd•,1v,•.,2jcdf,J•..,IM ? '..(t9') '•

 ' • In the transfer reactions, the largest contribution comes from around '•
                                             '                 '
the nuelear surface. The cross section will become large for a form factor

which is peaked around the nuclear radius Ro and has a long exponential '  '
tai1. In the numerical calculations,. the form factors for trfe external

                                                    '
region of nucleus are th .en constructed by matching the form faetor given

ie.h:" l/"ilJ2iill'i'il;i:,il.a.[e::II1"II[,l"1',V.S[I,[`.1.:1.Iil[1.1:,IVIIi[:li.

ti 7n•}t.(m;.I...zr..-:f.".i.;o?.?t"1/;.l,.th:,,iP,ei7l,iliiO]i,,,C,,i.iCl].O,,r.1.iji".111,.al,,,,:•,lbtr.ti.,

i'k.e,Ct:i:SS.,je..Cll/lll[ltlS..:i2g?rtll'i".a:,t!h.th.e,S.Pe,.Ct.r.OS,C::i.'C,S.a,et.O..r.i".t,h:,.fOi'OW-

harrnonie oscillator potential of t be relative mo9ion of the two transferre"

neutrons equal to the frequency of the harmonic oscillator potential of the



1S-

                                                                     '                          tt ttar 4et.nucleus. In this approximation only the term'i}'='Gtr'max in eg.(14)

?.gr;!,"iZ.'. ! .e 2.g:.e.E !ZP.i:.l:'lg.tl' O:,il,gO.tge.:!.tle.,[;i gO.n.Fa:,: ;o.;'g;,::.}d

two-particle configurations. In this approximation the coefficient BnNL '

rgduc;::ho.th,e.,ll:ep,.1.it.u.lefo.pf,ih.e.,;P.e,ict..rO:hC.?P.hiC..fa,igO.r,.gi,',Ve."bi.'".kq..'i2g)..,-''.

../II/l.IclL/islil.il/F/i,ii//,/i•..ilk,,iill/is,i[t/l,Eo;/slie//i,iiim,l//I'i/kC.//,l,,,/Åé////,/lii///i..i'ill?t.ll/i/:/'`ii"i/k.:."di//iJ2;>

                                     'spectroscopic factor over all the two--quasipartic!e states coupled to

the angular momentum J = 2. This sum ru le cannot be derived when ground.
                             '                         '                               '             '            'state correlations are included in the description of states connected by '

the reaetion as is done in the random-phase approximation. Tn surveying '''

      tt t                                       '    'the  data on two-neutron transfer reactions r however, the sum rule is use-

ful to give a criterion for deciding whether the transitÅ}on is strong. .•.

ih.:t,l,ag//,t::umay:.:e.;:l'i.eflo:.`.2,gh.e.t:e,r.gh.:,:a,n:iiue.:,e.xh,ecus;I:.:,f:.iri-'

                 tt                                       '  '
transition strength associated with the quadrupole-pairing state has the

                                'majority in thesum-rule value. .

5. Comparison wÅ}th experiments



/K

.,{6(lli,;h.a.il.2.0.II.gre,S.e.",l.,re2."il,S.O,f.gh..',".um,e.r,t.ea,.i,,c.ai,c.yl.at,i.on.s.,[.o:;e't)

                                                                         '                                                             'states and the quadrupo!e--pairing b"taLLes. The caleuiations are made in two

steps. The first is to .estimate eross sections for the groli: }d-state

j.rll,lil IIO::.IE: i:.il] ih.:.M::.O:gig-.:e.kiii g.g"..t.el,agtg' g2-.ny#gr:.:g:h.g,.a.".d,:t".gie7

                '                           tt           '                       tti:.il.T5i.1.i'"lgS./:e:.ig,g;ui•r]•i..!:rg•n.g;.ir:rn..[2i..:',XP,krgM.:lg:g,d#.ye,o:,gh;,:g,ci#,tion

t tt t  ttt     tt    tt t tt tt tt tt '                   '             '
S..1 1 GROVND--STATE TRANSZTIONS

 . In thg .cglculations, all the single-paF.tiele levels iying between
                                        '               'Z = 28 and 82 closed shells for protons and between N = 50 and 126 c losed

shells for neutrons 'w'ere taken. ?w'o setsn of bfiingJe-particie eRergies are

,us.:d,.:.of "K"gr2 : .Åé1,a;:.i:2t.::.1: Z.?\i,:.l.XZ,Fel:elXg:.i2,e i;.i.Y.Zd, f?.i.

               'between 5f7'
12'  and 4d312 levels (3.7 MeV for ease I and .2.5 MeV for ease rz),.

       'and relative intervals of the levels above and below the closed shell .at

N =, 82 are kept theshfue iti both the casesi the value 3.7 MeV for caset

wbs taken ft6m the dif'ference betw6en 'Ehe separation energies for the

                                                                       '                                            '                  tt                              tt tSf7/2 apd "d3/2 levels. . EIrhe strengths of the monopole-pairing force were

set equal to Go = 20.0A-1 Mev for neutrons in case I and l8.4MeV in case IT

and Go = 23.0A"IMeV for protons` .'  These values reproduce fairly well the
                                                                   '                                               '                   '          'experimental values for the energy gap and make all nuclei to be in the ..

                                  '         'superconducting phase, except for N = 82, At N = 82, the energy-gap para-

meter becomes very small and therefore one'' can say that the neutrons in . '

142Nd and 138Ba are approximately in the normal phase. Figure 1 shows the
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calculated and experimentaily observed cross sections for the (p,t) reacd

tions leading to the ground states . of Nd-isotopes. All cross secrions are

sums of the differential cross sections taken for 50 intervals in the range

:.f.i•g.gO. ."[li,.a::,2il.:iO,t[:g.gS.g.l,Y:fi.t'Z:.O ."..'g::2,";:.lb2:.N.:':.:e,z.id"ai '••

11g:N.d igiig:.\.dL,,Ye,.g.Pti,c.ai.zo.iegiigi pg.r::eg:r.::f?,:d,,lhs::'e.;gi;rea,g:o:.:

jaRi i:.gg.tfi. .g,aig :t[ rg.]'"li:dgd, .l",?g,' (]zl,w2r,g..r{2n,gs,g%i. :o:fig, . g'6•, . ',

of the single-particle spectrum denoted as case II can reproduce the exper"

imental trends better than in case I..Further, the calculated excitation '

energies of the quadrupole-pairing vibrational states for cas ,e U are in'
  '             '                  'gg.od agreement with the g)Fperimental values as shown in table 3, and for

fase i beeome hzgher by about i MeV for case i. ,/,In ilF.l, IiONIeYer, Ftle,,

disagreement is remarkable at N = 88. .The experimental , data indicate the

                                                                  '               ttnecessity of taking ingo account the change in the nuelear deformations of

the target nucieus and residuai onei5). The reduc6d cross section is due

                           '                                                                         '                                            '
to  the qgcrease ip the transition matrix elemenF when Fhe differepce between

the deformations of the target and residual nuclei is taken into account.
                              'The deformation parameter 6.'f o.Q7 for i50tsgd gives better agreerhent with

the experimental cross section than .the result sh6wn. in fig.1. .Hovever,

                                                                      '                                                                    'I//gi.'S.iO.,O.SI:gll,gO,l::r:g,lll:h,.)th,;.elip,e,r,ilI:sn,t,-al.:;:i.,u:.6,:O.;,;2;6,.',.O:::.sho.yld.

experimental  data consistently. The differential eross sections for the 1 ..

ground state transitions are given in fig.2 and are found to be in gobd '

agreement with the experimental ones.'  Similar results have also been obtain-

ed for Ba-isotopes.
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                                                                            '    '

i, r2`. Excited 2+ State Irrdnsxtzons .

 ..' The expe4mental and calculated (p,t).cross sections relative to the
                   '                      '         '                                 '7I?,un/d.S:lt,ei..t,r:sl;lfilil"l.a,re...i.i,St,:.di:,.tab.fie,23.t.Oie5)ei.IIilhak.t:e..reS.."it,S.9f..

                        'reproduce the experimentai ex' citation energy. of the first 2+ state. 'w6.cah

not 4x thgse vaiues from the excitation energy only,but can expTess the.

parameter V2 as a function of G2. The (p,t) cross sections relative to the
:iro..und.'f'sg2a' reit.ran,hs.tii.' zg.f:iill:tg!es,htn.gi6.N.dl.:ttr,eds.h.o.w,:l2.,fl,g..'3f:s.a,h.funcd.

q,hU.ad .r .u pp .ol.:.'.p./rr.ilng.s..a!eks...ap.p.:fen,ht.ly.s.m..a.il:.r.b,yi..aiac.I.o.r..o.f#P:Lkut,2.than1'
,./•

guadrtrpole-pairing  interaction strength G2 and reaehes the g?,cperiTnental ''  ,

X:',g:,:I.:2."..ggOg.62M,2.k ,:". kh2 i:.ie.,Oi+Gz,:,2',gn.g g,ggh. ,rSa",".;,:h.e,,.. '"

the experimental one, but it decreases with the interaction strength G2and ,

reaches a ninimum value around G2 = O.O06MeV. For G2 values exceeding the •

ninimum point,i  the cross section tends to gradually increase. In the range '•
of excitation energies below 10MeV, we ctin find another 2+ state whicli ./.1' .'

.g .i"e ,S,,gi2e. :.O,l l:ri:.(:,'ll,Ci2SZ,Ze,gt.`O".,W,l":, \e. :'2.gr,e,aS,Z,g.f fi.z`..2;rlll)a,f,ter . .

about IMeV than the quadrupole--pairing state as seen in table 3. All cross ...

sections listed in table 3 are normalized to the ground-state cross section ' ..'

fof each nueleus. The (p,t) crQss section for the third 2+ sta.te in 144Nd

is larger than f gr the quadrupole-pairing state.. However, it decreases more

                                                               'rapidly with the increasing neutron number, resulting in relatively larger '

.C .r .OSi.S:;2t,O","..ai"e,S,s,fO,l.tihli,q.".a.diP.O..ie-.-P..ai'.ri":.j.t.ai:.2gh.iigh,,e.r".e.,"::;".,.a'

         'cross secti6ns for the quadrupole--pairing states is in good agreement with

the experimental results. For the 150Nd(p,t) 148Nd reaction, /



however, the difference between the nuclear deformations of the taTget
    '
and residual nuclei should be taken into account as pointed out in the

last subseetion 5.1.' Then the agreernent with the experimenE will be im-

proved much more. It should be noted, however, that these states inter-

preted by yagi et al.1) as being the quadrupole-pairing states are not '

          'always of pure quadrupole-pairing vibrational nature, although the cross .

sections are eomparable to or larger than the ground-state cross sectionsi

   . It is interesting to know about how large a collectivity these states

have for the two--neutron transfer reactions.• The ealculated speetroseopic

factors for the 2+ states and the sum-rule values are displayed in tabi.e 4

together with the results of (t,p) reactions. [lhe values of the spectro--

scopic  factors are given for G2 = O.O, O.O06 and e.907 MeV. T,t is seen •

that the quadrupole--pairing states have transition strengths of abou F '

30 t ry50Y. of the sum rule value and the sum of the transition strengths
for three 2+ s`L-ates reach'es [o abouc 80 rL'997 of t'he sum ruie value. ,,

,.i,.il.gx,re,g.dl:zi is.Ih.i.ga.icnct::,::.e::,gr,l:.gn.[a,i.lpij.' ! i"lli.g.ti-

9ions to .the first excited 2+ .states can not be fit with the distorted-

                          ttg#":,io::g,agpg.o::':gxig:.c:.gc ktl2",2.', li.t."l,2e,i:,;hl.g",i2. :j i.:;.if,k'i".

                                         tt         '
IiZ,f'..".,th,:.e.X.P,el.iM.gltai a"g"iar diStribet' 9."S' Pgweyer, this. ef.Fgc.t wgg.

     For nuclei with neutrons less than N = 82,, contrary to the ,ease with

N > 82, the first excited 2+ states have a collective character of the '

                  '
pairing-vibrational type and almost eXhaust L = 2 transition strength.

The calculati6ns done with the G2 = 2o.7A'5/3 Mev are shown in table s.

The agreement with the experimental values is quite good. However, when
                                                                    '
the calculations were done with G2 = O, the values are apparently smaller

by a faetor of about S than the experimental ones. This agreement was '

i9



obtained not only for the sume q cross sections associated with the ground

ge,giii/fftel,ioiii.,d:.il'i:':.I,i,.ilgeil.:10tl,Z,1,iil.,#.li,;.,ef:,Igi:•ldi::,"loll:l.1'l•[i'-•t).

g,o:g.gg::e.:;".;.:.iE).I.\• :.:e:;.reS• yg,"i:i.g•lrl.Yi.i:":l:P2.'.•.21.i :i #•g.jh":.,

the angular distributions from these states can be fit quite easily with

calculations in the distorted-wave Born-approximation. Compared with these

2+ state transitiong, the transitions to the first 2+ states of nuclei

                                                           'with N > 82 are much more inhibited and have angular distri Putions that
      '          tt ttare quite different as can be seen by comparing f4.ge4a with figs 4b and 5./'

,

                         ttttt tThe angular distributions for these weak transitions were shosiSn by Yagi et

gi.;llll,;o..:e,.::alz:":Z,i".(.:g::.g .trd Xgr./1 i2r.::.-.:.f,Ig.o ivi.:l..CLgP,lv,1,::.?hl:2{i

   '                                                                      '                                                                 tt                  tt ttgood agreement of tbe CCBA result with experiment is obtained by the de-- '

2.tll:c,g'a"i.i2ie.rl:ie,:.c:,2ei::e,2.i2.:,olg+-sie;+gioge,1,s.:::,\g-z::.p,:i:.gezs,

  '                                   '
::i'"i.io::r:tii.CFIi:'si:.ii:'g.ci2'.l.:':,tiX,i.:EeiS,1,;:':'l,:"ig,:ei`:Y2.i.1,[i.gtii:":rtlid2U,ii.i9

thermore enlarged by a factor of about 10 than in the case for N > 82.

Therefore, in this case it seems to us that the effect of the twe-step '
                                                                       '                  '                tt                                                               'process is less importan F in cornparison with the case for N > 82. This is
g.[:'il :n.,W):.i:,t::.e:.S: gO,i,N,i.,:i.I2Z-::;1",•i"..S.:,ai:.i :s,;lg;?ps are weii

ro
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5.3.' ENERGY DEPENDENCE OF CROSS SECITONS

      '                     tt • We should'iike to mention the incident energy dependence of the

g.r02,s.Sk:tlg".:.io,r,th.e2.1.zt,a.tg:'.,:,t,::pg,r`:e.n,i.of,Xh,e.,ipti.l,re,afgtong

p,r.:ti.on,s,.:...X".","c,i:i..fgr.i.'..8ig.,the,Y,.:":.n..Ot.geS,e.rVe.d.1".Y..S,ti.O",.g.t.:.[•

of the cross sections for the 2+ states on the incident proton energy. '

i'.".Od[,:'ili,;'#S
,i.:iiel.2g8:.:,iPiE';ti:s4X::i.zt:•iosi•iSl,•::e:til•g",gas[,:Iflis;;cg{'i:O:o.:l•igt.e1

::O.::.:eiO.\a",::-:i.:e,.P.,e.ak,.Yl.ti.:..:agl:::.?)a;:":,gr:,u.".:,3:Yeg,:'2.rhe,,,c.ross

calculated results are contrary to the experimental ones. According to

.thde.e.X.P-..e
iihMe,"ght.a.i:.".i:e,"yCi:;,{a3gi.r.O?gilSS..tai:.g.r.//gsz.t,io.:.:bu.?:,b,ye:b.s.erv-

explain why this discrepaney between the calculation and t.he experirnent .

;af:.I:alS,kt'//g•ipl:oggi.tg•ee2.;.i:.::.:...a•".;:P,.;.l"gig.l.gOg:iothi.i:e,:rg,.2di,!.:,:,:ICe'

but we did not for tritons.' lhe resonance-like behaviour is caused by .

enhancement of the overlapping integral in eq.(X2) of the distorted waves

and the form factor of transitions associated with the 2+ states. [the

!,O.rM,i:giO.,rZ,g.r-:.i:,9::-l2.[tg;,'la,,Th.e,#M,\,iil+"dgl.::t,2e..g.?::.i,ae:o.sgf.or

large peak in the outer region of nucleus. The Tnain eontribution to the '

overlapping integral of the distorted waves and the form factor comes from

the outer region than the nuclear radius.• These are reasons why the cross



g2-

sections associated with the quadrupole-pairing state and the third 2+

          'state become larger than the first 2+ state transition with increasing

quadrupole-pai 4ng interaetion strength and why tbe strong energy • .

ilP::":hdi:ih:::•:d:e21.rk'tial•:i.::Fi•IiStie::cig.1•:S;t.i.OXk's21"11:diU,:fib'IPglll,io:rgfZrtal:e

qua
grupole-pairing state and the third 2+ state transitions in the Nd-- ''•.

isotopes with N > 82.

  •1 t tt tt t tt
            '              '                   '                     '           '             '               ttt                          '67 , Qualitative discussions

' .. '
 rn the pre ce ding se cti ons we have sh own th at the enh an gf d (p ,t)

cross  seetions .for . the L = 2 transition in nuclei near the rnajor elosed ..
  '
neutron shell at N = 82 ean be und.erstood naturally within the "quadrupole

                               'p.lus quadrupole-pgiring vibrational model": The conventional calculations

of the quadrupole-type particel-hoie vibrations do not display the large
                                                     '                     tt                   '                                                                    tt
two-neuFron transfer cross sections. We feel that it is necessary to .,.

make clear a mechanism to generate the excited 2+ states which ean display

the enh an ce d (p ,t) cros s se cti on. . . . .. .. , , . . • . . ..

. .Zn fig.8 .is displayed a schernatic.representation of possible .,distri-

                                                            '                                '          '                      'butions of two-quasiparticle states coupled to 2+ in 146Nd. Thq 2+ states

                                                 tttshown in (a), (b),i and (c) are eomposed of leveas above the closed shell

    '                                                 '                tt ttt ttat N = 82, of leve,ls above and below the closed shell, and of ievels below

the closed shell, respectively. The lengths of the vertical bars give .
values of (Vjij2)2•,. Vj IVj2UjIUj2, and VjIVj2(Uj IVj2 + Uj2Vj 1), whieh are

faetors in the spectroscopie amplitudes related to the occupation of two-

quaslpartieel levels. Main contributions to the spgctroscopic amplitude ,

in eq.(19) come from the second , term VjlYj2thjlj2,n. The magni.tude iS '



especiany determined by val yes of the components YlandY2 in thj"2,n'

These are eornponents of two-particle and two-hole amplitudes generated

         '                           ttby the quadrupole-pairing interaction. In geneTal, values of Yl and

     tt              '                      'y2 are g'mall except for'the ones 'in ghe quarupole--pairing state and the

                                 '                                                                        'phird 2+ state. Furthermore, a eharacteristic feature of Yl and Y2 for.

                                                         ' '                                  'the quadrupole pairtng state and the third 2+ state is that these have

                 '                                                                 '              t ttopposite si.gns and gre approximately of tPe same mggnitude, and (Y2-Yl)

                                ttbecomes larger than the eoefficient of (UV+VU) term by a factor of about

i Th ,, ,,ar! g. ,., /,iili'ai,,xp.', ,, ,,i,,: a,"ia.n,,.iE{i,;,...,mp,,

                          tt                                        '                                      '        '     As is seen in fig.8, in. the range of (a) tbe contribution of two-

liaSthiZ.a.rti..C.let.Sibt.atteiS..,tO.e.q.'i[:l.i.St.Sdm,"ilh...rtthh.antih..a.tini.ib)t.a::g.(f)ranges•

                                                                 'qtiadrupoi6-p'hir'ing state becohes compieteiY coherenE and has a iarge

   '                             'transition h'mplitude compared with oth6r 2+ gtates. For the third 2+

                                               '                '
.st

[lie.,'.llhef..c.onlhrzAb,'tii.IIoil.)of..tll:-g.u.aiililpliti.'.cletllll:.tefs..z.'?[lll,sllll.ul.d.b.e,.stib"''

                                       '                               'sectton of ghe tihird 2+ state is smaller than of the quadrupoZe-pairing

                                                      'state. For 146Nd(p,t)144Nd reaction, however, the cross section of the

                                              'third 2+ state becomes larger tihan that of the quadrupole--pairing state '

..

because (y2Ty.1)2I; is.greater than (Y2"'Yl)2Ilp'.'''

  '

nk

(2?>
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     For the first 2+ states of nuelei for N > 82, the situation is mor6

''compiicated since th6 three terms in tpjij2, and aiso the .terM UjiUj2Åëjlj2

in eq.(19) contribute equally to the spectroscopic.factor. Con`L"L'ibutions

                                                'of all two-quasiparticle states in (a), (b) and (c) are in the random ..

      'phase and'therefore the first 2+  state transition can not be gglleCtiYe.r

   ' Empirically, the large value of (y2-yl) appears only in energy below

the lowest two-quasiparticle states in (b) and (c). There is an energy gap

between the lowest levels in (a) and (b). For nuclei with less neutrons ''

tl
lan N = 8'2, howevet, this energy .gap'vanishes..For the first 2+ state,

t"en, .the terM .(Y2-'Y.1)YjlVj2 in tpjlj2 Pecorpes larggr than otheti,terms and

the transition strength becomes rather large. This situation for an en•-
  '                          '                                                                      '                             tthancement oÅí the transition amplitude has a strong resemblafice to that for

the  quadfupole-pairmg state and 'the third 2+ state in nuclef for N > 82.

           tt tt7. coh' clusions

 .•. . The foliowing conclusion may be drawn from the results of our caleu- .

                                        'lations on tr }e (.?,t) reaction cross sections: The strong L s 2 transitigns

                              ttin (p,t) reactions on Nd- and Ba-isotopes can be explained by the vibra-

tlonal.model described by a simple. igteTac4on composgd ef a quadrupole/,

.,

gorce and a quadrupole-pairing forcg in the framew, oFk og the ran"oip phase '

approximation. If the quadrupole-pairing force were not taken into ac-.
                                                                    '     '                         ' '
count, one can .not reproduce the observed strong L = 2 transitions in the

;:;il..!eig.tiO."Z;.• :h,g.ltYe"ft:;,:X-gh(g .qg,gd:xp,o:; ioEe,f,xeg(gh;:;,g". adi,":gge-

                                      'values give a good agreement of the exeited energies of the first and the

quadrupole-pairing 2+ states and also of the large L = 2 transition '

strengths in the (p,t) reactions with the experimental data. This value
                                                             '                                                           '                                                     '      'for the quadrupole--pairing interaction strength is a little smaller than the



>8

                                                              '                                                                   '                          t ttt                                          tt                 '                                         'value 34.oA""5/3.Mev determined by analysing the cross sections of the two-

                                                           '                  'neutron transfer reactions to the first 2+ state in 140Nd6).and is larger

                                 '2Y.6g,fg.C[:i•.:.f .?•,th,:". Ilh[i:-X.ai:l.i7:2Ig,'g.M:I.1:l.:.f::i::d,L'g g."a;y.2.;:..g,the

vibrational states on uranium isotopes22)*.. it shouid be noted, however,

that the value of the intgraetion strength depends on the number of single-

particle leve!$ taken in the calculations, ..

.g'
..[Ii.le,ilbS,e(iV,:d.S.,tll[l"i.ii'Il',i..i,'a",S.i..tll.!i.,.dO,::li.h..a"e.",,S..t[O:iigO,i.i,e.Clll'IV,it l,

:..g:."" .:Egt:i .i:e.,qlg,dr:gO],e;.Pg,'ri':g S, 'A!:s.,2ag:,::ly. ti#":X':n, ;.tie".gt"s

                                                                         '                                                                        'ti S s2' , our theory p.redicts gn exist6nce of one more strong transition to

a 2+ state that lies higher in energy by about 1 MeV than theN quadrupole-
                                                        '
iu:1/ii'lkg:gi'iS.iiaj"ei:'ie,1.:':iiri,/Ih:e:['i.ll:'lla:O:::S:.tl/i",:a:'::";[,Z'i',iil:g':i'lg,i'1;':11•:idii:1

pairing and the third 2+ states have a strong dependenee on the incident

proton energy and show a broad resonance-like peak with a maximum value

around 30 MeV. .' This is due to the change in an overlap integral of the

                                   '                                        '9istoixe:.x:".:.s,gn.d,tee,io,r:: ga,:zr,,g# i2: i[in"Cg:,e"ti .::2:g,Y.;ai,i2Sz,,,, .

transition to the first 2+ state resembles that for the quadrupole--pairing

and third 2+ states in nuclei N > 82. 0ther strong L = 2 transitions in

                         '    tt  t tt tt tt                                '
"). .Th.::'[.ge['8"g'il'g"2,oi.ih, .:t,rezg,t?,z..f,glhlz•g•:a:;".;oleg::i?::g..lo:ine2 ,a:e

   (B6s et al,),= -lll/lliTr-' (!llli\O)2G2 (ours)e



.2d

tthaetigll'etn)eiegyaCbtei:2il :no li2:ie nUCiei are not seen in the range of the excz"

' Th.e fnvrmalism to describe the 2+ states developed in thi-q paper can

                                                            /t
not be applied to the closed shell nuclei since these are in the normal

i':'g.i:.[:'ei:c:i,g:.ilzh;h:igP.:':,:•lr:l:,:S.;,gg:a}:":g.e:i.gW.:",;"I:O."2.i2m.:".:1.:ga,gd.ed..

.6..t'iX,igsW:i,i,Xg91I"X,a.X l: t,2,i i,aS.e.;[,:".i,Y,.:"g.dg;:,ol.,:,f:,r.ce;,;:: ;.tren }th

state increase$ as the closed shell is approached. .If an appropriate '
value of G2C = G2A5/3 is used, however, one can well reproduce variations

i::l:ti:,ii'iiS.[aini";.;e:ai/li,I.o;:gX,.he:s.ps,Eitil.\ici•alin:lh:.[:.:•::Iiil:•IEC:Mgi,:i(it[:•:.er..

aerfefef cOtlilvde tcOhabregeMeegf9ELd oa.gsree.ernent With the experimentai data by taking the
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Table 5,

                     Table Captions

`Single particle energies (MeV>.

 opticai potentiai pararaeter3i7) for proten and 'triton,

         ' The (p,t) and <t,p) cross sections relative to the ground state
 trangiLion fior thg';2+ statas QÅí Nd isotopds. rrhe cross siection cr

 represent$ the 6um of the differential cross sectiens taken for

 5" intervals in the range of 50 td 40" ., The 21tp and 2'3e states'are.

                                                                 '
 defined in the text and their excitation energies EiE are given ,

 in units of MeV. Irhe results Eor case I-and ZX w'e' re 'ibtained by

                                                              '                                             , 1. ., using the 6ets Z and ZZ of the 6ingle-particle'levels• li6ted in

 table i. 'The strengths of the quadrupole-pairing interaction "

      'were taken as followg,.: G2,e 30.7A"'S/3 MeV for case X',and G2 n

 26,oA"'5/3 Mev for case ri. ' '
tt

 Sura rule values for (p,t> and (t,p) ren"ctinvn strengths." rh,Le stm'

                            ' rule value S is given by the sum of the spectroscopic fa6tor over

                            '                                .tv' arious 2+ stste of residual nucleus. The spectrpscopic factors

                                     'Sn for the first 2+ state, the quadrupole pairing state and the,

 third 2+ state were ealeulated for G2 m O,O, O.O06 artd O.O07 MeV

by using the single-particle levels for ease ZZ,

The (p,t) cross sections Åíor Ba isotopes, The cross seetion u

represents the sum of the differential eross sections taken for

se' steps in the range of sb,to 4oe.. zrhe calculations were paade

wieh the pairing interaction strengths'  GPo n, 22.Ioali Mev, Ge n .'

17.oA-Z Mev and G2 i'  2oe7A'513 Mev by using the singie-particie

 levels for case ZZ.1

)9
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Fig.

'Ng.

Fig.

Fig,

Fig.

1,

2.

3.

4,

s,

6,

7.

Fig, 8,

                  Figure Captiens

The (p,t) crosg sections of the ground-state transitSon ag a

function of neutron number. . ,
                                                             '
Angular distrtbutions of the (p,t) reactions leading to the ground
                       '
state and DWBA Eits.

The 6urnmed (p,t) cross seetion3 relative to the ground-state

transition cross 'section for 2+ states of i46Nd piotted as a

function ef G2. The interaction strength G2 m P.O064 MeV can

reprodisce the experimental data Åíor the quadrupoie pairing state

   146oE      Nd.

Angular dtstributions of the (p,t) reactlons leading to the 2+

                        '
gtateB of Nd tsotopes and DWBA fittings.

Angular di6tributions of the (p,t) reactions leading to the first

2+ states of Ba isotope6 and PWBA fittings. The seXid Une dp.n-of.eg

the calculated values with the quadrupole plus the quadrupole

giaithrinongSOiheeeSq:l[a}dd,r :gXaSfhoerdceltn9 denOtgs the resuits caic,uiaeed

                                                         '            '                                                        '
Zneident-proton energy dependence oE the summed cross Beetions

for the ground-etate and the 2+ ' state transitions. ' ..
                                                       'Form factors of the (,p,t) reactions leading to the 2+ states, The

solid lines denote the resulte calculated with the quadrupole plus

the quadrupole pairing forces and the dashed Unes denote the

results calculated with only the quadrupole force.

Schematic representation of possible distributions of two- ',

qua6iparticle states eeupled to 2+ in 146Nd. T"e 2+ states shown,

in (a), (b), and (c)' are composed eE levels above the closed shell

                                                              'ac N "", 82, oE levels abeve and beZow the closed 6hell, and of

jc
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levels below'the

vertical bar give

      <u v. +vvv ji    j2        jl J2
amp"tude related

closed

 values

j 2Vj i) '

.to the

shell, respectively. The lengths of the

            2 ef (Vj alVj 2) , Vj xVj 2Uj lVj 2, and

 whieh are factors in the spectroscopic

 oecupation of two-bquasiparcicle le"els,
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Neutron Proton

.

N2j CASE: CASEu N2j E6P•
5Pl12 •-• 2.'761 -2 .761 5hli/2 -1 .173

5f,512 -3.129 -3 e129 4d3/2' -- o e117
'

SP3/2 r4.X69 -4 .169 Gsll2 o ;o

6i13/2 -• 2.018' -2 .O18 4g7/2 -2 .347
,

5h9Z2 -3.113' -3 .i13 4d512 '- 2 e15L

5f7/2 •- 4.991 -4 .991 4gg/2 -s- .867

5h1112 -9.3631 -8 .182' 3Pl/2 -6 .672

4d3/2 -8.659 -7 .478 3gs/2 -7 .900

<s1/2 nfiA",-oeYL) -7. 744 3P312 -7
.. il.705

4g712

4ds22
 '

 --9.919

••10,93S

-8.737

tt-9.754

Table 1.



vahev) rR

(F)

a'
4-(}i')

W,(Mev}

Probon

1ziton

45.1

170.1

1.21

1.15

O.593

O.74

o.o.

ig.e

i)Qi}

a!lev)

   '
22.81

'

 o.o-

rl

(F)

1.2i

1.52.

a:

aFi)
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O.76

 rc

(F)

1.2S

.1.40

Table 2.
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Fixva1
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2: sumRule
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dCtljS-'

iY"Pi.E",.:,.::l.i.'ed ""derSta"dZ"g of the (p•t) Reaction on Nd ...,.,..

 '' . In the preceding chapter we discussed how the quadrupoleev-pairing

states were reprodueed by taking into aecount the quadrupoie-pairing .•

foree.1) The (p,t) intensities of the 2+ states relative te that of the

glil::,:gli,:.yege.,wiiz i#zr.:glc:s.l:..g:r,:.z.o;.I2•:.:'gsgirl:1-'\l;:,Bi ?r

                                              t tt ttstates could nQt be reproduced. As disd{issed in the previous chapter,

  '                                      'gtr ::g.gal.dlz:l'z."g12",i,flli.gh.:,giai.Ir:.:sigh'gs.\.ei,e.s::w.n,,2y,-lggi

       'iE//.g.ii/-i'iii/!/l"i,iPii,tii/A's//l'ii!,iailriila'Iiell":,i,i:iii,tl'1.g.ii;y,iiiil:"!g,i.I'i,ii.Iiiz.;?i/,,

                                        '               'the nuclear-structure calculation, in the previous ehapter2the parameers

of the interaction strengths were decided so as to reproduce the (p,t) .

       •• •• ' 1strength leading to the quadrupole pair`ing state. In this chapter these '

                                  ttt tparaneters . are decided so as to reproduce t be over all trend of the ...
excitation energies of the first 2+ states oÅí the Nd isotopes. These parameters

ge,GiiSeS.2Y..gh:.gii,f:r:;l,llie;h,:.d:,::: .ai,m2:g ;.ame,t.,!:e.;x:,iga,tlo:.g:g,rgg'es,... .•.,/

were ealculated and shown in the rtext sedtion. '
                                                                              '                            '                               t-                                           '

   '               '             '2, Calculations
                                                                  '     The details about the two-step process-calculation wili be discussed



in  chapteF 6... I[n this cha 2ter only the calculated results for the (p,t)

reactions.'ileading to the 2 states of the Nd isotopes are shown. .

 ,'' The parameter sets of G2C and V2C are shown in fig. 1, which are ' '

                                                          '               '                                        '         '.;."k::.:g.?s Xg .r::rg.dug.e.Xh:,el:.gr. i:?"I#i.;e.X;, it:tlgi.2"2.iiie:,2. [,t:fi.firSF

                  ttt tt                                          ' 'parameter sets concentrate. Thus, we can obtain the values G2C and V2C

which reproduce the exeitation energies of the first 2+ states of the

                                tt      '                                                  '              'spherically stable nuclei. The values are G2C "--- 24.75MeV and, V2C = 33.18MeV..

These values are comparable with ones which were used in the previous

                        'chgpter. .The 'exeitation energieS and the B(E2) values of the first 2+

        '                               '                               '                                          '                        'states are showri in fig. 2, using these values. In order to' 6ompare the

casg. of Q--Q force only, we also show the results using V2C -- 34.76MeV, '

                          '                    tttgl-iCh4sNadrr taken SO aS tO fit the exc-tatxon energy of the first 2+state

..
. . The excitation energies and the B(E2) values for the case of P2-P2

                                                        '       tt                 '                                             '                   'plus Q-Q forces are fairly well reproduced, and at N = 92 the first 2+

                                                                       '                          'state doeS not have a positive energy. This situation will be discussed

in chapter 4... The eross sections of the (p,t) reactions are calculated ,.'

in  terms of the distorted-wave Born--approximation. The calcu$a Fed-aridt••'•.

the  expgrimental Fesu!ts are..listgd in table..li All,,etxht,e...g.axrLR)MetetS..

:hXCa;iteriOr the StrengthS Of the fOrces are the same as the ?rev-ous

 ' For the angular distribution patt,erns of the first 2+ state we

   '              tt                    '                                'calcuiated the cross sections of the first 2+ states in terms of the

                                                                     '              '                                                      '                              'two-step process-calculation. As will be discussed in chapter 6, the
                              '                      ttcross section oE the second order process is too large' compared to the

                          'experimantal one, if the macrbscopec form factor is used and the deformation

         '                           ttparameter B,which is equal' to the experimental value taken from the

nyg



B(E2) value, is used. Then we take the effective B value as Beff = ctBexp

( ct 51) and asume u is aparameter. vthen ct = t.1 is used, the angular •

                                                       '           'distribution pattern of the first 2+ state becomes better than that of

  tt                        'the distorted-wave Born-approximation calculation, which is shown in

fig. 3.' The relative ratios of the (p,t) intensities for the first 2+

                        tt                                'states to the ground states are also listed in .table i. The agreement
                        '                                  '                                    '                     '              'with experiment is better tban in the case of the. distorted--wave Born-

apptoximationi For othesc .21` -states the second-order pr6cgss does not

XOengiligbibUtx;'sRealCIY.Se the CrOSS SeetiOn of the inelastic scattering is

 / .The calculated and experimental angular distributions of the (p,t)
               '     'I,egc[.`zz.:.e#d,]'"g,tg.gh,e,it[lg.zl :t.gt::.#irlr. s2o,w2.1",[iig.x',,:: [,`g' 4

                                                   '       '   '                                       'direct process arnplitude and the second-order processes amplitudes

Zl.i:.r.l,er.,e,.d.eS;i:,C.tll"iel.Ig,iIh.,#.adC?.Oi::rdg::,l:e,",I.;e..gZ:.:.rm.a.i,a:figia.r-.

                                                                '                               'two-step process and the relation Petween the randoT;t-phase approximation .

apd the Har'tt'6'e-Fock-Bogoliu6oV eguation w"1 be discussed in the fottowing

chaPters.

,F7
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                          Table Caption

                       '
          '                                 ,/.                 '
'abie  i• ' :22,: x:tgt,i::.e:2rgi:2.'.Bgi2i,Xl.i.":Zs6gY'tl,g"g.g.tgPl.[I:•::6 .

I:Pi:.Sel::,gh:,Sg.M,gf,,l.h,e.:i,f:ge:::.:l,c:gs:,ge:I:g:s.g2i:.g.fg; :C,intervais

ground state,. Effective charge is used as eeff = O.7e for the B(E2) values.

All the cross sections are calcqiatgd in terms of the dlstorted-wave Born- .

i:PIgX.:mlaglo2A. :.h:-gr,:;s,ie.:[]o.21.l:i,g::..il'sg,;1,:tgie,#.re,l.l:: iei.lyiated

gllSAteZnei'i the TSP"CrOSS SeCtiOn and the number in the parenthes-s is the
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Fig. 1`

     '   '

Fig. 2.

   '     '    ' '

  '   '
 '      '
    tt      '

  '

Fig 3

      '   '
 '

Fig. 4.

                   . Figure Captions

                                         '                                     '                              '
'I.P.aer.a:itser.ietthS.Off..S,2Cta:S gi.:.g?iCh reproduce the exc-tation .

.Experimental and theoretical excitation energies and B(E2) values.

 Dots with bar are the experimental values..'The soiid lines ..

ge,"g!g.Z/f.:,e:-ill:iS.g.2d::],:i?#e,S,A.,.:2i.:g,i:e.k".X:r,:c.t:g2.composed.

I'"',.,:'i,li.:.ii'ii,Iii,iu:./L•/ili'i"s/il2,/[1/.i;l•l:/li/)gli•i:•gi/7!•t:hld:ailihi.i:/:iiix::Eset•

 the result obtained by nixing suitably these three processes.



st

Nucl. J'if E
x

 Experiment

, BE2 G(p,t) U(t ,p) E
       x

Theory"

BE2

  -t.

g<p,t) G (t ,p)

      o+
        '144Nd ?lt '

      2Ep

      2g

      o4

146Nd 2+
       1'
      2+
       qp
      2+
       3

      o+

z48Nd. 2I:

      2tP

      2g

o.o

O.695

3.48

4.3

o.o

O.453

3.74

4.4

o.o

O.300

3.83

4.5

 - 100
4.0Ll.5 7

 •- 92
 .. 29

 - 100
8.5Å}2.5 13

 - 73
 .. 47

 - 100
13.0rk5.0 29

 - 198
 - 78

100

118

100

 4S

 -

 -

100

 46

o.o

O,750

3.38

4.03

o,o

O.456

3.78

4e75

o.o

O.268

4.08

5.35

4.15

O.I6

O.04

 "
6.79

 O.16

O.Ol

 ,--

11.83

 O.11

 o.o•

100

7 (5)

 84

 40

100

10(1)

 S4

 32

100

22(1)

 46

 l6

100

 93

  4

  o

100

 57

  3

  o

100

 43

  1

  o

Table tl



40

""N '''
of 1. •l'

-?l

vv  'tt
tt tt t

 L

 tt-  't/t
 tt t t. t

it /ii'

t/

  ,:'i lt"' tt +

 -tt t t t

/1 tt

 -t
 4.  ' 'tt

 tt- .

 Jr.

30
o

' .-...-- 144Nd

  --. - t
10

GS
20

'i'

 '' .'
Fiai.tl-

30



x
iD"3e2ovt4N

      ,
2o

to

ANdL.,or esg

 -•• • 1. •i •i•ll tl

    t//       l l', t

  't//t-
'

   t
 tltt

 tt 1

t

  'ti
t

  '
,, III•,, i, 1 •:

 1• •
'

tN '"

:•

   B<E2>

,i t    '/ /t

    ', l• ,. ,l,
i'''

aj •'ExP

  ,QQ*PaP?

           .t .,h ,             'li•III,',.itri':t/ttit'`g•/,LJ,ll,l,ll,llli'i),•,N't/,l/.,;;;::N,,,}.,,"`i''fr''i:i','ii,''1ill'li'•ii/i/i'i,iili'i'+'ll

    ;,>.,,: .,,, , , ll•''• • XN, : i:':
                  -e . ,
            '

  ,--b--- Q(Sll oMl2>t

'l ' , /{  / I' ,s '

    -t.t- t  -t

8" 86 gs,
F"a. EZi

ao 92 tN,r":



"""'s
•h•CS'

•Sb

•i<

ts{l}c<rsct

io

i

i4•l?Nd (p, ,k, >i•Ci-6ma

       ,`N      li'
      /1t  vs - S l•1, S

.,

 qi} N
•:[

,"

j tl, te} ` t]f •••

   E•l ti /- i
, ./' tll 's 1'

,•

 •1•lilliilll i•S• `i',llll• .1,,,•l. 1• .

'1'iF'''

 ''' l"

    '1' 'li'

          2S

;.,,,,, E? ==S2Merv"

1tl.,. .'1i'iiil,i)'/.,.. tl' E'`ft'

1.llLllS •".-.za..,Tsp•

,l •f, .
i'illl'i lilli'ii.Il'"]"pl.i["i.•.iil•ii,,i,,,i

•Ii N• ' '' •,

          Ni"i:t.<'

            ,,,N
            t t/ /t             '            /tt

          so
     tt t/t    ec,eq''

  =s-e

 ."
 '/ I[ ,' li -

1:''i'iiil"lif i

   !'  ll
   •il
 1'• ,, i5[•,, •,

- i,  :[ ,;

' -1'i,;' 1, ,F

 , ,4i : ,. I,,
  'i'iH' • i. ,
•,N 'i' rl
   ••i
   ll

   l•
   1   '   '  6o



g.

-Is}s3cl

IO

        ww
i`

157Nd ( p , *- ) t4{itd

ll , 1

 t' ''
1'

 i. 2t..- rc-. ,(--zut ''

••.• iii•

2t'

2S.i

..t
,o" '

NxNiiV!T'>`'"rk/""'r,••,,

1

i
tt

"
+

l

'i''

1
il

t'

ii'

'i'

iil•

''i '

/ tt /
 t/

'i

:
l.

s

g

;

20 jO sc
     ec,be,

     4

  ksbc>

 tt1 t2s4'

6o



ss

                                     tt                                                   '   'CHA?TER 4 lli.f:l'ltk.:ifel2 - P2 Force on 2i+ Stgtg.s in the Mgadipm .ahd

  t t/ tt t t

                  '   '         tt              '     '
i'  i ggri:iCliO:tates in heavy sphericai nuciei, espeeiaiiy first 2+ stateS'

have been discussed in the ranqom-phase appromimation (RPA) by using a

:ge2i.e,62,t:.i.::ti:.,i::.:zs.;d,;ig.:g:g::i:gegig:gg.fg;,c:.:::,g.2"sd::gole

enhaneement of B(E2) value for the transition between the first 2+ state '

'!'i.ili':aiii.iicl,Rv.1/ii.,fi.3,"gil.iil.:::/ig.i.l:,l/Sai:,:i/fi.l/llzl/,.riLlleiill/liiig!}g;lii•:/:'il:;d:'.rlhe

neutron) which is near the magic number can not contribute to the first '' '

.iai:i:'/kxt:e::i':C:',E"i.2.:,:i{.,t:/iiE'I,11i/9::,r.il.,1,lil.ile,:.ie::,i,il,iin,,i:,;.,,:!,gil.i,:,iil+S.'i

i;.r::,.ig2[,:•;l.:gs. pli"x:g z:g.bl..::.i:',g",d,:::oi.i :#d.,,.g,i:i.:22eS.l:.t:i,

G2C -- G2A5 ('3, the strength constant of P2- P2 force, is used, we can well

reproduce t'he variation of the excitation energy of the first 2+ state

with the atomic number A by using a eonstant value of the strength V2C.

   '1' As done in the previous chapter, we..can obtain the strengths of

these forces from nuclei which have spherical shapes and discuss the sta-

bility condition of spherical phase in tertns of the spherieal phase in ,



s7

                                                                        '        ' 'terms of the random-phase approximati6n.4) Thus, the purpose of the presgnt

ehapter is to show how weil the exciation energy and B(E2) value of the '

first 2+ state can be reproduced in terms of the random-phase approximhtion

     using aninteraction composed of the quadrupole-pairing force and the ..
                                      '     '                                                                      'quadrupole force and then where the instab l,lity of spherical phase happens..

The cglculation is dspecially gocussed on the nuciei with the neutron .

number between 50 and 82: Cd, Te, Xe, Ba and Ce isotopes..rdhgre can'be

seen a rotational-like band in the nuclei'below N = 70 of Xe, Ba and Ce

                  tttisotopes, Put it is not well .studied. The energy ratio of the first 4+

:F.lle,i.O,i:ixti','s'iE,t.il.,'i[,i,i:.,ig,gi.:,2:,ia,i,i:•:,3ili;2u:i,l i.,1. #i:ir,i:a:.i[:'.."

Fock Bogoliubov theory and the equation of the random-phase approximation

are discussed. Tn sect.3 the numerieal results . are shown and compari pon .. ,
                                                                        ':ll:e:i.PeriMental reSUItS are done. In sect.4 farther posibilitzes are dis-

?., ..Stability  Condition  of  HFB.Theory . .

'' '. In order to study nuclear structure we often have to use any rnodel .

                                                 '           'g:gi:,sx:it,s,[r:,m, ",.l:dg,pe!:e."fi.:a,igis,i:.:o:gEs,,ix.c:- :::g:?:i:i.:?rtx.lg,

 tt

actual convenience, however, we first assume independent particle states and

calcu!ate any excited state. We must investigate whether sueh independent

partiele states are stable or not. such procedure is to investigate the

stability eondition of the Hartree-Fock Bogottubov theory.4) l6)

                                                            '                                                              '                                                                      '                                                                           '   '     On the other hand, it is well known that the stability condition of the
                                                           '    'Hartree-Fock Bogoliubov theory has the eontaet relation with the equation of



                                                                            S8

                tt tt tt ttt           '
the random-phase approximation, This was pointed out by 'L"houuess.4) . '

Following his prescription the point where the instability of the HFB-single .

:#.rtl:ge,.:IS,t:g.j::i.gll,:::i...COi:gi!:I.WIX2.!;e. P%:,t,w::r2.:h:.g.oi:xion of '1

i;jig:ur,I.:O.'"i,gf,g::.:h:::.:Y,,::.g."i2: g:mme :q.::glo:.oX,i:x,:,#?dom-phase .

tgr'.:xi"2:i:'g,l•ell'.eg•X.Z')d:nli:.i:.g.t?PoiasgE,ii.:•l:ki:::li2•:1ii,:b:i;:ulrbiillii.111;.iil"Ce

l'i'::dl't.hi{]a;iil•lbii•:-i•i.2;.li:'1'iE•gpSli:'ILIiii.i'lill.lllllllliap.p,e),Wn.si;,iEgi•iii"!:•:!eilsi'I'ili:•:i•111i'11iil,'"'

we'' dan not know the validity of the solutions of the models.

3 CaTnie :ll:tpiOr::ious chapter we discussed the case'of Nd is6topes' The fit

to the experimental excitation energies of the spherical nuclei is very

zg::a:'1',::'g:ot:,:•T:.::•liAt:i:.il'lil•:t,lg,C:•I•ip.itg;NgieZ,i?IE.,i2iM.:.g[.X2e.g",g2rn-

:.:i,gii:Z'r:'ig;:i;:!iiiigi;'ia::'loidlilrZ.Q•i"gl;Ei!ill::iti'g.i'ipi;'1/:i:r//go::'Z":lk!i:pt

and 82 closed shells for protons and neutrons were taken. Single particle

energies were listed in table 1. The strengths of the monopoZe--pairing ' . •

ferce were set equal to Go F 23A"IMev for protons and Go = lsA-IMev for
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neutrons. These values reproduce fairly well the experimental value of the

          '      'gap energies.

. '  The ealculated and the experimental excitation energies are plotted

against the neutron number in fig.1, using GS = 26.0MeV and VS = 29. 3lleV.

In order to compare the results with ones of the case of Q--Q force only,

wg also show Fhem using VS = 30.6MeV, whigh.was taken so.as to reproduce',..

                                                                   ttthe excitation energy of P09.d. As can be seen in fig.1 tbg agreement pifith

i::seill.l-Qill:'il.rci:it::.ili'i,iii:i:a.:'i:ig:)8Xi,oi::Cli2.;ti.I.1:,::r;:Zl.:f.i:.i2''

                                  '
is 54, 56 and 58 respectively, and neutron number is less th,an 80e.In t.he

calculations, all the single-particle levels lying between Z = 28 and 82 '

closed shells for protons and between N == SO and 126 closed shells for './.

::";.r::.s.:eg:.tak,e,"",i.i,mgi.e.pggx::t: e.ge:.gl:s,\e:: :k.:.: ,f:;:.f?e,:Zrk •/''.

i.tie;i.i:,g;:.i:.X2:g:Oi::i:•l:•iei.ivl:,ioiO,nri:.g:ii.1:/ei..ellll,iO.:O,.1:.'i"I.lli:.X-

eq. so as to reproduce the. experiment.al excitation energies of t"e first 2+ .

states. As can be seen in 6ig.2s- there ts a point into which the parameter

sets consenttate.• Thus, we can obtain the "alues G2C and V2C'which reproduce

::21:liit.atiOn energleS Of the.Fr.st 2t staFes of .Fhe sphencal stabl.e /

                    '  . The excitation energies of the first 2+ states are shown Å}n fig.3 and

listed in table 2., using GS = 28.0MeV and V2C = 31.8MeV. This value of G8 •.

is comparable with G2C . = 26.0MeV, whieh has been decided from the (p,t)'  .''

reaction on Nd isotopes. Zn order to compare the ease of.Q-Q force only,



                                                                       '                                                                '
W.e.l:ISgfS .ll93:I.xg?eMTh".Si:il.i2C,.Ii.3.4'gll:V.gill:ifeh..W:il.gillZ"..f;o:2!hpe2epxpl.e.ri::2gtal

       ' forces are fairly well reprodnced, and the pha$e transition happens at '
                                               '                                                                     tt                            '                 '                tt                                                            ',N = 68 for Xe, N = 72 for Ba and N = 72 for Ce isotopes..'  This .resu.1tis.is

Xei:.i:Xteref.Sgth" A i:::.:gil.t a.i.ll:lil th9 Phase.transi rion. hgppgns is /.. ...//

 '. •9rom the G-matrix theory, which starts from the two-body interaction

between nucleons, it is indicated that the strength of Q-Q force between ..

.unlike nucleons V2(NP) must be l .a .rger th gn one betweep. . Iike nucleons V2(NN)

o.r v2(pp). 8) . However, the situationsi are not significantly cbanged, b"en

if we t5ke ihFo account the difference between the strengEhs of Q-Q foree;

          'V2 (NP) k Y,.2 (PP) u V2 (NN). i

 , In our calculation, B(E2) values for the tranFition between the first
                                   '                                                                        tt                         '2+ states and the ground states are found to Pe in good agreement"ith the

                                         '                      '    '      ttt tt             tt
yexpez' imental v'alues b'y t'ak' .ing th'e ef'ttective ch'argg eeff = O.8e.-. The

results are shown in table 2 with the experimental values and the results

of Q-Q force only

4r Conclusions . ./ .. . . .. .. . .. .. .
... •' . In this chapter the first 2+ states in the medium-heavy nuclei have

been studied in terms of the random-phase approximation with using the '
               '         'quadfupole--pairthg force and the quadrupole force. The first 2t ,states .

are reproduced much better with P2-- P2 plus Q--Q forces than with Q-Q force
    '                                         'only. By using Q-Q foree only, the phase transition happens rapidly., and

this is contrary to the experimental facts. The quadrupole-pairing force

may prevent a nucleus from having a deformed shape. Thus, 2+ states in

                                       'heavy spherical nuclei are well described in terms of the random-phase

dD



tS l

approximation with using the quadrupole-pairing force and the quadrupole

force.
   '                       tt           tt                            '                                                                    '             '                                                  '                                          '                                                                '  '
6..6.l,i,lli.V:iY,i "].rtl:g,gZ,U::,t2,e./1;ili"::'!elp.:1:l:g,,g:r.e:,::r, :'::

::::iuapro2gfipCtaiOrSi:OgPioarnc:.'theShaP-e of nuciei9 /f). it is need to Use the
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:.,riitii"ii.l.:'ik.ii'-g.ii,iiN",fel'"t;llll,i,O:,,,w.t}..h,..,'iyYmm"tr,ilti

where C+or and Cct are the ereation and annihilatzon operators of a nucleon

iCilMliCtl'/ylll[./illi-:---i'i/ii//ill;i.///i,.Iylli,:,i!mltl,111.il]/Åé.[g:iigi.aiii:fiehstatfi'i"2i}i////:,

iil'ie g:"tX,lll,,gT•ei/T.iiZht;ioill ,1)s., :;r,,r,a set f fe-on p rators ..,..,.

        /1.Z//i)XII722C,r,O,gi-•-)O-.--'.f,; ,iF>

                              s         {.F (A2 BRA )"+ Bx"' 'F!4-l > . o,

`:l)""



and the inverse relations

                              '

        e, ,..- ?l,z ("!4,2Sa) •+ B,,A""e"{i-" ). (,p.x

                             '
     '

The new vacuum state IO> is defined by

      '
       '
  '                                        '         aAiD> '0' (6?
                                        '
We can obtain the Hartree-Fock-Bogoliubov equation from the requirement

that the expectation value of the auxÅ}liary Hamiltonian H in the new

vacuum stqte Tnust have a minimum value. Then A and B satisÅíy the

                         'following equations .
                                            "1         (&-A)14dX+:i; rav14tr" + l} 4ptA BEAre 'Fi,Ad"i (,r)

       '                                            t1                   ; -- t"-b• Ve -L A' -tv .")6 AA .f.rr. pA'
       g-- (Sd ---P{) B.," -- 21f V"if t3) - `fs. "dA ri] F ,.'A vdi .

                                                    '                                          '                          '
The quantities r and A are defined by

         iNacE tr -ttAe4 "' 2{ii;x Vb(ir6 or8 )(ors ,

         r,tr=•rvr=4fZ. VdErE 9ps. - ,(s?
                                                                   '                                                       '                                                               '          )'(vg '=' - Xsx '--- <CsCt > = li!!4SJiB"> ')' ,

           Sps =' S'se'" -""- <ce"Cs> == l.:BA)of"",

where the symboi < ... > denotes ground state expectation value. We see

that rcty is the potential energy arising from the density 6 of the
particieg and i)gte)Zfamiliar Hartree-Fock self•-consistent potential. .On

                                                         .the other hand, AorB is the pairing potential arising from the pairing

R



gg

denSi iierce;pfetchteatioanrtC:iieu2'of the Hamiitonian is given by

' Lv' = <l-lal> := • ;(Q"jA)Åía -t- iil-;, rdrSlm" "'h r{7 ""A•kTE]`t. (9)

nASumiU)llaolf' ihaertiChc:MesiÅëai POtentiai X is determined by fixing the average

     tifi ,,,. < :ili c,,"NhC,t > == IZ S), bl. ' ' <l O)

  '                                                            '

mf,.,:h )ikfirm O i eCL(--fLlill,;":ggliSt:,i, l.l"hpt:l .;d":tior of the Hermitian . (,,,

                                                                     '
The expectation value of H must be stationary against small change in J) '

? drmK.'.:T,h.,,e,g;--..arilll,l"i[I"l. Oji,W,Wi,`,t r reSPeCt te J' a"dK ca" be written in ,,,.,

ieor:; Tr means the trace and 6K is the variation of the matnx K with the

       l'<= ,9.,.e ', ,":-'`gx <tg>



ts

                                                                     '                      -The matrix K must fQ.liow the supplementary condition which deduces from '

the  orth K.g,,o r lit K, Eeiations ofAandBin eq (4)' (l.L)

   '                     '                 '      ttt    '                     '        t tt      t ttt  1 tt t tttt ttZqitaiign lh,.N,kil".,,ii f bttry 'ti w btith<,,?

where the bracket means the .minus commutator. This is the . matrix fo .rm '
                                            ttot the Hartre' e-Foek-Bogolitibov equatio'n which gives the stationary state.

2r' Stability condition of the Hartree-Fock-Bogoliubov state

.'' . The condition that the first derivatives of the expectation value

of the Hantltonian with respect to p and K should be zero gives the ./•
                                         'statiohary sitate in the'Hartree-FockLB6g6iiubov approximation. ,'on. the.

other hand, the condition that the seeond derivatives should be non--

negative gives the absolute of the Hartree-Fock-Bogoliubov state.' Zn this

.::itg./ii,./ti.ii,i;i•:K:.(g:•lg•1illtloi•:,:tlajIOof1:.:a:i:.g.2':r#.l/f.:iqg:gi,:i'.k's'i''

                                    ttfirst- and second-order variations stibject to the supplementary condition

514ClitleE VanbdeMthaes ParaMeter that defines the order of the.variation... .

                                                              '



       K =r k(O> +rK(i)+ r2 k(X> + -••,

       '                              '
       M = M`O)-t- rM`')+ ---- .

                               '
                 '

Then an expansion of the suppiementary condition gives

                     2.        kCO)= (O) ,

        k<i) : P<(O) k(i) + K(i)K(O) ,

                                               )         l.<(2) .. K(O)i.<e> vt krCZ)k(O) .f- k(`).

-w' e substitute p, K given by eq. (]6) into eq. (9) and expand W

power series in u. The reqatrement that W be stationary with

an arbitrary first-order variatien of K is

                                                          '. .{iv('>= (?W/2/ )r...',"-- O•'

                                    '

The requtrement that W be an absolute minimum is equivalent to

        w(2) =l S-(?2in//e/,2)r=. >O• '

                                                   '        '
                   '                                     '
We obtain from (18) and 99), taking account of eq. (16),

  , Ltt!e' ' Sr Tr M`O)K('',

      qg)

     (I7a)

     (l76)

     (l 7C .)

        '

 as a

respect to

       <i 8`.)

        <iR)

        (.2o)

l6
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        vv(2' -l T. [M`e 'k`i't !l- ivf` 'K(`'J. (..}>

                                                        '
we already discussed w(1) in the last section, but let us now give the

                                                or
derivation of the stationary equation (15). Multipiing eq, (17b) by

K(O) Å}t foUows that •
                           '                                                                    '                        '

and th6ie(iifqOi i'(<l7'b)K[O.'. ',.0..1,,.. ,. ,,. ,..L, C'Z` ??

  • , K(i>-.- (lny... Kfo))K('}K(d'+K(O)K`")(l-K(O'). (.3)

Tf  eq  (2
e3),,xs=si-ib.is:;iL,t"(te2[l,.ll)i.",(ilOj<l.,ij.be(eO,!i ,.,)1,ifo),Kcv>) i.<ta>=• 6(...,l

For an arbitrary K(1), this implies that ,

     ' p<(O)!.( (O> (i .-. k(b))= D, . (.s?

This is equivalent to

         [M`O), K`O))===O. ' (L,Gf)

Zn order to verify whether the solution of eq. (25) gives the minimum of

the energy (9), we must examine the sign of the secbnd variation of W.

For this purpose we want to eliminate K(2) in w(2)" by using the supple-
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                                                              '
mentary condition (17). With the aid of eqs• (17a), (17b), (22) and (23)

, eq. (17cl can be rewritten as follows:

                       '               '                                                                        t.      ' k(2>=vv+ -. v+v+v"+ V'. ,• '•(26?
                '
                                  '                                 '        '
                       '                              '

         v= ' ( l- k(o)) KO) k(O) ,. vt. k(o) k(O( t -" K`"'), ptra)

                                                                        '                                                             '                                                                 '                                tt         v' ,•. ( l : k<(O)) k(2) i<`O>, , Vit == k(O'K `Z'( l -- k(O )). (27 6)

                           '
On substituting this result in (21), we obtain ,

        w'lp>g yl Tr [M`V'(VV'- V'V+ V'U V') "t 2-d-- IVf' '( V+ Vb]. <sts

                                             '

                                                          '
However, from the arbitrary part of the second-eorder variatiori the contrie
                                                                      'bution to w(2) is'equivalent to eq. (24) and hence must vanish if eq.' (25)

                                         '                                                                        '                                                                    'is satisfied. Thus the second-order variation of the energy can be '

written  ent#eiy in terms of V,, , .
                                                                '        w<2) - "T,.[lv(O' (vv'-- v'v )t g M"'(v+ v>] . - <-V

                  '                            '

The necessary condition to minimize the expeetation value of the Hamiltonian
                                               ,                                                           '
is that the quadratic form of the right of eq. (29) should be non-negative

definite. We may find eigenvaluesAby equating to Tr (W+) the right

hand side of eq. (29). The stability condition means that t- he eigenvalues

                                                             '
must all be positive or zero. Applying the variational calculus with

respeet to V to above equation-and using eqs. (17a), (22) and (25), we can,



.1.7.fliilire.•:.iy,,f?;ll,ilj•11•"l?IL":Iiii>,ilfi.t'liiio.il•tily,•i• .,,,,

giri/11f.i.t[•g)iill,g.."i?lIw.1i..111'lliorkliloililclo?e?,,lilRl.1,]iitei7.rli.1.,,i,•...

This is the eigenvalue equation which gives the stability cop, dition of •'

the Hartree-Fock--Bogolzubov states.

                                               tt                                          ttttt t tt ttt tt tt tt tt tt tt tt t t
?.' 1. Il:ui:ttii:nn boilWRptiln the Stabiiity condition of H--F-B state and the .. .

6,5' 6.l::,SI.abi,i2tl.g.Ol.glg`g:.:l.i?e,H.a,r[,r.ee}F.o..'k;.ioc;g//ub.o.;,2.f:ge,.h,a.s .1.een

order go simpli#y the dÅ}seussiong we only take into account the density

part: This is the Hartree--Fock situation.' . In y.his section we shall derive

ith.ed bS iagi:i.iY..i?"4d)itlO" ,9i th9. Hartrge-Fock equgtionT yhtch is first st.d-

             '                                              '     Ths stability condition of the Hartree-Fock equation is obtained by

repia 2:r.,,M;78K ;" Xii',Y,itl V:Vd 2',ih,ft,i.?,', •''6S,'.

if



                                                                           7o

                                                              '          '                        '                                                    'l'vhe'te "(o) is ,the .Hartree-F6ck gne body Hamiitonian and v(i) is the

residuhl Harniltonian, and p(O) is th6 Hartree-Fock density' Tnatrix and.

p(1) is the matrix which is obtained by eq.(32). A is the eigenvalue,

/91k.tl•:•ai•l.:l;Og,g2b.)i2Slf/1?;)•1-1.it,"t,1:::,;rClge.:.,W:elk91:h.iib#.r:ie:i

ig.rigl..i//l,W,I',i,ie]..-i':/17;,liiXSfll/fm,i,:sl//):fr;b/111il.,,,fi,Pi.,1i;l..1,(,.?.:I,9.11f:,/r.rl3.g/,).,,tf,3->

i.:ernigl,.e.illler.i2.efii.i.,.iii•,ol.i,li,1111.I•i.'li,l,i.•fii'jl'".7m(•g'1.'o'1'"flfll.'i.1.I.]i

.)•ri1•li•i•r'i..i)1illliiiliil.i.i-I[ii.11,ilPi1ewiloi-i;11111IlgJllll.1111/llil•i•,pti•1.•-lkl..Xil•llllll•i,xtl1.•(}s)

                                                  tt•fii9. Iiill. I)Åí,11mpjl.e,"lsl,l,.,,e"[,[32jXZ."iS, ,l,,;'.i .'''/ '.•'.' .'•1 .'•''11i',,b••

                                                                          '



                                                                            7/

Using eqs. (3.4), (35) and (36), we get the equations of the stability

condition:
            '                                                         '                                                           '                                      tt      (' E•-'-- ep f?..i" •+ .:,:il, ((iT.i:.ij •- v,.ta,•J )Jiv?`•"+ (`-i.is•i; -- -[I,,7.d.J )s?6.'`#;I- /t s//:'lr'., ,

      (Epm---F,>S/iS'"+II"4C(IZ,;J•...-7or-)f.S•""-F(ZrM-J--PZA;MJ•-)St/11j')-AS//iS '

                                 '
                                               '

The form of eq. (37) is equal to the equations . obtained by Thouless
                                                            tt

      '
     The equation of the random-phase approximation can be obtained with-
in the time-dependent Hartree-Fock formalisrnlO) The equation of motion

readgll)

            '        i,)?i, S' -'( s•),9], (g8)
                           '
where p is the density matrix, and v the Hartree-Fock Hamiltonian. The

density matrix P can be written as the time independent part and time
                               '                                                                    '                                                     '                 'dependent part: . •                '
                                      '                                                                         '        s,,. g(b'+f`".h,(-idix) ' ' kO
                                                                 '            '           '                                                                    '                                  tt
The Handltonian also can be,written as the self-consistent Hamiltonian
                                            '
ana the residual one. ''

        y>= v(o) ..k. ).)(`) (14{bo)
                      tt

                     (o) (o)                        ,p ]m O, eq., (38) becomes in the first orderUsing the equation [V

            '       (y(e>, g('']+Cv(')ffo'] -= L.>s('b. (4t>



                               tt     It can be written in the familiar form as follows. As done in dedue-

i:)f,+/6(:.,-,v( /f,u)i]iehl(i.ua"

,-

kui)ixvi,

                                           'ep.8.e:•Silh:oge.#mail•ilo:g.lklhg:,il:ZM,""kh:S:,:P,lr:li.Mi.iii:.':2i.,ch,i.r,:e..Zb,I,..

   ttt ttt tt tt tt tt tt;,i2e.,::r,li.eg]FiiSl,:k..Si.gt.:1:d..jh;.lt.2:.g.i:.::.:q:,a.gk?p.:ig:f,gge,dxm.gphg$e

eig'dnvaiue zelro, sg bas eq. (42).'Zf one eigenyalue og eq• (38).is pega'

                  t ttt t tt         tttive, then eq ;. (42) has imagipary eigenvalues. If Ro eigenvalue of eq.(38)

ip.r}egi}tiver then .all the gigenvalyes.of eq. (42) are Feal. Cgr}ve.rsely, .•

if the eigenva lue og eq. (4?) is zero or imaginary, tPe eigenvaiue of . .

           tt ttt t t%"g,iis3il.iS,::r:,gr.2e.gagl":,'.sg.::.g.e,za.:..:a,g,;%e.ga:,tg::-::gk$g.age is

situation can be shown genera"y.

2';v

(zve>
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Tab1e

Tab1e

L
2.

                  Table Captions

                  '                         '
                      tt                    '                       tttsingie parEicie ehdrgies. (Mev) ' , .
Excitation energies and B(E2) values of tl}e first 2+ states of .

Xe, Ba and Ce iset' opes..' The letters "-" in the rows of experiTnent

mgan tgat "here are nOt .experimental data. The letters '.
:zapOieel' ZYnd":ihlZt:•:i,iLL:il•l,t:it,X2e,::e.i•I.2f,i2:.f:g;g.il;,Sfat9...'S

TGh2.e .s
;rse.noMgghvs.:g;:.e.qg:lrsMup.ovle;.p.alhri.ng...flr.eef;;;r-;2tpakte.n,QaS-Q'•./'•//'

force, and as VS = 34.2MeV for the case of Q-Q force only. .. .. ''

T.h.g.eiiedC::ii :hgisge. :.aS. :::d..aS..:edf2.:6?'8e fOr the first' '''
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Fig.

Fig.

Fig.

z.

2.

t/ tt

3.

                . Hgure Captions . .

The excitation energies of the first 2+ states of Cd and Te .

isotopes against the neutron number. The experzmentai values

are denoted by the circies which are taken from the work of

sakai.(13) The solid line is the calculated one using the

interaction composed of P2-P2 and Q--Q forees, and the dotted

ll]Il.llga"Q-dQtllg.2.aS2.edi:?t.ted iMe grg the .eai.cuiated ones . . ..

oSeftSthOef fg8rstan2d+Vittatai:1 SO as to fz.t the excitation energies

.Excitation energies of the first 2+ states of the Xe, Ba and

gg,l•:Oi::::'..Zh:.21.aik.,g:rg.i2S.gi:,t2::,::g;::2:.g#i.g:gg.ghe

Of P2'P2 and Q-Q forces and the dotted lines are the ones

of Q-q force oniy,
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Level Proton Neutoron

5hn/2

4d  3!2

4s  1/2

4g7/2

4ds!2

4gg!2

3P112

3fs/2

3P3/2

3f7/2

-1.284

-- O. I28

 o.o

 --2.S67

 --2 . 35 3

 -6.418

 -7.299

 --8.643

 -8.429

-11.637

"O.S73
      '
 O.120

•- O.137

-1.104

-2.Il4

    '
-5.134

 -6.871

 -8.215

 -8.001

-11.210

Tabie 1
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Nucle us
  Experiment

Ex B(E2)

P2mP2 +

Ex.

Q-Q

B(E2)

  Q-Q

Ex

on ly

B(E2)

!24  Xe
126   Xe

l28   Xe

130   Xe

132   Xe

134   Xe

128   Ba
130   Ba
i32   Ba
134
   Ba
136   Ba

i30   Ce
132   Ce
134
   Ce
136ce

138
   Ce

O.350

O.386

O.455

e.5 38

O.670

O.850

O.279

O.3S9

O.472

O.605

O.818

  .

  #

O.410

  e
ei7go

,

7.81Å}O.SO

6.5 Å}2.5

3.l Å}1.0

    .

7.5 Å}1.8

7,2 Å}1.8

    -•

    -

    -

    -

unst ab le

O.256

O.405

O.539

O.677

O.847

unstab1e

O.276

O.461

O.627

O.819

unstable

O,136

O.401

O.591

O.799

7.594

4.761

 3.415

2.450

 1.576

 9.019

 5.180

 3.455

 2,16e

22.075

 7.155

 4.413

 2.681

unstable

O.475

O.928

1.3e7

1.679

     .-

un s t ab le

O.584

1.09S

1.527

unstable

O.095

O.930

1.415

10.3

 5.0•

 3.3

 2.1

 --•

9e9

4.9

3.1

 -
70.3

 3. 3

 2.1

Table 2
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   . CHAPTliR 5 Inczdent Energy Dependence of (p,t) Reactions

1.  int foduc90n . . .... .. . .
'.G.l.' ,h ,H,re .:a,X,eb.:.e",6:[":,:::Y.iXg.er.i::ng:.:g,f..p,ii[:a.c.g]o.n.;.:;..v.a,r.ious

there are some nuclei on which (p,t) reaction have heen done by using

iEaritil,li'i:.:,i•l.:'E/lg,tipii.i"./rx•liill.IgeiM.g'xf:.'L.ii[il'":ft:':d'11!iiSi2ei:/i:::'li':g'i/ib"l:,i.S.,.

Iy excited at some incident energy is not excited so strongly at another

incident energy. There might be large incident energy dependence on

(p,F) reaction-cross sections. Thus the purpose of this chapter is to

ih: 2. ::Z:l•:t,;•i:ii:i,,:heC.tl2".,gi,i:igl.2e:.c;:o:,;:g:g.::,\::e the -cident

11'. Fof the 5urbose, we 'took 'the data 6f Lhe' r'6action 208pb(pit) 20.9.p6

by Ep " 4oMeyl). and Ep " s2Mev2). The wave functions of 206pb have been .

well sttidied by thtiny authors in terms of the shell model.S)'6) The levels

which have the angular momentuin L za O, 2,'.... and 8 are exeited by the '

(p,t) reaction with Ep 2 52MeV. The interesting point in the experiments

ts that, as can be seen i" figure 1, the cross sections to each angular- .'

momentum states at Ep = 40MeV decrease as the transfered angular momentum

increases, howevers ones at E p = 52MeV increase as the transfered angular

81
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     ' momentum increases.
                                             '                          t tt t                                                     '  ' The wave functions of 206pb were taken fr6m the work of Kuo and
            '     '      t tt                         ' Heriing5), -w'hich -w-efe indicated as set : th their pap6r. The lormu faetors

                 '                                           '                                                        'which were used in the DWBA calculation were made by using the formalism

 of Lin7) and the tails of the form factors were modifi'ed by the prescrip•-

       '    'i:•i•:;O:i::i:.:di".:l:,:gii:2ilgl,11;gl:.si::.i.I:.:,\laiz..;o:,zrig;:.•ar/:i;'1::2'::egi.,,

                                 ttt t
•...,•

.T 2:.i:S.:i,t:.:[.t2.e 2V2CgCglC;lailg". :fe,gh2ge. I2.ilgE":.2[,.T?:.iz. m 2d.....

states  are plotted e,s a function of the incident proton energy Ep. rn order

to  avoid .the  ambiguity of .wave functions the magnityge of the cross seetions

is normalized to the cross sections of Ep = 52Mav. As can be'" seen in

                 '                                     '     '                   'iL:-F/].li:-l•I•slli--fi.I•:,:-i•,:.:,i,i.E-r.,i:,,r{,.l::g."Of.S,.Sr.i.:i,g",:...:.i.ff:,ge.,lr.I.sg:,,g:.:./Lo"es

increases. . Tt }us at Ep .= 52}IeV, the summed cross secitons leading to the
'/1;x.;. ' g• : .sxgt.. ;.ig,' g:•: .i: :.geg.f •g.f61yl g,g•g,os•:,ggtl IS;S;..i):,Iii..1rp•:.i:',#.F •,Ep,gg'.t

L+ states si{teh as'4t, 6+ and so on 6an not'be exeited so strongiy. on th6

:llllebr.h[l:d.;tg'td ' gp. ny]tigllgl[yEhe i6wer L+ statesi sueh as o+ and 2+ st.t.. ...

• • .The experimenta! and the calculated differential eross se6tions are .

                                'shown th tigurd'  3. The anguih'r 'distributiorf patterns at Ep f 4oMev and .

Iit e[.:ie,,W:ll.:::.r2d.u;e.: 2y,' 6u;i::.XEe.,::.g.i:al.:2x:::Ia:z.i:z::: ::,gabig ."

                                                                         '                            tt t tt                                                                 tlaccount but for the triton-optical potential it was not taken into account.
 '                 '                                      ttThese arguments would .be more .clear, if the optical potential for triton

was decided at the Various triton energies.



 . In•'order to check the wave functions which were studied by many
                                               '
authors the ratio$ of the summed cross sections relative to one of the

ground state are plotted in figure 4. The results of the work by Smith .
et ai.3) were used for the dotted iine (aenoted as tAe wave functioRs of

True and Ford), and the energy dependenee was made by using our results

:g,th.ei.W.yalle.ip"".C.dt12:dObfyKiZ.#Ed,::r: [lglL..T.h:.#iip,2gk::e"tai. .resu .}t? were .

      '              '    ttt
?, Quaiitativg discu.ssion

       '                   '  . it was''6oncluded inithe previous section that the peak position of

the cross sections moves to the higher ineident-energy part as the trans-

qfeui:S.taanti.:eiadrill:Il::i.oUnMlii)nCreaSeS !t iriay be understood by the fouowmg

 . We consider t"ue (t,p) reactiop and then consider the (p,t) reaction 1'

apd comparg it with the DWBA results. The discussion is started from the

following assumption; that is the reaction happens at thenuclear surface.

This is a natural assumption for transfer reaetions. At first we neglect .,

Ihr: {IYiiMlre.r.:gtf igi..i"T:,edi:Eu"l:rtk:mg:,g :a;..::m ".;g .c:;z:g;g;'2: :h,;ou.gr /

where kt is the wave number of the triton (neglecting the recoil effect.)

a7d e i9.7qlh/L"".,'Åëi.eilrtj]//'"9;/'he a"g"ia' momen.tum Just afrer trans:;>. .,

   tt t                     '        '
where ko is the angular momentutu of the transfered di-neutron and kp is the

8S
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wave number of the emitted proton. Assuming the emitted proton is scatter"

ed to the forward angle, the ecnservation 1 w of the angular mouenturn is
   '                                                   '          '2i s Åíf, then it becomes

      k-R "l .(!o" -'2ip`R,-

        '

Thus the transfered angular momentum must be
                     '                              '           '            '          '                                                                    '                                        '                    '       '      .eo ==.(k'%r)'R -. Iti\Y R(5Ex-K) ,, (9

                                                 '

      'where Et and E p are the energies of the triton and proton. Using the

reaction Q Value, the above equation becomes

      k'- J2iE•R(J;7Ee Fa) -A), (S)
                                                                   '
                                             'Next we consider the Coulomb effects. Theseeffects can be taken into
                                 '                                                                 'account by considering the energy conservation at the nuclear surface.

                                                         '                           'At the nuclear surfaee the kinetie energies of the tri',ton and the proton

                                   '        '
are

           '     EA(Å})= Fx - Ec ', atv-A 'E;k (P) = 1!IP - Ec ,' ' <O

                                                                    '                                                                       '
                                                            'where Ec is the couiomb energy(Litl\lliiXI#i2iill' whitetbVVre the reaction happens (i.6. nuciear

surface). Thus the final result is
 '             '

    ,,z. .. .,•rL5rXF:riy:.. R( ,(•.,,...-}s,.Q) -J-"EF,:EIEI,.>, (7)



gZI l2e.l:.[Il.r:a.C[,iZ"g.:IMIili :.kSg,"illo" can be dene• and the condit.o.

,' .fu.igr.g:l.gn:IYgiS,::iC:.Iu2es, I,h: d.;'Ei:r.:n::t{'::;sg,s:;:g`z::,:":,the •• /

Z,:liiike:g:,[/h:i/:'i.:2.fi.iiii!.t:.i:!'/il'[a:,i:.,i'iie:i,:I'1/i,:/Za:.!ii:,i;ia,iiimil'#.ii:.'::'i,I':l:,eiie.`S.•

plotted as islands in figure 5. The curve denoted by the dotted line is

eq,J;, which is neglecting the Couiomb effect. Using the Coulomb energy .

for 208pb at'i'the nuclear surface as Ec = lsMev, the curve of eq.r7 becomes

as the solid line. The value Ec = 15MeV becomes by assuming the nucleus

is a point. The finiteness of the nucleus rnakes the solid lihe shift to

the left hand side. The effeet that che emitted particle scatters to a

l.il•lill.::"lll}/I;Mi":•il•oilligeSgi'il"m:i':,Lis:liii/t,tiaiL'ioi•l:'l:i:hs:iili:'ilt".T:'ia:ie6

i"SSIilC['i:li.",.'., ....,, ,.,..,,... ., ,,,,) reaction has bee" diSC"SSed

in this chapter. The conclusion is that the peak positions of the summ--

ed cross seetions leading to each L+ states move to the hÅ}gher' }ncident-

energy part as the transfered angular momentum increases. In other words,

the (p,t) reaction with higher incident energy can excite higher angular

momentum states, In order to st 'dy the lower spin states you had better

use the smaller energy proton, and in order to study the higher spin states

,{fiiit"'
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you had better to use the larger energy proton. High spin states in a ,

deformed nucleus mzght be excited by the (p,t) reaction with using high

energy proton. To sttudy the high spin states Å}s very interesting to

know ;l :: :o.:".I;io.f,ig:ei:h:l:ei.tr.,a".,SiglOil.gfdli:llallliO:ll..:t:ll:St..'k.., 6,L

XtC 1.:Oie,:t,lai,[Oi,iil:lni.,ZO.,::k,e,g:e,:b,lg: :`,S::s,:i2".z. ;Ee strict



 l)

 '

 2)

  '
' 3)

 '

 4)

 s)

61

 7)

 8)

 9)

10)

11)

                             References

       '          '                  tt t                       tt t tt ttt
J3o' BB(i:ggii) 'sl]3 L' AUbie' J' RapapoTt and c. B Fuimer, phys. Lett.

:1 Y,::l I :1 ",Zil',llla :rWX.,a",1 5I j#,tgl•:2ZS.',k,ek",i9i,;l26,91,g4,7; ..

'/915:lgiii/i:71:lgiiliaiOgZ.if::i,..t:g.,i/i./l.t[.ik:1..i,,iazed N"ci phys

1:l JI ,T.r:g,9;:,III K.8.\Olg,• ih,Y,gs,R2V,s,i09 (i9ss) i67s;..

C• L. Lin, Prog. Theor. Phys. 36 (1966) 251 . .' .

N. K. Glendenning, Phys. Rev. 137 (1965) BI02 '' 1' ' .
Iili6Pdg6ri;kiiog' E'' Gross, B• J. Morton and A. zucker, phys. Rev. .

:, :l Si:.:le,";l;gl i21il igl',l,59,iig6,7) i344

87



Fig.

FÅ}g.

tt  '
Fig.

Fig•

                   Figure Captions
                                 '                      ttt                    ttt                                   ttt                                            tt                             '                              '                    'i ::.e'' :Sx?i`;agi::.En,::fie;,'zf,g2:'ilLSr:Åí.l:.g;gt:fi.of.Z:,6:bg,hnd.

           '   the (p,t) r,eaction with Ep = 40MeV, and the right hand side

2l/:l:'iilll:dki!i,I:'irlS'gl':'i.Eo::'i:ii/i'S,#.re.i::,S."M.:il.::o:.s.sectio.r.

3 ig,'. :2g.. :p;:i:::[g.i g".g.ih.2gr,e:lc;6.,;,n(",l2j gllirge",z... '

''

/i,l'ii[":i',ii.].,g"l,Il.llltiill:ill.ptEi:vliai/l:d"i.gT//F.iiE,I':.:/ll.ii,iZ'ltilhli"oy.e"•.

   (c) The experimentai and theoretical angular distributions ',..

[Zr, gl.a::,Zl,Zg#,.tZS, Z.OZ"l:t.:d..21..Zi 8Zb.!P.l:l Xl.gh,.i.g.1,g:Xe""...'

, i2r,.21•t.61.Y,g'
,8

:,S[,agel,Y:' 9"ga,i$,:K.2?i.:bi:.'x'.:fg",.e:.",g2"ey'

   the ground state..The solid lines aFe the experimental ones..
                   '   The dotted lines are the theoretical results with using the .'

   wave functions calculated by Kuo and Herl.ing. The dashed- dot
   iines atSef!5Zones with using the wave''lunctions caicuiatea by

   True and Ford. •

t&si



07

Fig. 5 The peak positions of the (p,t) strengths for each L+ states

   The vertical axis is the transÅíered angular momentum, and the

   horizontal axis is the incident proton energy. The islands ..'.

g,i:,tl8:e,gk.:O.:lt:i"Z,ia:;i:X:d,igX:r,rn,:,Oi.2W.B2g.,eg,,s.2leT.2e.2oiid
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Proton Triton

v (Mev)

W (MeV)
 v
W (MeV)
 s.

V.... (MeV)

rR (F)

aR (F)

rx(F)

al (F)
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54.62
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i60.0

 20.0

  o.o

  o.o

  Ll

  O,75

  1.6.

  O.7S
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  1.4

Tabl' e 1

Tab le 1. The optical potential parameters for proton and   .tnton .
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        CHAPTER 6 Effect of Two-Step Process on (p,t) Cross Sections

            '             ' '          '         tt
1. .. Introduction

'. .''  Two types of angular distribution patterns for (p,t) reactions lead-

ing to the flrst 2+ states.are repoFted in many cases'.1) one type of

:,iSgetg.tl2".,:.::i2ii':,X ::li.liO,:.g:.9 frbi2e'::OR.w:i;h. :a.2,6:.:e::.:ez.r;d"f"

il':.ie,l"3;iii/.'iln:.iZ,Il?i,li,;.:.:.S,1I,.aiii"\.i:d,,iii,il,X,:,IU,i.i:l.:,l,l:,ll.:ldl.r

g.radua lly grom the ope type to. the..seeond ong gs mass number decreases.

i'i::il::il:i:r[:l.c:'li'la:rih.iii'ii'i:ii.i'ii[i.e:jr:'i/IA;:.f.cMili:j'.ii'i'i:i.i,li'ii:•SeS,

inadequacy of  the  usual  approaches,
. ./.

2.  Two-step proeess-ea lcyiaFi9.nS . .

.by"?• The T-MatriX COnSiSting Of one-step and two-step processes is written

•'

. / Tr,+ L ' < {-'l vti.ÅëS' .> -i-(diÅí'' IVx :gl.:-giT rE;i+L6 Vfi't;'>.>, 1.. ,. Ci)

              tt                                                  '                     '           '                               '                         '                                                                    tt                             tt                       '                                           '                 t tt                           'where ÅëS+) (oE")) is the d;st.orted wave times the i.ntrinsic wave function,,

?.lk',,1: I:: i.eg,':g:1,::t:r,a:i:g". I:d,x2e,:i2'llliga,lzr,.igiglgg." ;':l ,,.,,' i
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                                                                          !eO

                                                                             ttt

                         '                    tt           tt                                   tt      '
term on the right hand side of Eq. 1 is the DWBA-matrix element and the

                   '  '              '                 'second term eorresponds to the secend order proce ,,, ses, involving inelastie

scatteri pg in.the gntrapce and exit channgls. .... . ., ... • .. .• .

 . The ground+states df Te isotopes are described b.y the BCS-wave function

:gl.t::,ili:t,k.itli;i,:if.::S:itb:d..l•:.jgi:S,g.f.2P?,ysie,?ot\,gh:,?:gdr"'

                                                                    '                                        '          '                                tt•ig.lloi:•il.il.i,Wlliiii,Ii:•iiiC:,:•ialel•.ig//.;•:,,spt:",,':.:,::.:.,o,:,.:,:?,?ei,/,irige:,g.//,...

factors of the inelastic .processes a Te the macroscopic ones whieh are the
g;r:':gix:,:.11.t;:.zxglg:i' 116ge,";`.alz"61:.t::.gs::l.:al;g.iagi7.:.g:e.Iai'iei.,,''.

•' • The optical parameters for the proton were taken from the work of ' .'

FuiThet ed''ai.,9) which r6btodu6e the anguiar distributions of (p, po)

"teacqon 'of Te isotopes witb 'rpp E s2Mev.ie) T.he 6pticai parametets for.

                              tttrtton were adjusted so as to fit the angular distribution of the (p,t)

          t t ttt tt ttt t                                 tt ttrea gtion leg.ging, to the g.roupd stgge, sipce t"e7 are not .well kp.oyn at this

:.:I'illii:e.iE:Y:giii.i.i:i,i&.Tif.il:•l,:.:l,';iih:gy,ige;g;ilti•iii:i•,ii:•:•ii:l.i:.1:iebY

              '                 t ttt t                                       '                                                          'ang"ia' r disttibutions for (p,t' ) reactÅ}ons leading to the first '2+ state of'Te

isotopes. The,variation.of angular distribution from:npcleus to nucleus '•• '

:",,::.t.?e.i:PZO,:gCi:.OX:i.lli,Zf.Ie,iZO::P.:: e.g::,:,i t,:e,ZS.P,::Ee.u,la.t`op . .'

                              '                                  '                 'comparison with the exp' drimental cross section.'

     The summed cross sections taken in steps of 2.50 from 50 to 55e are

                                                                '    ttplotted as a functN ion of mass number A in figure 2. The interaction



                                                                          !o!

                                                                           '
strength of the (p,t) reaction is normalized to the reaction i30Te (p,t) .

1?8Te (g.nd.). As can be seen from figure 2, the experimental cross sections

graduaily increase as the mass .nu lpber increases, but the trend .can not be.

reproduced by TSP calculation with B r Bekp. FurtTier the magnitude of the .

                             ttt ttg:zs.? si,ci:g:z ::i.c::al:i b,x.:si,;: t,:z i.iig.: i2rn.ilr.:: g]t2,gh:.::::r,:m.:2ia.l '

                                   'process are too large and the second order process mainly contribute to the'
                                                                     '
e=oss section. The magnitude of the second step process is proportional
                                         'i.ipl:l.i:i.l'ii:'ll'ft:li:ili',1:.l.:1!iii':.i'.i:Z,l:e:iM.i'e!:'i'i:.Z.i,i'1"l:i'gi:bi:iy"

variation of angular d l.stribution.patterns and the trend og the cross. . ..

g:g;.ign. g: :;'??t ::•ig.tg:,lei,og,mg.tl;".:gr :::r,::a:::,tt"i",2:xglg.ateg.i[O,:..

wgs well .Feproducecl gnd the yfFiation of angular distribution patteFng were .'

ilii:lii.l:Iiiillidi.."i"id.i:f':hr: il'f"iated a"d the experimentai a.,.,.. ,..,.,-

     '                           '      '
'..•  In the previous section, it was concluded that the deformation para-

::• g:i.•2.e[l .: '
:'].?e,::.:":X,b:,gS:S.g: .e:Pi:1",,:::,::i'gagiO:,:f.ig:.":2::. gti . • ,

There are other evidences to have to use such a smaller B value. Th6ee

#ie.,zl?.te:ikl:,glti,:2,ogi,t2:,i:,'i', i:gi:lgi? z".,t:;,•zp,g;rlli:i,.Ilzr.at::ai• .,

                                                                  '



loZ

!g.i'i::o:1•:ii2:•ie,ilg.#11yi:•eg,#•gg:•gl:•,isd::•:•••gi;h]iiii:l.:•:liio[l.x::•:.s,ll'iiilio".

tBO gll: ".eiggrOp:.: i.Pbde'i.Z:iEiigr:(4.)(lr) a"d (ts)• The deformation parameter.

 •. The neutron number dependence oft ehe sumrned eross seetions leadtng to'

i:,g.,ii.o:.:ig.si,?:e:,zw;ii.i:bi:,lri,i,iz,:x,:ig.2,igx.:li[:iii:i2[:.:xi,ig";.cii2.:,:,2il.#ihe

interaction.14)) The interesting point in these figures is -:t:8Clll?EiStfg:o the resuit '

li.t::.i:,`g:.:P,eS.W]'gh. O::.Ol..t.h:,Cl.:':O.tg:e.:l...Fgi :l:,:::: \g p::M.::ri,,,'•

and the deformation parameter B is about o.n6. on the otheri hand the surnrn-

ed
 eross $ection of 1414scd66 is about 42'O'

 and the defo lrltp2tion parameter B

gX,a::gt.:',',9,3,r, ',:e,::ggl2.r.g`S,,t,r.i?"tl;",Xgtg:r."..gf..'",'Ii",.z.s.g:g :i.:i,type

contributes to the eross section for ii4cd as Te isotopes, and we assume the

iasrn1mp/,ii•iliiiihi.iliil•IFmii'Siiiii•imi.l•ii'e,i•ii,eEiiiliil,:ii.•ilii.iiliili•i,il•iiiii,i•i!i•iiWi.Iliiili,1ii[l"iiiiOili:d•'

iO.ri:,l.g,il:],1:.li:,:•IO:il::,l::zfil:•ieili:,li'ligO.ir!,lel,:':.:O,]:i..L,.,.....,are



                                                                           /eY

                                                                            '
                                                                           '                                                                            t/
                                                                               '      ttt   '                                                                              '                                                               '
;h.g.[lg.gr .g.sgo:2:l:6g2n.,l2e.;g?er,:g":..I2:,[:r.:.gaglo:.og,I22,(:ig).i:ag.tlo"..

the second order process is very important in such a caleulation. We have .. '.

to start on the same basis and diseuss the interference between the different '

,: ,ili:e/i//ili,:,.r.;:e/i,iii,i///,i;/ig•/r.ilip/:///i•iied(/iiibt,,it//lge/zi/gii'z,11iM:.i]j,iil,..,,laii"?-i.ii/li,ili,1,,ji";t.li.Z/,••'•'1

where 2,s'apd j are transfered angular momeF,tum, spin and total spin respee-

/tl.i;iE•i,g!/11if.v#.i•i•!ei.S.alli/E•gi%:ai•1•i//i•i',li,:El':.::'c'X.iME:/;'ii"IX/liEiii;"I:'iii:idl•:i::giii,LL[l•••

`ng .tO e.,t

,,s

ljJi/itlavlllllilllilliiiiii,,iil,ilsJis-,lillllill,iis"11,iY,,i,2/2.,.",/,x.rg(Tiipites2><r}]•`.vick•s>iM)y2>i'-111?)'i1

                     tttt t tt t                                                                             '                                        '                              '                                t tt                   ttt tt t t                                                               '                                                             tt
where Vs is the intera gtion strength between nucleons, and s = O is the spin .

independent part a' nd s = 1 is the spim dependent part. T(Sl i.j)'(t)...is given by

'' . •..T`fflj>(})'== i:i:'lk,.,(SzafeM, ld'th4)Vt.,(S).]rl,., .• •• . . (k)

                                                                      '



lo4

     'I.h2 .fZit,lr,g,g3'g.S'g•]A.lgkJ'i..1",:...Åëjg'i2,,:ei:,i.l;e;.l: gh,2,Pgei..i.'.gÅí.,liai' i9

                                                               '                                                                     '                              '                                    '     '
    'v-Oir-Yt) = l}.,1, V2(to.g)X{r,.(g) )r, .""(fh ). (g)

                                                                    '           .t     '                                           '                                               '
In the radial part of the interaction is the gauss type, the expansion

function can be written by '
                                      '       '   ' 'Vs(tc,]li)= `l`TfFjRo'J(-2AAZrk)e•-qZ(r2+gZ), <r?)

                                      '

           /twhere jl(x) is the bessel function and a2 is the range parameter of the

interaetion.

     The sign of the form factor around the nuclear radius is very important

in the calculation of TSP. It is useful to know the sign of the form faetor.
         '
If we use the 6 interaction for the (P,P!) reaction and the Q-Q force as the

residual interaction in the nucleus, the form factor is written by '

     'Fp,J, (to) = s,.$"Jt Z",j, <od1 )"Y;($)iii2 >2 ( qd,oC'`"z ,,)Z (rrlEli;,I ;i "ii ;s.- ti-,u) '+' "ag,Sre,i.--ptD) N-

                 '
       Å~ 'GirRrv,X, (ic) Rrv1,y.(to)Å~ "N"iÅí2P x <' M,Jz`) toZiM2Ye >i (8?,

                                                                    '
                  '                                                                    'where the rnarix eZgment <nl lll r21 nzl2> has thesame sign with the value ''

Of R pLll(r) Rrh.12(r) arOUnd the nuclear radius r = Ro. Thus the sign of-

the form factor around the nuclear radius is always positive. ''

(2) (t,t') Reaction

     For the (t,t') reaetion, only the magnitude of the interaetion is

different from the (P, P') reaetion: That is



                                                                   lef

    VO•ti)= l.: -:!(7p+ 'VT, (<LTe-ÅëTt. )) e..af`7c)C- SoLltrd '-/Xx l2-] -

    . -"• d71ii-(7,+7,((ZrL 07))9) opf-,Sir.Itif,-iV,j2], •(g)

                                                '
                                                     '

     e.'--[T,fglEi;ixy%]j!S', er=t. eo>

 '      '

ard .,s. =•afc,.- ;,.fil,; -,.,.l{,ig(fillii..I.:l.i>), o,,

'• i'X r=:"=['j'-'-//i] '
                 '                '                                            '
These coeficients come from the integration over tr-ton zntr-nsic coordmates,

       t/e ,rt-•r) -,S"1.tir/btLss y,,l2,r, ;i; )e7L.l (7, -t- 'ot;' (oie• ' cptv )J e 7t7p (-za•2'ti`.,, -i6 f) 'ilif (ir•('lg,,>s

    Thus the spectroseopic factor and the form factor of (t, t') reaetion

leading to the first 2+ state are given by

     Ay.j=J31tl?sr`s!;', '

     'Fpil,J (h) == .ii,ill;, os <j, ll ,1TeSl'd >(S)iles> uofeS.'(9o,o.+(-i?,,,.) -

       ' ' ' ' Å~ (.:2.ek<ty,,9il2)nM(tc,1!;)(M2P.>-- Cr<'y,tP,i'Vp*•P(V,g)iM2P2>]. (ls)
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                 'where v2n(v, t) and v2P(v,

  '                      'parameters Sn and S pi ..'
                       '         '     T"e calculationswith
     '        tt
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                        '                              '
  ' (e) The deformation parameter e obtained from the B(E2) value.

    The horizontal axis is neutron number.
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CHAPTER 7 Concluding Remarks

,,in..i" .fC !:.Ciq".di.'ndg..ih.ei.lpre.Sie.IXgPIP.e.[.UveSlg"qid..:i.k.i.11-;t.rie.Si:gthfe..i.mp.:IIg-

                               '//e::21 g.ceg.s;,:s,;.p,1 :.;:,i.; /i2...th"i t;.o"gi,X,2:. C:g:.d gl,i.t:.:e.Z b,l t.:e,"Z. 'I,'.

quadrupole-pairing force to the quadrupole foree in the framework of the

    '                                               '[..rl:dim.:h,zsle:a:pg,io.lll.ezalfll161,i:';:l;lku.11.irg"".i}eiiygzi.:.#,f:,g.:,g.II,"lrr:ilo::l.:od9

     tt tt tti,".t:,r,MS..O.f.pa F.r'llts"tii"llii.il..i".".:.i:[lnj.P.a,,rt.1."t,e'.'.P,.a:1,C.il.M.a,t.r,`,,.X.:ii[r:")".Gr.

There isi .a,.relatign betwegn G and F which is expressed using a Rgcah

coefficient. /..''ln our ealculation for G type matrix the monopole-and the

              t tt tt2u.;ggug2k'e:p.ai.:i."g,:o.gc2:.II2r:,E,ak,e:.ar.'d,ig,r,/1,::,eIlitiiXy,lh.S.1".,a,:l..xp,O'e

                      ttt tt                          'for the two-body interaetion, but the recoupling spreads the strength of

one type over many angular momenta and it can th grefore be neglected.

               ttt              'For qua grupole ?grts of these two type matrices F and G, the quadrupole

                       tt ttiOakCeg,r/g.rjhge:.i•b71b:gs:iiXiniil•ii.2f,iragC:,r:•#.Ie,iur,,il.gi.[f,i.g:":.ei,f:CkZ"S:h..

Ba isotopes were well explained by the vibrational model described by a

simple interaction eomposed of a quadrup,ole force and a quadrupole- •

                                      '                                              "•pairing force ,in the framework of the rEmdoiT"phase approximation.'  For
lh.'e.diCh.ga"g,e.O,ithÅíe,..an,glla.r,:iS..Jtr`.bf",thi.O"llgtd.le..M",.Of..]ih:.[P,.'Ilitlyllii,.aC.ti8ili..
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                                                                             '                                                                             '                                                                          '                                                                           '                                                                             '

    tt                       '                                                   '                                                 '                                        '                '         'nurriber . between 50 and 82, the quadrupole pairing force ha s an impoT-

tant effect to make the magnitude of t be cross section larger and the

                                 tt     tt t                                                                      '               'eqSti':o:t:IOie.iS..i.ai,C :.atl:"..Ie:.i.gei:i,ib:.d,lh:,SIS,ie:a:i;:..Oj,l:,e j:ll'

used so as .to explain6iff?velttkinds of emperiments. ,These are listed in ••

table 1. ' As can be seen from table 1, the value of G2C  spreads ovgr .

20 to 30 MeV, and the value of V29 over 30 to 35 MeV. The values of '

                       tt                                                   '                                ttt    tt                                  'the intera6tion strengths are strongly effected by how many single-particle

lev g.ls are' taken in the c.alculations. To cgrnpare these values which were .

       '           ttt t t:i:.iile::':Y:.";liif,ISum•hre,XP.cZ.i,lltMuge.:•lgW;i:gg.ga.ie..Za:."."i.rib,Zr.,:f..s$g::-,p#.rtfcie''

.'

 ....,The BgE?.) yalue of the tFansition.be9ween 4rst 2+ state and ground

                     1 ttstate caZcuZated by taking three major shells into consideration exceeds
the ' experi'rnental vatud.. The eolleiSYtivity for the BCig2) value is too

;.aiprOr"o':i:;F;:niY..thm'ie"::rre"PiOgiei'oisOrnCeevie'Srttauklli".i2'ttegresO.fih.e.,lan..dO[ll,Pthi:S.'et-

i.d.ll.O:,[hi.2".g.di,"P,9'&;gOI.C:,\h.,e"gg:.e.,;:.i:.x,iai:.[h.e,.eo,g.r:.i:.tlo:2,:`::.m?re.

quadrupole force and reduces the quantities wi.th particle. hole.nature; '

                               '             'B(E2) value and cross section of inelastic scattering and so on. Thus the
                                    '6ffec'tive 6harge of a protoh 'and ti neutron must be iarger than oid' one.3)

            tt             'Although we must use a rather large effeetive charge eeff for proto ps and
                           '                                 '                      '  'neutrons, the trend of the experimental values was well reproduced as can

Pe.SeXni;:hghicSaiPcauPieatklons on .the (p,t) reactions were done with the zero-

range assumptl' pa. 'For the transfer'reactions such as (p,t) reaction we '.



!2l

must ealculate the six dimensional integral, but the zero-range assump-'

tion allows for reduction of the six-dimensional integral to a three- ,'

dimensionai one. Zrh g physicai justifieation about vhe zero-range '

                              tt                                                'asstimption in need.. .Zn terms of the plane-wave Born approximation we

can see the effect of the zero-rangb assumption, and when the relative

eng.rgy of the sysF.ern is high, the finiFg--rapgg gffegt gan not be •..' .

:;gl ,cl kd','[Fl:il: k"",gi:w.:2.gale,u:l!Iig.g..yii.:o::.i.:r.:2.lz,'i].lel,c,gio"

                                      '                                   'relative rnagnitude of the cross section for excited states to the ground-

SFate trgFis,itlon, is not effectg.d. so largely by such a finite calculation.

But the magnitude of the cross section is largely affected and to diseuss

fhe m:g,"t:;d:,W..',P:,ii:,d:,gh.: ii".ige,.i.a",gi.[/1:g."ie.t::".g,' ,.,..d.... on . ..

                                                    '                   '   '  tt            'Ilh:: .f9,' i. I,.r.2.agt.L,O"i;.,i". P,idX ..fl,.?I. ;9 .2.. ,2i.:h.s\i.?.2t.z.;e ,: : w.;.:l g.:arhef .

:,Oi";,:ii.iii,i].il$.2,:.i.It#,,:,igh,:g,2,ikgY:.li.!r/;}il,ia:g,.i2::E"t:r.:,...d/:e.;.e.tL'{};:ee'

duced when the two-step proce gses ipc.luding the inelastic scattering ln '

the entrance and t P.e exit 9hannels were taj. Fen intg aecount. Zt was also

pointe' d 6ut that the si'u6cesive procesS 6ne hucieon is transfered after

another, was important for the ewo hucieoh trans{er reaction.6) How

                                tt                                          t ttrnuch does the successive process effeet to (p,t) reaction is axopen

     flhe so called two ptionon states have been discussed by many authors.7)

                                         '                               'It can not be said., however, that tPgse problems are over. Og.d nuclei

have been also studied 6y Matsuyanagi et al..8) For these probleins the

                                         ttquadrtiPole pairing force night affect successfuly.
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Nucleus Nd Ba Nd Cd,Te Xe,Ba,Ce Te

Chapter 2 2 3 4 4 6

G

v

c
2

c
2

26.0

  '
  -

20.7

  nt

24.75

33.18

26.0

'29,3

28.0

31.8

20.0

  -

Tabie 1.
 '                    tt  tttt t t tt tt tSetfi of G2C and V2C. used.in the vgrious chapters6 Second .

row denol$lgi the chapter in whicA the parameter sets indicated

in third and flol{F'throws were used. The letter "•-'i in '.

the fourth rgw means that the parameter V2C ts nuc16ar .,. '

       t tt ttt tt:/AP.e",,d.e:.:.::.lrc2,\.:.:S.2cl:.e.d,.s:.:.,::t.z,:zp:.:d.":..i2e,;.x;.ltar.lg"

the 'third row. '.•
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