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Abstract:

                                       tt
     We develop a new method for the calculation of the cross section in the

distorted wave Born approximation (DWBA). The form faetor in the transition

rnatrix eiement'is expanded with harmonic oscUlator wave functions. This method

is convintent not only for the mieroscopic calculation using shell model wave

functions, but also for the study of the recoil effect of the target nucleus.

This can be conveniently applied to the investigation about the term which is

assumed to be zero in the usual DIBA ealculation and about the heavy particle

stripping term.

     The numerical calculations are performed for the heavy particle stripping

term on the reaction iiB(d,n)i2c. we' found that the darnping of the matrik

elements with increase of the nodes of harmonic oscillator wave functions is
                                             '
very r'apid. We also found that the recoil effect plays an important role about

the angular distribution of the calculated cross section. The result obtained

using the reasonable Å}nteraetion is mueh smaUer than that ef the usual stip-

ping process. We can conclude that even if we calculate the heavy particle

stripping term microscopically, the heavy particle stripping eontribution on

the reaction of ilB(d;tin)i2c is very sman contrary to the result of Owen and

                                                         '



                              l. Zntroduetion

                                                               1)     The theory of the duteron stripping reaetion given by Butler                                                                  has had

remarkabie sueeess in explaining forward peaks of angular distributions. For

the stripping raction A(a,b)B, the main feature of the theory is showr` in Fig.

ia.

   Fig• ia(giillll>.... ---'-----`> x
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This reaction is induced by the interaction between the particies b and x mrit-

ten with the solid line in the finaL ehannel,,'or by the interaetion between the

particle x and A written with the dotted line in the initial ehannel. However,

some experiments extending the measurement of the anguLar distribution to the

backward angle show a large component in the baekward direetion. To expXain
these resuLts, owen, Madansky2) and others3) have taken into aceount of the

heavy particle stripping mechanisrn in addition to the usual stripping poreess.

The featureof bhe heavy partiele stripping mechani$m is'ehown in Fig. Ib,

Fig. Ib
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Madansky calcuLated the eooss seetions of the reaetion 11B(d,n)12c in the plane

wave Born approximation and obtained fairiy good fits te the experimental results
  'shown in Fig. 2. But to obtain good results, they had to use the parameter

A2/A describing how mueh the heavy partiele stripping process contributes to
    t'
the eross sections.

                                                                       '     On the other nand, the analysis of deuteron stripping reactions using the

distorted wave Born approxination (DWBA) have obtained rnore remarkable suceess

than the anaLysis using the plane wave Born approximation and have explained

experimentaL resuits not only quaLitatively but also quantitativeLy, In spite

of such briliiant suecess of stripping reaetion using DWBAs there have been only
                  4)
a few ea].euLations of the heavy particie stripping mechanism using DWBA. flThe

reasons are as follows:

a) rn D.W.B.A. calculations, distortion effects reduee the heavy partiele strip-

                 5)
pin cross section .

b) In the aetual caleuLations of the heavy partiele stripping term, if we use

the pane wave Born approximation, the six-dimensional integration of the transi-

  . v.Ar.otion matrix can be faetorizeSXtthe produet of two three• dimensional integratien.

But if we use D.W.B.A., this faetorization cann't be done. Furtherrnore, the

caLeulation of the heavy partieXe stripping term is more laborious than that

                                                                       'of.the usual stripping owing to the complicated form factor of the heavy partiele

                           '                                                                       '            '  ' ' Almost all the caJeuLationsrtaone up to•newt"ere'i:t"ebleel"byetskernptsScmrpt,;a'en
 tt

that 10B in the calcuLation of the heavy partiele stripping term on the reaction

IXB(d,n)i2c is a single czuster and that interaction indueing reaetions only

d6pend on the relative distanee between the eenter--of-mass of 10B and the.'neutron.

We,eail the caiculation made by the above assunption as the maeroseopic ealcula-

tion, while we eall the calcul.ation without the above assumption, that is, eon-
 t'
sidering 10B as not a single cluster but assembly of nucleons as the microseopie

ealculation.



     At the stage in the development of the stud'y of the heavy partiele stripping

  'term, it is appropriate to present caleuLations of it using DWBA as consistentiy
                                                                       'as possible. We develop a new method for the eaieulation of the cros$ section

for this purpose. rn g2, we give a treatmetn of the heavy particle stripping

                                                                       'terrn introducing the discussion of Rodberg, and also give our nunerical caleti"

lation on the reaction llB(d,n)12C which Owen and Madansky have treated.' We give

a description of the cross seetion using form factors expanded with harmonie

oscillator wave functions in g3. [Vhis method is applied to the ealculatibn oÅí

the heavy partiele stripping term Qn the reaction 11B(d.:',n)12c. Results and dis-

cussions are given Å}n gh. Concluding remarks are given in g5.

       2. Treatment of thel heavy particle stripping proeess

2.) Derivation of [DDWBA matrix

     The reaction

                               A(a,b)B (2•1)
is eonsidered.

We write the Hamiltonian of the total system H as

        HXHa+HA+K.A+VaA, (2•2a)
                                                                       (2.2b)        H=Hb+HB+KbB+VbB,

where Ha is the intrinsie Hainiltonian of the partiele a, KaA the kinetic energy
                                                                        '
operator .between particies a and A, and VaA the interaction between particles a

and A. We define the intrinsic state of the partÅ}cle a byse a, the intrinsie

  'state of the nucleus A by g? A and the plane wave of the reiative m..ction between

partieles a and A by "a. If we write the total energy by E, we obtain .

        <Ha'HA'K.A'E) 9)ki(NltA=e, <2•3a)
        (Hb'HB'KbB-E) Sbb ib [Ilrs= o. (2•3b)



[[?ie transition matrix Tba can be written as

     -TbQ. = <(Pb li}, SIII, lVbB l{iett,>

                    1         = <(Pb gliib llEBl vbB s?L<at) l (l>. 3]> .llh,, > (2•U)
where

    A"RXI+ g- th+te VecA, (2'5a)
wedeÅízE'En2+)e>t=hsteotLfe)ral te:9toatTt)>a'.dthedistort.dw...xg+)as (2'5b)

      OOS'() =i+ E -- HcL-HA •- KaX -- u.A+te V"A ? ' 2'6a)

      l><2([")l.g,>= op a")1ip. ik W,>, (2.6b)
      (DCb")`l+-iEs-=ffq=rid:izT;;:-"i'igHbHB-KbBubB-,eLlrB, (2•7a)

      lÅ~g')SIi, !l?B>= LD g') (i ,b {Sb EEB > ' 2. 7b)
From E(x. (2.7a), we obtain the egualitY as

                                                                 '                                                    '
      VbBQ".')--'-(coC'b'`<VbB--UbB>+Vb6<l'".-iEEL:':T:U;"lV:;='Y:"E:ff7!H,-HBIk,B•-ub3+LeYbB?,U.bsB))))Q"a")

If we use the equality , '
      s-Hb-HB--kt'be-ubB"ee -' iE:-:illFilZi""'tl '+te `-E-Hb-HB•-ktB-ub6+ce (VbB"LSbsiE':-:ti#z'Ht:e i

                                                              ' (2.9)
the second term of Eq. (2.8) becomes •
                                                                 '
  ' VbB (i ew E ..- Hb- HB. KiB .- ubB .i. 1•;l. <VbB"U bB >> ft<("X) .

     S VbE}, Eii. -- Hb -- HB -tbB -vbB +ce <E -- H+L e) (l + E-Hit te VqA)

      = VbB g -• Hb. HB-glbB.vbB .+ce gE -- Ha 'IaA- i<qA -v ee) ' ' ,.

                                            '                                                             '                                                   '      .-., (u)V")* ----l) e• e• ' . ' -'- (2ao)



Under the conditicn

 Rx'v-n,.• te<LDL'b)"- i)"02 (2.n)
 e-)o

                                               'we obtain Tba aS

   -rb(Lt= <)(t-) S,iStBKVbB -- UbB)!<l2&+) >. ' (2.l2>

If we use the relation obtained from Eqs. (2.5a) apd (2.6a)

    QkL'a)= (x+ E-Å}.c, (VaA-UaA)) ala'7 (2•i3)

we obtair. the aniplitude of DWBA as

          TbDW.BA '= <1)(b'-'lb{ees IVbf3 "Ub6l 'Xisc' 3iEecglA>. (2'IU)

2.2 Exehange effect

     We follow the anti'sy!nmetric treatment of the transition matrix made by

Tobocman6). The state EPg+) is the solution of the total Haxnatonian with the

boundary condition that Å}n the ehannel a there are the ineoming wave and the"bin--

going scattered wave and in other open channels b there are outgoing seattered •

waves. We can write the asymptotie behabior oÅí ` A' l a(+) using transition matice$

Tba in Eq• (2.U) as

    EPX) •v e.di,,giiA -- z,rrr,.,.iMj'b. Ibg}s eriskbrbt5 , (2;,,s)

where vb is the reduced mass of the channel b. This is not antisymmetrie wave

function. From Eq. (2.15), we obtain the antisymetric soJution of the totai

HautiUtonian H as
   , 1/' A.i

   •{Ila') = N-Y2 2i5 En Pwt• (IEC'a), (2,i6)



where N is the number of identical nueleons, Pn is the permutation operator and

e is its parity. The sum over n extends ail possible perrnutations of N partieles.
 n
[lhe asymptotic behabior of Eg. <2•l6) is

    ga) •x. Åë?. N-yi ;i eyv PrL (gE.EeA)

          .p 21i7 N'yaeaTb,x 2""a Pn <3?,g},) e/rskbrbB (2.l7)

Since the sum over b includes all possible permutations, we ean replace b by

Pig in the sumand for each value of n. Thus

                                                              t kbrbB'
    g?a') n- g?a. N->(2iilil enPn <!orgiA )-ill, N'>h eftTp."bor Atlti sib9B X' .B

   • = OaN">6illleruPn <g}ctgi,, )-il"; lr,at rtilieift,, iE},gp,, -9i'lllikbrb,B. (2.,s)

  '
  .Tb•.. ---:Z N'Y2 e"'TrbP.ck,. (2.lg)
                                                '

[vhe differentiax cross seetion -icliilSA&orblcan be written as

   ' -iltC"IN" " <{YtfttSljuab" ""ii't. Z. T?nbct a== est"zzibi-:iii-S 'Tlbat 2

          =-,---•--,xx.qik\).-:/6.l,ZenrbKaf (,.2o)

 ln gq. (2.20), we sum the eross section over Pnb since we eannot distiguish bet-

ween ijbgB and P.(EbgB)• '
 2•3 Applieation to (d,n) (or (d,p>> reaction

     Tobocman gave explieit expression for the (d,p) reaetion antisymmetrizing

 protons and neutrons seperateiy. Here we give exp]-icit txpression for the (d,n)



reaction treating protons and neutrons as the sarne for the foZlowing eaicuLa-

tions. For sirnplieity, we write the operatorZnenPn aS '

             p= Ele p
                  nnnf                                                                       (2.2i)

Then we may wxite Zc-nTbpRW(NBA expzicitiy as '
                   n
                                                              '            tte.TbgX7ABA =<1>(SbDgi5bi)CkrB(b3, bu,•••,bN) (4 Vbibi pt UbiB)P

                           lk?) A(b3, bu, •' • •. , bN){E .(bi ,- b2) >r g') (bi ,b2) )

                                                                       (2.25)
Where bv b2. . . . bN in the wave function ibgB and etc. are Neqipt"afvaXenre:.nUcJ•eons.

Vblbi represents the "uwo-body interaetion between particZes b l and bi, and UbiB

vep•resents the distortiihJg 'po`i ential whieh the particle bl feeis. V!e operate
                                                             P-
the P to the inibja] channel states, and use t.he relation P= " icr/

                                               (+)
             P IS-'v. A (b 3) b u , • • •bN) E-2' a(bi ,b 2) >( a (b i , b 2 )>

                        '                                                   '                                           '          • = suT Ir S"-.---,)J a:A' (b3, B4, • • •bN)'i'" .(bl,b2) IMSf)(b,,bj)>,

where EEA(b3, . •, bN) is the normalized antislyumietrized wave function of ,

                  tt tt•ilLA(b3,. . . ,brP• Next we operate tlie P to the interaction and the final state.

                                                    '                                                     '   '            ]zG.T,D'bJll,'//'=gtt,"iiNl,jt<XÅí-')(bz)i,(bi)g,(b,,•,••,bN)

                           '                  ( l.}.J2Vblbi-ubzB) (--)1"i pblbi -'VEL-, A(b3, • • • , bN) IE.(bl,b2)><g')(bl,b2)>

                                                                         '               . Iig'-2 {2)(Åí-)(b,){E,(b,)EAIi,(l),,• 1 • l b,) (JiXll, Vbibi -Ubip)

                       -v ' (+)                       S-:'A(b3'' ' ' ' bN)liia(bx, b2)Xa (bi' b2)> '

                                                              • N -,.               + (N-2)<)(Åí-')(b3){!b(b3)!IEB(bl, b2, 'P4, • • • bny) ( g3 Vb3pi'-Ub3B)

                      :Ht,-A(b3,'. . . brl)g""i'.(bl, b2) ><g")<bl,b2)>) ' (2.24) ',

Tf we drop the $uffix bi which distigntshes betweeza N nueleons, Eq. (2,2U) becomes



  2]e.Tbp.. = V2g5i [ 2XÅí-)<Eb[liB vb. ""bA-ubB: (\ACEa.'Xti")>

            " <N-2 )<X Åí-)g[E bCIiBi vb.+vbc-ubal g""IAl.t>( g")> (2•25)

                                                       2
where x is the captured partieXe in the particle a, and C is the remainder

obtained by rernoving the partic!e b from the nucleus A. Thus the tramsition

amplitude is seen to eonsist of three direct terms and three exeahnge terms.

The first term of the direct anplitude is ealled the stripping term, the first

term of the exchange arnpiitude is ealled the knoek on term Emd the second terrn

of the exchange arnplitude is ealled the heavy partiele stripping term.

2.U Treatment of the heavy particle stripping term in DWBA

     As we have rn.entioned ingl, one Qf the reason why there have been very few

calculations in DWBA is the canceiation of the heavy particle stripping terrn

and the distorting optieal potential. 'Ne introduce the treatment of Rodberg
      5)
          Their conclvc,ion is that t,,ho heavy rpi"+•icl e stripping contribution toet al.

the eross $ection is of order$r compared with the usual stripping contribution

We explain it in detail. [Miey derived the amplitude of DWBA as '

       TgllBA =<)(g")Qbs-iB vb.+vbA--ubB! t-tt AÅë .x g')> (?'iU)

in the reaction

       a+A .(b+x)+A-b+(x+A)"b+B (2.26)
They cau the transition amplitude <)<Åí"")4E bg}B vbA--UbB gAgPa'>( g')> in TbD.WBA

                                                                         '
of Eq. (2.14) the heavy particle stripping term. If the interaetion VbA is

assumed as a one--body Woods-Saxon potential with the strength Vo equal to that

of the optical potential U                         bB

                   v       v =---sc--"                                                                  (2.27)        bA i+ ecrtsA -• roAva)/aL

and the distorting optical potential UbB is assumed as

                   v       U= o -        bB l+ e<rbB -- fo LA't)ig)/(X

.



then their heavy partiele stripping term is

              <v-b.t,, --u-,is) nxN,.-)' -X- -i. e&>,fb6B .'-b- arl<,AA"t),Y)3,.)l?!.• x <2inr,bb'ra -rbs --gf,(AH

    --=7 X <t/3iXl".iZ:tiLSitiC- -- rb3 ---ir re(A+i)ts) v.8(\7b6 - S-r,(A+x)NY)., (2.2g)

7•]he residual interaction in Eg. (2.29) increases with the inereasing target

radius. M'hese introduce into the cross seetion a factor propo,tional to the
 '
volume and thus to A. Combined with the Åíactor of 1 coming Åírom the residual
                                                  A2
interaetion, this causes the resulting heavy particle stripping cross seÅëtion

to be of order- il-compared with the deuteron stripping cross section. We remark

that "vhe heavy particle stripping term of their definition is the contribution

of the second and the third direet terms of Eq. (2.25), while the usual heavy

?articie stripping term is the contribution of the second and third exchange
                                                             '                                           --teriris of :,q.(2.25). Of course the same discussion can be applied to the psual

heavy particle stripping ealculation under the assumption that the interaction

                                                        'Vbc is a one-body Woods--Saxon potential with the same strength of the opticaZ

x)otentia) UbB.

                                          '                                                     '                                     '                                                             ,     BuL the approxtm'ation of repiacing the interaction between complex particies

Xke' y or.e--bo(ly interaction has severaa question.

                                           '
q. s'vate dependence:
                                   '   t.The potential seen in the bound state cannot be the sarne as that seen in the

scattering state. •
   ttt
b.' energy dependence of the optical potential:

ilven in the same seattering states, the potentia].s seen l)y the particle with

  /different ene]rgies are different. To avoid the energy dependence of optieal
petential we rust use the nonlocaz opticai potential Emd introduce the im6gin-

av.iy part oze the opticaJ potentiai. Xt is not eorreet to assume.that the inter-

ca'.ion between a nucieon and a eompZex nucieus is a one-body potentiai having

the same strength of the optical potential. The reason is as foUows: If we

aSpume that the interaction VbB=Vbx+VbA in Eq. (2.l4) is one-body Woods•-Sqxon

Y32



potentiai having the same strength of the optical potential UbB, we obtain

         DWBA              = o,       T

whiie TbDaWBA = <x<E)"g bgE Bi vbx li[Aiaxg+)> ean explain many experimentai resuits•

!n sueh ease, it is important to examine how much the seeond direet term or the

seeond exchange terTn contribute to the total cross seetion without assuning

that the interaction between a nueieon and a compiex nueleus is a one-body

optical potential. For this prupose our method of the calculation is very

usefui. So we eaLeulate the cross section of the second exchange term i.e. the

usual heas}y particle stripping term on the reaction ilB(d,n)12c.

  '
        '
                             7)
2.5 Macroscopic ealculation
                                                             '

     lf we dare to assume the interaeion to be a one-body type, it is rea:s,on-

able to determine the interaction type aceording to its role indueing the re-

aetion.
                                                                 '
a. [lhe interaction V                         eombines particles b and x, and makes the bound state a.                      bx

We assurne that the interaction is a Gaussian form amd that its strength is

adjusted to give the binding energy of the particle a.

b. [Phe interaction Vbc eombined pairticles b and C and makes the bound state A.

It is repiaced by a one-body Woods-Saxon potentials, and its strength is chosen

to give a right seperation energy of the partiele b frcrm the nueleus A.

c. The interaction VbA is the interaetion between particles which are not

bound, and then it is reaxonable to replaee the interaction VbA by the one-

body Woods-Saxon potential having the strength egual to that of the optieal

potential UbB.

d. The interaetion Vba is the interaetion between partieles which are net

bound. But as the nunber of nucleons in the particle a is mueh smaller than

that of the nucleus B, we cannot treat this interaction like the interaction



                                                          tlxat
VbA. We assune that the interaction Vba is Gaussian. type and"ts magnitude is

equal to that of the interaction Vbx. From the above eonsideration, the ,calcuaa-

tion of the second and the third direct terrns of Eq. (2.25) is the sarne as that

of Rodberg et al, neglecting the eontribution of the imaginary part of the opti-

cai potentiaL. !n the calculetion of the exehange axnplitude of Eg. (2.25),
                                                                           '
the interaction Vbc and UbB are the same Woods-Saxon potentiais, but the strength

of them may be different.

     Next we introduce the outline of our macroseopie caLeuiation$. The differ-

entiai c:oss seetion is derived frorn the transition matrix in Eq. (2.25) and

ean be written as

   `il{szllr`h`= ma<2NvtLi 'liX n.?sl#!igi.g,?'t)tlg'$..,.,) 2,!,t A"Rss <6ES:)(s) -,- fiPwt"'(e) --- s38b•,,6,><sD

                                                                 '            + Elt,ASIf "•Q"q"<e",b,,",)`tsQ"(g) -f 6il]kC)Q'""(e) -- fii,S.B)Åí"`la` ce)> lZ, (?.3o)

                                                 '                                                                        '                are the spins of the target and the restdual nuelei respeetive•-where J         and J       AB
ly and sa is the spin of the incident nueleon a. t[he quantities pa and vb are

the spectroscopic amplitudes of the direct and exchange proeesses respeetively

depending upon the intemal nuclear strueture, where Lb and la speeify the orbi-

ta3 angular momenCum of the bound nucieon in the initiai and finai states resp

pectively. The spectroccopic ampiitudes may be defined as '

  /' Ag?).'Lg Lij/iSIIL.;.i a(s) JBA(tsj), (2.3ia)

  ' '          AGg) s Li <'"")ai? JBc(1\ts.j.> JAc(ibsbjb) ('-) Jc-JA"j-ja '

                X[(2j+l)(21+1)(2s+l)(2j.+1)(2jb+1)))k'

                xw(JAJBjbja;J Jc) X .1, 1,i Il61 ) (2•3ib)

JBA(isj) and a(s) in Eqs. (2.31) are the redueed widths and may be defined in the

                                                                         '
forn



   'llL i, M,G )iT •6) ` e)lall < JA a v"aA M6- t"tAs zr6 Tv'te) Q s trn ,u N. 6 t"i6 -- MA')

                scptlh

                   x Cl16A<t s6) i,fe (O ,>(2rvri,<gE) YTsxx, ((S') {IEId7AMA <lj) p (2•32a)

    Ysctwt.( rbpa, 6b. dz) --- Z (sbs wtbpt N sarrrtq) a cs) g <fbx) Ys,vab<db) YsA(dx)J

                      $Xk
                      Sbwtb (2.32b)

 where the wave function Yc(r) is the radiai wave function of the partieles x,

YTsama <rbx, Ub, Ux) iS the 8Pin Wave funetion of the partieie x,llLis the spatiax

 part of the intrinsic wave funetion of the particle a, u is the Bpin eeQrdinate
 and g is the intrinsic coordinate of the nucleus A. !n Eg. (2,30), BliniOO is '

 written as ,
     et.}>Yz ce Sict.) r# JKg`' Sdrc,,A Sdrss Nt' (lkb,lfbB) \(Aoth <utbs, Nc"ix) Xts") (IRa, lraA)2 (2.33)

 where J<D) and J(E) are the Jaeobians in the transformation of the eoordinates of

 rcxA and irbx tO 1(raA and V7bB and of Wrac to iraA and IGbB respeetiveiy- They are ex-

 pressed as

   ' J(D) =( .<,.aB.) l] Ei , . ' ' (2•3ua)

                                                   '   11 J(E) =r c(Becbl') 3 ' ' (2.3ub),

                Nj • where a, b, x, A, B, and C are the masses of eorresponding partieles,a, b, x, A,

 B and C. !n Eq. (2.33)S fliiht) (ilrbB, rcaA) may be written as

          f]SbX)(xrbB, vc.A> = Ya(r.A) yzS <tr'X;xA> v(rbx>i{oo(rbx),                                                                     (2.35a)

                                                                 '          ÅífutA) (ff:brB,lc,,A) = t>4L(r.A) yiM (irN.A) v(rbA)>4..(rb.>,                                                                     (2.35b)

          f51;B) (rbB, ir.A) = (fle(r.A) y]es <r'X.A)' u(rbB)74o.lrbx)2 "' (2•35e)



    fS/ha)ibia(ff7bB'lfaA)=1'Ai2kKifix,(,i?i:,p.lla)/xx,b,(.ilMc))(iiliLiub>,4ka.rill??)YiaEa(GaC) (,.3s,)

    {IBC)Lbia (rbB,rc.A)" /Z.p,(Z.Lt!4.-AiS!va) (')"bYia('aC)YiXaua(eaC)

                             V(rb.)>91b(r'6C) YlbMb(abC), (2•35e)

    iSjt:iB)i 'ia(t{l;B, u",A) = X(i.Å}bu.-"bP,wt) (-)"b>Pia(rac) Yi 11 (SaC) '

                        , iL"bPb u(rbB)Sy4LLb(r.c) yL64Ab(ebc), a a (2.3sf)

From Eq. (2.30), we caxi write for the cross section of eaeh term for simplicity

   .{lit{I-"ct). c vs)e)il tv"or) A"ict'sa IZEi ECicta 2. (2.36)

                       '
                                                                  '

if we negZect the interference term. The notation c is the faetor independent
on or, and n(oc) is the factor due to the equivalent nucleons.

 • From Eq. (2.2s), n(D) is equai to 2J'ilalili and n(E) is equaz to (N--2)/-!Si 44

 1 We calculate the eross seetions of Eq. (2.36) on the reaction 11B(d,n)12c.

The bound states Yl(r) of Eqs. (2.35) are solved in the Woods-Saxon well by

 t.
giving right seperation energies, and the bound state S4oo(r) of .Eqs. (2.35) is

sglved in the Gaussian well by giving the binding energy of the partiele a.

(in this ease a is the deuteron). The $pectroseopie factors are ealculated from

                        8)the assumed configuration : . i
  .' iiBg.d, --o,672(g?p(tE3)2Ql'?`,te])y. t- o, '74i ({l?D(,43) aarl-ny3"))%, (2.37.)

 .' i2cg.d: (I}ls (4g ''r" j, ,
                                                                    (2.37b)
where YL[f] is the spatiai part of the wave funetion with the symmetry [f] and

the ar}gular momentum L, and aY+I2S"r is the spin--isospin part of the"wave

                          Nfunetion with the syrnrnetry [f] whieh is dual to the symetry [f], the spin '



angular momentum S and the isospin angular momentum T. The suffix under the

ritht side of the bracket is the total angular momentum. We show the result in

Table 2 and Fig. 3. From Table 2, we ean see that beeause of the very smali

Speetroscopie anpUtudes of exchange terrns, the contribution of the heavy particie

Strippin terms is very smaZl.
                                                                         1)
....[" .h':,i.gg.":,L`,:eg:iIX.;e.gO,gti,a.ry,g.O,Ik2:.ieA,,,U,),l.gi..,OVie,g..ar.)g,g:,da:gk4,,hAell.V3t`N

lilliii"4r.gugelg'#gg'::'z'tc./6.g`Ziii"gagtTIiOl.}.i6ee:l,iSllik,i'a:ifii:'l'i;li::S•i1"i`zii;hSieie.gpit./k':i.gzOi.gi'.

S,state. This differenee arises from the foUowing reasons:

   'a. The wave functions in their ealeuLation are only the produets of orbital

parts and spin parts, and have not the total angular momenturn. Then the re-

eoupiing faetors such as Racah coefficieltts and X-coefficients in Eq. (2.31b) do

not appear in the exchange term.

b. Their syrnmetric orbital wave funetion for two nueleons in the P-shell is

described as

     V <lr, , lf2)-'--- ,il-i < Yp <Sr,) + Yp (rc-)) ,

but usually it must be deseribed

     YL Rfi, tr2) = (ILp <rt) <ltp<if2).

Using the laVter type wave funetion, the spectrosÅëopie amplitude of the exehange

term reduces more rapidly than that of the direet term.
,..al,Z:.i:e,iiO:,g,ab:,e.2.gh,2.g`l]5,i}illl2.iib'6.S.gf.g,iX']gY.Wilh.gh.:C,:.9,ie.:i.:PI:ai

value of order io in the 11B(d,n)12c. From Fig. 3, the anguLar pattern of the

heavy partiele stripping term has not backward peak in DWBA because of the dis-

toriion effeet. So the main eornponent of the reaction may be the usual stripping

                                                                   .:.•.zilit.•• '.,hc-•
                                                                  S. N.



term and it may have the' pbssibility of explaining the large backward peak due to

distortion effeet. The angular patterns of the stripping and hea'ry particle

stripping terms caleulated by using harmoni,c osciliator bound state wave func-

tions are shewn in Fig. 4. We earry out this ca!eulateion to eompare with the

rnicroscopic calculation of gU. Frorn Fig. U we see that the resuits obtained by

using harmonic oseiUator bound states are similar to those obtained by using
        '
Woods-Saxon bound state about the angular pattern. However the heavy partiele

stripping eross section obtained by using harmonic oscillator bound states are

mv

tch more reduced. This tends to make the ratio ew&2(TbnC)tsstmoraner.

        Table l. Optical paraineter

the

•incidentchannei

vWro%a!b 50.0

36.o

l.5

o.6s

o.6s

71.32

10.58

1.5

O.7

O.7

-"

43.o

12.0

l.25

o.6s

O.98

The notations v, w, aR, al and b are defined by Eq. (3.l3)

R=ToA}(S , where A is the mass number of the target nucleus.

                                                        I4)optieal pararneters of the ty]pe (a) are given by Hodg•son

(b) are given by Nelson et all5).

and ro is deflned by

  The deuteron

and those of the type



Table 2. Cross sections of eaeh proeess

--.---

t,/strength

i

inAesj2
,

ilLB 12
im

ilmgggggude
of

.seetion

r

(a) (b)'

.:

(a) (b>

vDirectbx

b4.5 3.936 21.8 llO 2.78 l3.9

,vbA h3
l3.936

U.1
i

l23o, 1.22 27.U

UbB 43 3.936. lh.5 263 l.72 Ul.3

iUbB 12 3.936 16.o l88 O.148 1.7U

'

,

E.Xi$\g-Il"g.eVbaefl"V.bedeuterontintipUbBS--.s.tatei,iUbB UU.5

52.4

U3

i2

-3
2.557xlO

-3
2.557xlO

.-3

2.557xlO
..3

2.557xlO

2.31

16.6

i5•7

7.57

15.5

ls.6

-13.3

9.8U

-"
i.92xlO

"",

l9'.IxlO

-"12.IxlO

-"
i3.IxlO

-4
17.9xlO

.4
Z2.IxlO

'

.E)cek.dngeVb.. .4U.5
iO.8U.

6.05 4,4ixLo-'3. 3"4•3.gxu3r--•

,gb?,ture.,-vbcdeUteroninteubB

'52,.h•

U3

-U..93

L.gO

'6.o6

5.U8

•-

37:Lxio."3•-•

2U.gxio'3

tt

-.

D-stg,te4
iUbB 12 '1.53 2.91 o.6osxio-3 .3

l.i5xlO

[Ebe 'resuLts--(a) and' '(b)

reepeetively.

correspQnd •to the optical parameters <a) •and •(b)



Fig. 2
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                         3. Method of the calcuLation

3,l Method
                                            '

' lhe reaetion A(a,b)B is considered. The corresponding transition amplitude

ean be written as

   Tb (x = Sa lr,yxSdlrbB )(fg>"(( pt b, NCb6) < J6 M6 Sb ,yn bl V l CrA lvlA S. tM or > ')( a") ( IM , lraA ), ( 3 . i)

where JA, JB, sa and s b are the spins of the particles, and .MA, MB, ma and rnb are
their eorresponding Z-eomponents,"71Åí-) and'"X.g+) are the distorted incoming and out-

going waves re.spectively and H is the Jacobian defined in Eqs. (2.2lta) and (2.3hb).

If we use the completeness of the harmonic oscillator wave functions S4NLI[iV)lr2 the

transition amplitude (3.1) beeomes9) '

  Tbct : [I iil.l,.ril:illirbB >(B-)'(ikb,irbB) S4tv7bLbMLb(whg)ltF!il;-b V. iYrb6)

          tVb Lb tVttib

         Å~ SdY(Tbls5arcKA S,4ttL,rt,,k-El{.?t'b P, iV;b(B)< J161"IBSbfVViblVi CfA YIASq"vtNa> YAf.laM,S i}fAi( P2 rLLss)

         `SdxtrAAYtE.laM.< iiltell. V,ttraA) )(tsr)(tka,srovtN) (3•2)

                                                            '[Ehe harmonic oscillator wave funetionsYNL<t,Vv)Jir)can be written as

    !7LM.M<9, lr) = YNL<V,r) YLM "?k) ,

   '
    "fAtL<v, r) = ( 2NLiNiQk;3.Lg!.kN,.+izt>)c,!t V"'3/2 )varL 2.- s v) r2

    ' .Z(ti21)(<22LL`lt. IR)+t{!)}i. <-•2vr2)R. • • (3.'3)



We expand, the form faetor using multipole terms which correspond to the transfer

to the target with definite angular momenta by, 1 and S.

    S=J6-JA, s=sa-sb, i=be+s (3•4)
                                             .

The transition atnpiitude beeomes
                                                                    '
   i7bd = J itlliili.,,,,,,,M,,}, t Saig6SdtraA [>(SS"`(tkb? hfbB) liltll, ((fA 6 {viA ynj }Js vvtB) < g , ,m wt, is tvyts)

        x <$aSbmq-'tftb tswts) <--)Sb'lftb t"-t era',tta.}'rtlbMLbtV7"LetC'4")(sfbB, "raA) i)(a')(lka,ir.A)

                                                                 (3.5)
Using the orthogonaiity of Clebsh-Gordan eoeffieients, we obtain the inverted form

as
   G eC a,]bmL.b M `b M" ta ML`")< x,s, lza"N,)

   = U' (acQ '+)t ) tQZ (.EIT. 6 MA ,yna 1 JB lv} B) < ! s 'vri tvns l S ma ) < s a sb 'yrN a- 'rri b l s ms)

               MA Ms rc6 ;
               'Yn a za b mus sk
               sa sb rais xll} b
   x (-)- Sb+'Vnb cjaIAvnsorMA I1 ,tk> <bbUs rcjb"'SBUASLX La SaML"'VVlaija'VrlJa) ( Lbgb'VVNLb Mbl ab'ts6b)

   x SLtybL,M,.,<'gltlPi;b9, lrra)Yth'laM.('iS.tliAqVJ}rlKp)<((Lb3b)jbCiTB>lxA V (<LaSa)ja5IA)1[,tA>,

                                             '                             ' '- (3.6)
where
                                                  ttt t
                                                     '     '    <(< Lb Sb)gb Js )1sxlvK< LaEso, >>Sor JA ); AA> ' i
                                                        tt .
                                                                  '                                             '
  . A'-' t].l ",(. .L.iqvt.grvq,ttlS L`x'VVtata" zaa") ( Lb sb MLb 'Ynblab imj b) ( "." A'm3. MA iT M) (g bJs 'rnj bM6 n ,tk)

      wtaa'VVNSbMAIJtB '                                                            it  '                                                               '
••

/ •• -• 'xgajrb'sjl"MdSr >N4tfi JLsio,,< l6iRl}T. V, t'l;6)-<(yriMs$b'wtlj'lV l cfA MA• QxmtL•>` ir4M.L.M,,,< Aa,Aa V, lra'A) ,

': ,.,•s,: ':":'."'•:-'  . ,.".- ',1' 't "-"': L •,.:,.i '' , etc:'t',Lp. .1. •.'-'. I.' c, 1', ,. r: .i){l '':,'t. i' , {:,: .1 '." '`•' f" 1].

                                .. .. -i- r'
The information of the reaction type is included in this matrix element. rf we
smp over z-components in Eq. (3.6) and write Gk'bj.LbMLbNaLaMLa)(lrbB,VaA) as the

product of two factors



GxgDjg;zZsbMLBNaLaMLa ) (irbB ,}f..A )=ASIIIjlLbNaLa) . E i.

we obtain
    A(N"i'ilJ?iiaLa) . Gi,i]i.s,c2 <-)gA+3a'z'tLpt+.Q. <2L'ti)

                 ..(j.JAjb"fBiIj)iiblatfl2/ilb11ba

                 x <((LbSb)jbJB)IUlV1 ((L.$gj

defi.ning the form faetor

    4?lgl,k,t: LbMLb NT"kML") qcbB, rc.A) = ( Lb" t"tLb Lq Mto 1Qrn)

"Je neglect the $pin-orbit coupling in the

amplitude by

      (g g + i ph. (.g ai",pt,,b Lb N"Lil)e)ti Zi ja' YCooS6ifaA '>(ti-')"<"k b)rdi) S)Q ,n

                         nLaMLb
To caleulate Eg. (3.10), the distorted wave 'XU(4ig.pt-)i

      c>(sal) eka, tt"aA) = -iii/II'a}NA tt'M,.

       >(tt-i-)gkb,lrrb6) =-ek',#ii,IIB Z

                         LbViLb

where "cr' and R denote the polar angles of the

is the sphericai harrrr.onics. [Ehe partiai-distorted

a radiai Sehrodinger equation with a optical

        (da-,z +k2 - !ZittR '-- '[llt19(U(C) -- -! -lrSf!VJ

                                        rtwhereVtis the coulomb parameter lt-.--. -31t-itSeL. For

form or a Woods-Saxon absorption forrn,

(NbLbMibNaLaMia)(ltin'IfaA)' (3.7)

                    c2"ti)(2s+l)C-,.-t"/)(2dqJb1)(.DtbfO

                   "'itil;Fl.r'

               aJA )I ll >) (3•8)

                  Vt(tlfL,-ivsi.b < -iBillR;B V, "rbb) Yth'laM.SLrXl.t)ta V2 tf`vN).

                                         (3.9)
           distorted wave and define the patial

               <ss,•LbM LbNg LorMts) (lyTbB, lraA ) `XSd> (ika, tiraA> .

                                         (3.10)

                   s expanded in partial waves as

                                   'LLqXLoc qRa ,fag) 7LaMt(lt•s ktitAs)•YL:tih.ec <k) , (3,iia)

                                       '
l-Lb '>(..<kb. rbB) >(LbMtb<V";bB> YLttJILb <()b)) (3.11b)

              ve etors w' and ik • The fun etion Yl]M(")

                    wave X(kr> is the solution of

              potential U(r)

                  '>(L<Rf) '-'•: 07 (3.12)

                 U(r) we take a Gaussian absorption
                                                  i



U(r)= i+e.p\(...Ry )+ iWsx{ [-( b"'R)i] (3.i3a)
                    EiEe
or

          --=L--- WU(')=  i+exp((r-R)!.R) 'i 1tm. ((r-R)1.I)' (3'13b)

rnserting Eqs. (3.9) and (3.ll) into Eq. (3.IO) and perforrning the angular part

of the intrgration, we obtain

   Ft.,XNbLbN"ts) (s) = iil!tb eLa+Lb'e• etb-i-i)Y2• <Lb •rn t-•rn. i L or o)(-lt/l}IillXli57vay,))i! )ll AiZi ?L, Le) 1t(LN,;bLtg.") ,

                                                                    (3.iU)

where

   ie"LN,bL,N,")== i,ber,Adr,A sLtgz,L,< A".Aq v', r.A))(L,,<RctrraA) j,"/eL6drbB k7LN,L,<k.Bb VJ rb6 ) )(L,<Rb,rbs).

[Vhe functionYNL<0,Ois the radiai part of the harmonic oseinator wave functi(o3n'133fined

by Eq. (3.3). If we use the relation

   l (StS2)J,. (j35,)J,"; (s) ---i- J(rz cr,..,.i)<2 [i•,,,+i) (2s,,.i) <gJ.,+i) g•l e[•a, 3c['i l(,i,bs)J,,(s,a.)J,,,J>,

                                                            6,3 J2s J
                                          (NbLbNaLa) .
we• obtain for the speetroscopie emplitude A lsj in L-•S representation the

followin' g equation

       A (NbLb?iaLa)t Et l'(JBlLBsB)(JAt LAsA) 'Le(-)JA ' ja-i 'LA"i(2i+i)(2AL-t D

        lsj
                  x (2A,+l) (2j.+l){Ctsb't 2JA+l)(2!+1) (2s+1)t2d' -t'l)

                  X W (j.JAjbJB;i9)

I]he notation

     X LaSaja 5LaSaja

               ,       llbZbgiP. Ift2%•f,"

     x
(JBILBSB) is defined by

<( Z.b LB ) A L( SbSB )A ,!ll l v l

 LbSbjb

 LBSBJB

 A,•t9h[s I

        (LAL

the equation

A
)AL(s.sA) /(,Nb1AA J>. (3.16)



   il[f [VB MB = Zp k,B < (rB l L-B SB ) ( LB SB t"S LsMBB i gB M6) Sl L, MLB '>( s6 Ms6

CVhe matrix elenent <(LBLB)AL(SbSB)A,1MiVl (L.LA)AL(sasA)AslM> can be written as

    < (LbLB)AL(gbgB)As r AA IVi<LqLA)AL <sqSA)As 1 "A >

    t < ( Lb LB) AL (Sb 9B) As lVi (Lq LA) AL <S ut SA) As>

    = ({b 'rB 'YYitb t"1rrB i Ai MAT)(t"-TA vata MTN ATMAD <(LbLe)At (sbSs)As {tbrrB)AT lVi(LaLA)AL(saSA)As (tqlA)/Vij>

                                                                                  '

                                                                    (3.17)

Where ta, tb, TA and TB are the isospins of the partiele a, b, A, and B respec--

tiVelY, and rnta, Mtb, MTA and rq[rB their Z--components respectively. The differ-

ential croas section is then given by

  '                                                                 2   ctd`sS}.'.`:<2/t.'igt:.mh'U"Illi2 kRba-i3itlliii:'.B-'t•1li/iilla.gs,,`+t1illii/},,,.AWt!bsli'bN"L")EICptN"LbTCa"")CS) , (3.is)

Where,AAa is the redueed inass between particles a and A.

3`2 Reeoii effect
                                                                   '

•w. d.i fti.ISFsdhi.f::i"tbitLblii,f.alilijlllit:)tbhye 'natr"x eiementin Eq• (3.i7) numen..ny

       shell           <tgb LbiVrtLb: I(A LqMLa)     F

      '-'- Z ( Lb Le crrLLb M Ls 1 AL !"iAL)( SbSB'VVZsbMg6 l ,AsMA$) (La LA 'rvlta TvlLA l ALMAL)(s"SA 'rltsqtJSsAlAs!JIAs)

                                                              shell
      X < (LbL6)AL (SbSe)As(tblTB)AT lvl <la LA)AL<ScxSA)Ag(tqTiN)Al ) (3•i9) .
                                                                 '

                                               'and define F(nblbMLb:nalaMla) bY



     F <'YLb Qb tYn"b ; wt" e" rVYI Qs)

      = Z C"b L6 'Vrt gb S"IL6 i AL "VIAL)(Sb SB 'Msb V'lse1 A$ MAs)(taLt} (MeorlvlLpiiAL lvlftL)Csq SA 'VnsaIVts.1 As"!lAs>

      x <<Qb LB)AL csb%)As Ltb-rB)ATiVl CQq L-A)AL ($qSA)As C•tralA)Ai' >, (3.2o)

[Vhe wave tunctiens in the rnatrix element <QbLB)AL<stsS6)IN$CbrisYiTIVi(QorLA)ALCSdSig)XS(litTA>fVt>are

intrinsie wave funetionsEPA andi{llB.,. If we assume that:

   El2 XheU =Y...(A9, trA)gPA, (3•2ia)
   glr fihell =st...(B v,,?cB)g?B, (3. 21b)

and perform the integration over the coordinate of the center-bof-mass of the

total particles, we obtain the realtion

                                                     '
    FShell("lbLb 'yvLLb: "Tor Ls.'ntLor) = jliQ]irne,,( tr Aa "wt me(x 1La'YnLa) <L'V Qb M" 'YnAb itb'MLb)

                            Mhab'VYIas
                            " fLv et
     x ( tlA LAo o3 Lal a : A l tNv L'" 'YNa goc 3 L") ( INrb Lb ooJ Lb l b : B l R' C")ib ebJ L b> F( 'ylbQ bfrrt e,:?l.ag a'Ytltct).

The not ation ( na t, ni gi3 Ll ,vvttr 'm2I iy [ M g3 L ) is the Taimi eoefficient .(3'22)

The validity of the approxirnation written by Eqs. (3.21) was diseussed by Elliot

     io)        . We insert Eqs. (3.22) and (3.20) into the inverted form of Eq. (3.19)et al

We finaUy obtain the equation

                                                         she II
     < (Lb LB)AL(SbSs)As <tb'rB)ATlVl(LaLA) Au ($aSA) As <talA)AT )S

      = af(<ITCilFT5'i)(il g,1asP-v "N Z tg A,.-t-t> wcor tbA.LssLbAL)w cor tsALLiEN ;LptAO

                       Ma leL Mb tb '                       cr Ct' AL -
      X ( )rat lae b; La, l o. :Al N cr Mpt gpt; La ) <tlb Lb o o; Lb l b: Bl N'" LN 'ytb ib ) Lb )

       Å~ < Åílb LB)At <SbS6)As (tbTe)Al lvi<kLA)AL <saSA) As (tq'rA)Al >, (3,23)



Using shell model wave functinns for the target and residual nucleus states, we
                                                                               sheIlcan calculate matrices < (Lb LB)AL <SbS6)As(tbT6)ArrlVl (LaLA) AL <SqCA)As (tqlA) Al >

and obtain rnatriees <(tbLB)AL<sbs6)AsctblTs)A•rlvKLaLA)AL (S(xSA)A$ CtalA)AT)

in Eq• (3.16). Xf we take only one term if=L'"--'O in the surnmation of Eg. (3.23),

                                                                          'we obtain the equation

       < <LbL6)ALfsbsc)As t'h,'S'B) Ai )VKLa LA)AL ( sa SA)A$ <tq 'TIA) !li>

                '

                                2Iib+Lb S!,Qll                 2NqtLq
       = (i•-9 jililEL )T <r!Z•;'E+L!2--B )"3ir-" < cL, Ls)A.cs,sB)A$ ctbTs)Advl <L&LA)AL(scKSA)As (t&TtN)AT2

                                                                         (3•23a)

                                                                              '                   '

The removal of the center-of-mass motion of the mieroscopic calculation is

similar to that of the Åëenter-of-mass motion in the calculation of the redueed

width for nueleon clusters in the shen modelll). we show the numerieal results

for the heavy particle stripping term of the reaction 11B(d,n)12c in fi4.

3.3 Comparison our method with the usual calculation

     We show that our method is identical to the usuai calculation in the strip--

pin reaetion. We consider Lhe reaction

    a+A + (b+x) + A• b +(b+A) + b+B

[1?IFe matrix element <<( Lbsb)jb [rB)1 AA.IVbxl(( Lago.)>a"A)IM>in Eq• (3•8) can

                               '

       < (( Lb gb)Sb J'B ) IJ-k 1 Vbx.I (< LA Sot>g oc CrA ) :. AA>

       = <- )a G` 'CSA 'i c]r eA { 1,;. ssbx ) { 2 rB + i) ( ed' ts + t) <2a r. -t t) oa' a. -t- t) < tz L""e t) ( 2sa+i)

                                                                          '
       x W<5ctd-Abbas; [a=) LbgbAb <(StDt,,,<ktBb v,i(bi) cf?,,ov"r,cA)),.IV(r7bx) >b(iE,t,k(aSAA'-Yrcai)lli

                             Lx SK"x (3.2U)
                                  ,                             Lq Soaa



Where S7LNbLb(-tb+B'b7V"rtcP is the harmonie oscil]ator wave funetion including the sphe-

rieal harmonies of rank Lb and :Sl5oc ' is the intrinsic spatial wave function

of the particle a. Substituting Eq. (3.2U) into Eq. (3.8) yeilds the result as

      AE,Ka•bLbKaL'")

      . 'Le c--)La'g <i:,l{ill)s(."2iS)`X'tD JIBAasd')a<s) < (f;cN,,,< 6b+Sb p,irbe) YLe {irJcA )),,iVb )cI S"N,L. <rk,ilia P, }iaA) i">l'

                                                   '                                                                 (3.25)

F,.,.re

l:,ilih?3E.qiSsl i.3.'li.g3'iO) and (3'25), the quantity lllsii,,., A(aS,bu•LbM"") Ft`,N,,bL""T"to?e)

      irl'-'li..AS:It6.LbmaLe-)ss,q,,bLbNaL")ce)

      Wb Lb

      ' iii.1,.,,l'Lg,."-)"CL• l(i,L."li,),22,S.G,,'k> JBA as6) (x<s)

         Nb ti, ITtLb

      x Jlckra'ASartig (Yajt.Seev,rbk) yeentA))'L,in,,V<rb')c) Ydeta,,< A",A,v) tra'A)lor<ri,(x)

                                   '
      x V ttu SdraASafb6">(i iV(lii,,ks) (Lbla-rmL,,vnta strn)YFI:.L,-wt,(,'"! it:-+B Vb . rcss) YNKi,,y,,.< Aq.A.VJ rcaA) Cixfa)(vaa,i{2kA)

                              i      = -l:t!iill-.'i JeA(Es6)a<s)jmr

      x 51dstraAJaass'>(rbt'"(beb,r,s)yA"m cro(A) v(rbx) ifa (rboc) )(gbt)(ko, ilraA) ,

                                                                 (3.26)



where we use the eompleteness of the harmonie osciilator wave function and the

                                                                 '                                                                       'relation

                                                                   ttÅ} ttt
 < ( Cias1 Ls<-.Bb V, ttrbg) va CtffxA)] la'vftLpt X Vbn.i `vC•,JT.L..m,,. (ilof'i.>1}A. V,g'/bCEh,) ZILa<fiv> <Lbt 'Yrlts'YVI 1 Lai'MteL)

 =' Zl`<( Yast.b kr"dfli/sS?J iCe) YL<rsCA))lamuai vb)c l (,sN.la, tyAi, <nilleF, v7, }vl)/A> 3Eq(tfb;c)> (Lb t 'viitbc,n St.a t"N"),

  Ldrck
                                                                       '                                                                                '

3.U CaLeuiation of the ma'.rix eZements in the form factor
                                                                       '
     We use the notations <(bB)AlVl (aA)A> and <(<irgbLv(bg,rcb)Åëb<}4i)pt"`t9Sny• "ir'

SP,6 Ct"B'l 2Se•t r')ALAs pt l vl ( yt"h L. (ap, th) ,9. c rk>atet"l aSCX'i't r' su ,.,,, 2fAM 2$Ai" f" llA.A, A,t >

as the simplified form and the explieit form of the matrix el eqent <<LbLe)Ak ,

<scSs)AsCtbTs)1ltIY!(tsLA>AL"Sct9A)As(t"ti))t!>respectively. The notatlon geN3 is: the-orbital

                                                                              'part of the wave function of the nucieus B and 2rrg+IaSB+i r7 is the spin-isospin

part of the wave function of the nucleus B. CPb()t) is the orbital part of the

internai wave funetion of the particle b. rn our calciV.Lation 9b(ig) is assumed

                                                     tg.
as foUow$:

 , `Rb(vb)=(vvClta;ODveiVt},li'ilt\gO.,ON<!2isW2.jJi{;3X.',i..illi:iiO$OitiVlllilii{iiX-51ilJiFffEYi;i;:iMbot}fkiibe>trvo"partrelgb) .) (3.27)

whereVroooCVb,rc)is the harmonic oscillator wave funetion defined by Eg. (3.3). For

                                                                 'example, if the partieleb is composed of three nucleons ,
                                                            tt
    Åëb<gs,):-: g,oe t•gs B,, rt-(g,3)) Yoee (ril Vb"r2-3), .- .. .'

where Srt-ca,S) is the distanee between the particle 1 and the eenter-of-mass of

the partieles 2 and 3, and r2-3 is the distanee between particles 2 and 3. !f

the particlebis composed of four nueleons • -



     !ll) <})b) =: Y'oee <ElÅí Vb , tC,.2) Yooo <r"S Vb, tfa") `"l' ooo <Vb 2 iC(,,i)-t3J") )

      n; gjko,e <i 9b, l"--a) VoeD {•Gll-- ;V crr3 --v,2)) ("eoe <} Vb ) tr--cb2J3)) . (3.2sb)

                                                                         shgll
[Phe matrix element <<bB)AIVt(aj"CvPwritten here is the matrix element<<bB)AM(aiDA)> in

Eq. (3.27), but we remove the suffix sheil for simplicity. We give the ex--

pression for the matrix element <Q)g)AlViCaA)A> aecording to the six terrns in

Eg. (2.25)

a- V= Vbx; strippingterm

     We transforrn the orbitai part of the wave function of the partiele a as

      Sg ig7q tat\yi Lor (a v), tra), (IJa<Va)

          '

      =• : Zl abx <yt) ( 'nb' 2S 'ng lrc ; La l"S:AALl tNraL`k dvto)La) (9N,L(,bV, rcb) `llb(Pa) tytitxtxcx9, irx) (ljlc.(Pa))

  '                                                                             '                    ' '                                                     . (3.29)

                                                                       '
where
                                                                       '

       abzq{M)= SL+:,oo cct V) rfbx) \ooe gd P",IY7bx) cl ecbc, ' (3.3e)

                                                                       '
apd"<is determined by Eqs. (3.28). Next we transform the wave function of the

nUcZeus B as '
       glf Le2Lrrs +i 9 SB'-tigT ., Z < B {1 A x, > ( gl LA2rkl' l 2S"""'i r EL K. 2t)t - 2 Sj('l r7 ') L6 ss Te ,

ti6re <BiSA)c'> is the eoefficient of fractionai parantage and it is expiicitiy

written as

                                                                         '  '
        <B {IA Åí' )= <o<s LB SB Ts{otA LA SA TA Dex, h, Sx/ tJc' >. ' -
                                                                      (3.31)
 '
[[ine notation b(B denotes the quantum nunber except for the angular momentum

La'YALa.)



quantum numbers. By using these equations, we obtain the matrix element

     <(b6)Al Vbxi <aA)A)

                   '

     '-- Z CNs,g <'n) gnS gasnec ex> teq l ,Ub ' 7L( tl t"TaL"`no;La) <B{}Ax'> <Sat ail sgtb, Ebct)c><b{Aa') B)Al(b'x)cxA>A>

        ny        x af
                                                                '                             '

     * < ( sitN, Lb<b v, rc,) ",< vL)e tkt' t aS b'i lri fiittatqC" i 2Sbeg ir7),l.sVait( ( 9,,s t,, <b i?, f, ) flg <}i,:3 tg "i 2Sif' i" sEnr ,,ekcJc v, }f.) 9.< y?k)t"i 25(.'1::]. t>,,.

1]he recoupling factor in Eq. (3.32) is given by the feilowing equation:

      < b (A ')c')B 3A i (sx) eL A JA>

                             '
      : <Lb(LAZx') Ls ;Atl {}b' tX) taLA ;AL> <sb (SA scts)SB 3 As1 (Sti sx)SaSA )As> <tb(11A tr')TB 3 A"r i Ctgtr) ta-[A >AT>,

                                                          ' (3.33)

The letters a, b, . . . in Eqs. (3.31), (3.32) and (3.33) denote all the

quantun numbers of the particles a, b, . . . . The rnatrix ele!nent <(bX')alYbxS(b'X)a>

in Eq. (3.32) is the two-body matrix element in the reaetion (d,p) and (d,n).

If the partieles x and b are eomposed of more than tuo nucleons, we take 'out

Ope nucleon from the particles x and b using the coefficients of fractional

parantage and the Taimi coeffieients. The matrix eiernent <(b(f)alVbxlCb'X)oj>becorces

as'  foliows

 '

      <(bx')a. iVbzl <b'sc) oc>

       = )T'L' I bh b,< 'vt') < nb, tb, n be tb, s Lb i Ab, " i )g7b Lb 'n' o s Lb) < Sbtb{l Sb tbt la Y2 >

        b, baM

       X <(btb2)b X.'; a. i b,cb2xt) Ckl ;a)} < ba < tt rS) oc'J a,, Kb2 xDev2 xi > cL,i> < XL' {lpti 1(iE >



                                                                    '                                                                         '                                                                         N                                                                             i     x a bl bj<nij )n(b) < 'rt ts tb,"bs eb', ) tbt l ptb,: t i nb, tb, Au oJt6 ) <$stb'{l s"tb, yaya> <<Ptb-if xJ a}g'Xabav &)

                                                                          ,:" ll

     Å~ aac, x2 <nb ncx) < nptAoci Mpt2 be ; tx} kkx,t I i nx tx n'i o j U ) <,8x tsc ii S g"ts Y2 Y2>

     X <i bt ceci )t2) X. >a,. } cbE x2)a2 x,) ai> <Wt (.)Eha+tB -t- (-.)'I aa H - (..)sca-otaz ti iv}>

      x < ( <tLnie,,tba<9,ffba ) Ynrs tpti (si4Y)la)) ta21 Vb2x21 ( V"b5 Poji (9) irb2) Yonx2 ex2 <V,Irct2)) tas>

                                                                     /
      x S <l>b,<v2b)* (Pb, (via)di;b, !l II2lk*, <l)"<PtN) >(-•nxQ,xzt <xi v,irx)airx} d};x, .

                                                                    (3.3U)

where
                                                                    '      bb,b,<rVt) -- S CS•Xoo<F}))Sfbtb2) Y.,o<(g }t?b,tGbib2)alrb,b2 , . (3.3sa)

       cLb,b.<n)= i9Xoo (PP2ICbttn)Yooo<69a,NCbib2)dlrb,ba, (3.3sb)

       apt,,,,<tn) : S cl •iroo (ls' N], lrpttk) cf,Do (2r' 1"?a,ltrac, oc2)ditrxix2 . (3.3s,)

                                  '
The parameters B andy is determined'frorn Eqs. (3.28) and }-)A is the parameter

adjusted to the separation energy of the particle x from the nueleus B. ruhe

notations n(B) and n(x) is the nucleon nunbers contained in the particle b and

x'respectively. We take the two body interaetion as

                                ' '

 .1' V= Y< ra) < W -v B pif --- H PT -M pdPf) , vif +B +H+ tVl st l .

b..' V=V

    We transform the states of Lhe particles B, a and A into the foilowing

       Ille LBQIe-tri 2Se+tf7 ., Z <rB{l A,x,> ( s?L,,21TA`+l 2$P(Mr S!lti 2tJt'+} eS("'t r) L6eeTs ,

                       A' )C' (3. 36a)



        Y i"ALo. C(L 9,kr) Åë.<?.)2t"M 25aM fi

        -:
                ( in pt Ex YtS eU• ;La l AAx:Pb i NcNLaMo 3La) Ctscb (n) <Sectec{is)ctec Sb'tb')
           n b'x

         ` ( Vnxlt<Xl?) lr,c) (i,,<vbJ gtDt+1aSXtir7 YL,yLbtt,ts (b?,r,) Åëb(yit)2tb'"' 2S'b'"'iV) I.,bet.

                                            • (3.36b)
        si L,Ct'r"'iQta""ir= Z,,g <AÅícs.> ( {R.e917C't't7SC+ir ERtea2l" )LAsATA .(3.36,)

By using these equatÅ}ons, we obtain

        < (b B ) A i VbAi {a A>>

        ",,, Al]l,l ,il B,<B {lA L> < b(A`x) Bv Al )c (b A')B3 A> <A'{1cs> < b (c s) A') B' l (bg)a c .'

         cbstsa

        x (L zb <n) g 'Vkx ex la b' tb, s LcNl LA )c s iAL tfi ffa Lpt n es L") < Sa tec{l sL tx sb, tb' >

         x< <xb') a. A; Ai )c (b' A) B' ,' A> < b' (Cx'>A J 6' lCb' vaf)di CJ B'> <A{ICu',>

         X <( YNsLb ct) s7, rb) sSb( pb) 9tb+S 2Sb'i 17 lf ?x g g) t,) gat" l vb s l

        ( Vnb' gu <bp, vrb) <I)b(gec) 2tb'M gSb'"" ig ft$. ggr) ia sata >.

                                                                    (3.37)

The matrix eiement <<b})diVbgl gb'g')d> in Eq. (3.37) is a two-body

matrix eiement if the partiele b is a singie nucleon, but if the particle b is

c6mposed of more than two nucleons, we take out the single nucleon b2 frorp the

partiele b• The matrix element <<bX) dIVbg.kb'W)d> then becornes

  '                                              '  '        < (be) d l VbeK b' eb d>

        ; i2 bb,b, <vt,) yt < b) ( 7tbRb,Ttb,!b,3 Lbl xAb,: ll Nb Lb Tito ) Lb) < Sbtb{•i Sb,tb, Y2 >(2 >

          'n' M,
          b, b.Sl e

B>



        Å~ < (bib2)b g s dl b, Cb2g)e J d> cx.b,b2 <rrtt,) (rrtb, gb,\xbs tbs stb,l X,(b,'• lI hb,Lb, M't oj tbt)

        y < sbi tbi {i sb,tb, th y2><(b, bDbSsal b,(bs e)e;di)

        , ( w t (v )Se +t B .v c-)'te H t (-. )te+ ge+l M)

        'Si(Xi( Yr,,ib,2.t,,( }',ii7b2) (;t'vtags CVA rvrs>)a.1 Vb,ti l(SLrsa tbo, <V;Tifbi> `]frnsttM• <V)titrsl )) t">.

                                                                (3.38)
e. V =U( rbB ).

 ' In the numerical ealculation, we set V = l and muitipZy the finai channei

distorted wave function XLbCRbrB)by the optical potential U(rbB). Then we

                               'obtain

         < (b B)A l <g A)A>

         = Z CNb x (n) < Ntb ib 'Ax ti 5 LA l AAb: Mecl Yq Lpt 'Yl o s La ) < Sat" {l $b'tb$ztat >

         x<BeA x> < b(A )c) B sA l (b x)aA s A> SÅë\' (gb) 9b<pa)dl;b SIIiE, <tpt. t.t(xv, Kx) ipx<vh)ai{TxdE.,

                                                                (3.39)

d. V=Vba; knock. on term .
                   L
     The matrix element < CbB)AlVab!{"A)A> can be written in the following form:

       < (bB)A l Vb cNl <a A)A>

       = Z <B{ICot> <b <Cot)Bs A Kb ct)d C , A> <A {I CV >< a(C bi )A s Al (VcVd C J A >

                                                           '       >C' < ( 9'NbLb (.b S,ab )rcb ) (Pb <1'b) 2"tb't't 9Sb"hll" EIle t.ic', 2itd+l 2S"'+l P) Ra g,i.t,a

       x i Vbq l ( sl? Lis2+ b'+i 2SVtt r' `f"br,la <a g, srct) (i?a( Pa) at"'H 2S"-t'i r) ia sdtd >.

                                                                 (3.UO)



rf the particle a is a single nucleon, we set 9q<Pd)equal to l• lt is also the

same about the particle b. Xf it is not a singie nueleon, the matrix eletnent in

Eq. (3.40) can be written as the linear combination of two-body elements

        < ( ba')d j Vle ax l < bt a) d>

        =,: 'Zi <, (b, bs)bG3 dl b, (b6 a) Qsd>

          "VN Mi h th bjt

          eCasaiaE '
         Å~ (Xa,ai<'rv) < 'n at gq, Ytagtai }LcL l ,tAai:tl Na Lq Yto sLa) <C Sq'tq{i SaitTat Yz Y2>

         x < bi (aia2)a3el (bii a2)C a,,e>

         x b s,b2 <Ch') ( 'Vi b, Lb` `rtba Qb, }Lbl jLk bi :ll Ns Lb 'b/ Os Lb ) < Sb 'tb {l Sb,tb} SS Y2 )

         x < <bi b2 )b a) d 1 b, (b2 A) e > a) <cr {l at ab <b2 (a,aS) as ei (b2 ai) c o4pe>

         Å~ Yt Q)) rrt c") < W -t- (-)Sc 'I B + c-.)tc v.l t <-) sc "tc +l M ) ,

         x < ( Y` Tisit bs,< P) Vrb2) `f oft a/a eA{ ( VA , trtlaD g, Vbi a2 I( 9nyN b'2 Q b'2 ( V-?A ) trb2 ) ()L na, eq2 ( V', trai)) e Åë>

         ,( j[ 9'•vNi:i,Rbi (biS?2irbt) (ii'6tL, (i•l,) glgb,dtrbid$b, l (IRk'ia"t `'f"naitai(q}V,ir7at> `ilai(th> oiirato(iSai,

                                                         ' (3. ijl)

e. V = Vbc heavy particle stripping term

     [Ehe matrix eiement can be written as



         < (bB)AiVbCI (cxA)A>

                 '
                                                                       '
         = Z < B{ lC'a> < b (ct") B>A } (x <c'b) A J A> < A {s c" g > 5{illa (-I N.Lq(a Ya,ira)ea(v6) dtrhpkXL

         y ,h (c) < C, {l {) ts > < <D S) Ci b, Ai D Lx b)d> •A>

         x<( tlyxe "3(Vi"ts )aar {"Ntu, <bv,}rb) ($}ekslStt:b-i '2by' S!I-?lli)i}Åí i(knts,Qet {?A ecg )2 ifi E'i26,et5'e'i5b"fi fi)id s,rt a)Z

                                                                    (3.L2)

If the particle b is composed of more than two nucleons the matrix eiement

<(Sb)dIV$b"5'b')d> is expressed using two-bodbr matrix elements.

          < <"b)di 'S Vsbl C5' bJ)d>

                                            '          = Z b bib2 <'rt) ( nbi ibt 'Yt ba (bz) Lbl JLt bi : l l NTb Lb 'y} O S L a) < $b, tb" Sb, tb ca Y2 >

          X < 5(bib2)b salCSb2)c b,sd>< bt" b,b{><Y (bt bjt) bJ di I CSM)cb,sa>

          x 'vt <b) ( w gt (- )S"i B + (-) ta kl "v (-)sc+kcM vvt ) l Cl•;"i b, Rb,( b, V, yCbt) "bK < AD lii a} "A irb re bi

          X <j( YMlis C?A)lre ) {t•,,, Qb,( y,Aarb.)) 2.el Vsb, l( {i,•"sf{s, (VA,Irs) `V' 'rtbl RtSl(?A Xb,,]P 2c >,

                                                                    1
                                                                   (3.U3)

                                                                    .tf. V = U( rbB)
                                                                     '
     As in the ease c, we mu!tiply the final channel distorted wave funetion

>((;,b(rbB) bY the OPtical potential U(rbB)• The overlap integral <Q,b)Al<(xA)A>

in the exchange eonfiguration becomes



           < <b B)Al (aA) A )

           --' Zi,l, <B{Nc" ') <b <C a> B SA X (b `X`)d Ct 5 A> <A {I C b) <a (C b)A)At (bq)des A>

          x S Yf,Lb<bV,Xfb) 9b* <Pb) lll Lb dtrbdljb SgllL (7g N.L. (a y, ir.) e.<)2es) ci tradg,. ,

                                                                      (3.3U)

        U. Numerieal Caieulation of the heavy partiele stripping term on the

                       reaction ilB(d,ni12c and discussion '

4.L Numerieal caleuLation of the matrix element in the form factor

     As we have mentioned in fi1, the heavy partiele stripping mechanism is

shown in Fig. 2. In the case of the reaetion 11B(d,n>12c, we take a to be a

deuteron, b to be a neutron, A to be 1iB, B to be 12c and c to be 10B. Then

wave functions describing 11B and 12c for this calculation are given in Eqs.

(2•27). Since the core C is eomposed of four S-sheU nueleons and six P-shell

nucleons, the matrix element in Eq. (3.23) can be written as '
                                                               '                                                                       .t
         < (LbLB )AL ( sb S3)A$ (tblTe) AT iVbci <La LA)AL <scN SA)As tta17A )Ai Shetl

        = s- <((eNbLb (v,ir,)iEZ 1'1(r) Qstsg]"l7L-tl;I))AIAV,Astbl /'

                                                                      she"                 i[, (tN7.L.. tzv) t{:AT ) `t-oe <T;Ii VtlN,vr) " I"[a'i (IE LAc4op ia fiZt'i'i3 ])t,LA,Ai >



         -" 6 < ( (i-NbL, cp)ifrb) Q"2Ptrri llk.s c44) `iV(2i)1)) A,AsAi l Vpb

            ( `fML.,<2v, s(7q) Ctoe <"`2L ta,ir)t3rl(irfi illli LA(4•332aI7c4'v3]) A,A,A, {ih:i!

                                                                    (U.1)
Where Vsb is the interaetion between particle b and a nueleon in the S-shell,
 '

Vpb the interaction between the partiele b and a nucleon in the P-sheZi, and }r

the coordinate of the internal rnotion of the deuteron. The paraneter )2d

                                                                     'represents the extension of the intrinsic state of the deuteron and shoul.d be,
adjusted to the binding energy of the deuteron. The notatÅ}on(!Lkti,5+iaSr-iRtl;I.l9t2f5"i2"SitV(stiAtt,stNi

denotes the state constructed by eoupiing the two states to have the tetal

spqtial angular momehtumAL, the total spin As and the total iso-spin AT. T6-

slinplify the notatinn, we write the first term of Eq• (h.l) as F:hell(NbLpLBNaLaLA>

spd thk seqond term as *.h91i(NbLbLBNaLaLA).H Usipg,the table or'i"ahn• and-Wieri-

g6rn(l2)s we ob+.ain for the decomposition the following expres$ions:

     12c -). VOB + d:

1IB

Ei2,(i i) i' I"'[`g/zF) = ' tt

hl- ttYg(g]D(a)'31"[a)

" 10B +n

 ( di$ ci] i3 Etar) CII s (42) N3 rc4M) ) ooo

Sehts2) i3 l;tM)),,, ;v •lhrgliig ({Iivm)BI7a) lil} vs c"2) tS R430j eoo

              2
(i4.2a)

lp (43) 22 r(k)

= ',iii ri "7 t{Fpu)2ai-,-T) IIst"')3I?/fri))

         '

  --' x'!l'lii'-(EPpo)22IltKT] ill)Drcs2)i3fic4N2]

i")!ttttlltilr7(g?Ko72r/{39s[42)3ilrt'"di)iy,s)et

) t>sy,+ •irk;7' (IPpto22[tf7r SllDituli it"+F'il}) tM><z



          -•- -ii{llitsT (gpp")22t7x) gl Dtc"2) i3 Ftl))lhv, t -rfftl (lg,ptt)a2f7yl glDa t4,)3lr) lMy.

         t di (supo)2Q rff) glie[3a'i rc3-ab)iy,ve, + k (g?co221Z,) EEf t33)Y3r71r3//ty,y,

                                                                    (b. .2b)

                                                                     '

          gbcB) i2 ff4r-3) /
                                                                     '

          = ms5 ( {i;tp c,) 22 E 7) [l! Dt t") '3 ff c2])2 ,th yz - 'ilgkl ( II? pci )9 211crilJ `IE vr [4s) 3l lUz) )2 y2 y2

           + -Tikff tge[""2rto 9D[(42)i3rc2])2hy, -- wh (9ett]22e) IDll(4a)3Vgs)),y,y.

           + &.s ( illrp") 2?fii7) (iPege) itrispt),y,>t, + -ll;islg,s (llkpo)22rSllpt33J331Z3Mj,y,y,

           d`•` -Ei !l 7 ( !Il vÅí,) Ai ra {IIF [, 31 i' rt gsl) , y, y, -- ljlii- (Il?? o)a 2i?l) EP F pa] 331")2 )1 y,

                                  '
           + fi,iligiii CilE?t,)a2f' glif (sa)i3lllev2) )2y,>6 " \sl:iErif (ilifpo)ift't'fi:J IIIFts2)3ie,s),y,}i.

                                                                     '
                                                                   (U.2e)

                                                                    '

We recouple the final channel wave funetion ib(a'C)B;A> to ia'(bC)A;A> and

separate the spatial part of the wave funetion of the partiele a' into the eenin

ttey"of-mass rnotion and the internal motion using the Talrni eoeffieient. The

letters a', b, A and C in the wave function lb(a'c)B;A> represent the total

gvyantum numbers of eaeh particle. The non-vanishing rnatrix elements in Eg.

(U.i) can be written for LA -- 1 in the following form,

    FSheii(NbioN.oi) = ilt < ( Cf'dyt`iQr' i}ls t"2]i5IE47'o)sy,>hI Vbpl {E)p(4g)22 i?(f7flr) >



 pt i l<vt N*ae <LP, }ra) (i•ib (2}t?A,irra) aWA j' (I-e: (tlir- vd,w'> C7t-,o (-S VA , lr)dlr

  --- S (f• Nl:, (2 V, cr7a ) Y•eo <2 VA )lrN alrq j V a*e (-lt ya , ir ) <it io <e VA 2 lr) a Sr ).

                                                         (h.3a)
 sheUFp (NbiON.21)

:-r-

 i-2itwkT7 <( `}Nb i22r E[? f>,(42) i917ftjshl )fv, bp i 9p [43) 22rf4'3") >

 + =4rl, g' < ( 9"g }i2P SI) oi (g] i' fic4x)) is h i vb?l gEp (4 3J 27 ressu > )

 x j (f jSi. cL etS), lr,x) V-o2 <2 VAtlva ) ck rcA • S (lt oXo <t p)d , br) <f,o <rl! PA ,ir) cl iC

                                                         (4.3b)

 sheUFp (Nb30N.21)

;1 -;i;T?•:i7 <( (I-Nb 322 I7s) ilPee(,,) t3Gflil l,hy, l vgb l g?gpas)a2l"C4•v3] >

   + -2rfr!2ii{ili <(YNs3"2I?ti] lbgc4a) '3rt4ijita)ej Vebi lep[,3)2"rre"3) > S

  x S Yt,r.g2 <s2-V) "'A) Le-oci.(2VA)ira)dtVf" ' i (•l-oe <•li lj}r> (foo(-lir vA)ir) dir

(4.3c)

and for L =2    A
 sheUFp (NblON.22)

= iwh < ((+M,taQi?ss l{t Dtc42) i3 rdi))2sy, i V?b l iiEtD("3) 22 ry'"3) >



ett-

x

--

2;i?gr <(gff,laar,, [lp

S Y-laa (2 PJ rca) 9o2

 Dtttgif rig'2))2 }s y2 l Vpbl ilEiD(43 ) 22 i'{(4rii)> )

<2vA ,tcv dlra J (lpg5, (•El pd,ir) (fbo (•Y '?A7 ;r)  d}r2

(U.3d)

FshellN

 pb 30N
  ,a

22)

  1 grso
< ( Vff, 322g) ill Ds(4 g) i3 r'(4r2) j)2y,y, iVebl II! Dc"J 22ilcfi)>

"`I'

4••iicgi$7+"-- < ( YN,3 a2 F.-te D" cg2J !3 Ill4xj ) 2nvalVpbl ..--

E!fv g"J 2? K3) >)

Å~ S Y`NA2
(2 V, rcq > <+oe (2PA lrA) dtr,x

g y6", <•lt ga , ir) (,`roo <{ vA,rc>dr,

        (ij•3e)

                                              be     The matrix element FsSheil(NbLbLBNaLaLA) canAobtained by substituting

                                            shellVpb for the interaction Vsb in the expression Fp (NbLbLBNaLaLA). We use the

          '                                                                          'nOtatiOn Ep(NbLbLBNaLaLA) for the remainder obtained by removing the overlap

integrals frorn the rnatrix element FShell(NbLbLBNaLaLA) in Eqs, (U.3). If.

we insert Eqs. (U.2b) and (4.2c) intc Eqs. (4.3), the matrix element Ep(NbLbNaLaLA>

  'cah be written as a linear eombination of the matrix elements of the follow-
  L                                                             '
ing type.



<(YffbLbai{7en gl] L.{s.)2TC't 2S'tl"c•gy,))L,sATAIvbA (g,i22r SEt Li. c.k" 2TC'+i 2Sd't"(t?r)Jl zas,,iTAÅ~/

We rnay use the simple notation <(te,>AiVbpi(btC')A> for the above matrix

element.

    We seperate the matrix elernent Ep(NbLbLBNaLaLA) into tWO partS• One

of them contains only the matrix elements of the type as <(bC)AIVbpl(b'C)A>

and is denoted by ESD)(NBLBLBNaLaLA) and the other eontain$ the rnatrix eie-

ments of the type as <(bC)Al•vbpl(b,c')> (c'lc) and is denoted by ESND)(NbrLbLB

NaLaLA). If we take the interaetion depending enly on the relative distance rbc,

                                                         (ND)as we made in the macroscopic calculation of g 2, the terrn Ep (NBLbLBNaLaLA)

va4ishes. But as we shall see later (see Table 6), aceording to this miero•-

seopic calculation using the ant'pu'symetyized wave funetions for the target and

residuai nuclei and the two--body interaetion of Rosenfeld type, the term ESD)(

NbLbLBNaLaLA) vanishes. If we express the matrix elements<(bC)AIVbpl(b'C)A>

        'using two-•body matrix elernents, we obtain the final resu)ts such as Eq• (3.h2)

expressed by the linear eombination of two-body matrix elements for the term

Ep(NbbbLBNaLaLA)'

     Zn the step of this calculation, we show the intermediate states appearing

in this calÅëuLation in Fig. 5. The matrix elements Ep(Nbl,bLBNaLaLA) are exPreSSed

in terms of the two--body rnatrix elements in Table 3.



Fig. 5 !nterrnediate States
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Table 3 Representation of Ep(NbLb!JBNaLalJA) by

                ' matrix elements'

twor-bdq. y

l

E}FbrbtoNaoD EfNP?NbN.twol)/.- te)(".,evor21) Ets?b{NblblV7,lt) Eli9}N,,oNl,20-) 4NDIN.loK2Z

<{.Y-N,lki•,,ll,kt,lvN(.tf,,V,,},Vt1>'(cu..,lp.D,lt,w1C"-oi(tol)tVti>

<L"Niy,i)iVtiIViLCI-ol"-ot]zltl7

-20
-- 6o

-- loo

l-2233-ll

-- 2932
-4494
-- 6254

-620
E)24A2
-l822

2420
6270
9310

-l700
-- 357O

5270

<Ct+Nbigoi)bhiIV1C`"eiLip,)oVltj7
<{.CiNbi'+e,)iVNz1VlCttoi4oi)ih2

<[.`+NbtgeiSilxztvi(t}oi("oil]zhz

-- 16
-- 48
-8o

40
-6o

20
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In Table 3, the sptn-isospin wave funetions are defined by

         N= -it <Br7 ".."33r -tFi'r --33Nr ), (u.4.)

         lt,.=iv3r -- (s- 33r>, (u.ub)

          n3=-a•- <3ir -•- rs S3r +ss- t's-' -- 3i3I" ), (u.ij,)

          h". .lj.- (ttr .wB,srr"fi-3ir --333r ), (4.ud)

           Asxt(eer+g3ir+rs'3r -3"r ), (4.u.)

           itc "- 'i (33r "rs i5r ). ' (4.uf)

              (D)For example, Ep (NblONaOl) is defined by

                                l           E{?e)CXbNoNTeJet> = rm:.a z"3,rg•.B ('" 2o<<9Nbl 9ot)oniivl(yoiVo,)ont>

                                      '

            - so < <`itgbNVot)thslV1 <"o}Yei)iht> •-- 6e <<Y"rbnVo, )2htlY1 Csce,gos)2 lti>

            -' i6 < (YNbtYbi)e VhiVl <ge! gbt)ett2,>' "` `+s < (scbrbiVoDi h;lVl("e{ge,>t h2>

            `"- SO< (Wgbsyet)2 Vla vl '<gai go, >2 hb) . ,

     We cheek on this step of the daleuXation in the fonowing way.
                                 sl                                 F•a. We have used the relation that the/rnatrix elements<(bC)AIVI(b'C')A> are

expressed by the linear cornbinations of the two-body interaetion. If we make

Phe interaction Vpb equal to unity and the parameter v equal to vA, we obtain

         <((ftt,Lba2 r7 gEr..cs2,')gcM aS"M fi GEiiltAsAftA l (<f,t22 r' {I! ec c{,,,STC'+t 2SC'"l fi g,f,)) LAsAT,>

                                                                    '                                           '                                               '                                                                    /
                                                          t.                                                                    '
          = SNbb gLbt 8LeLcf 5sc5ct 5"TcTei S ckcl3(-{re') .

For example,to obtain the results in Table 3, the foUowing relation was used.



<

=

(9os22

-sYl i s

 -" 2S

 t il

r 'E'L$c42) i3eca))i vay.Ivpbl(gD,27 rr fists2) i3"(&))thy. >

< <`"FDi{•i•oi)o}1llVebl CY•Dt 9ot)e h}) "l' lS< <`"ei 9teI)lhi l Vpbl (9toi `)Ce ,)l hi>

< <go} got>,. Vl4l Vebl (9oi9"t)a. Vli) + 4< <`fol `ttD})ohz i Vebl C4{bi Y•b{)o"z)

< < sc,tgbDiAzi V?bl <(ILot <itoi)"li> 'f 2.e<<`foi(fDi)ahz Vpbl <{tbt(i-oi)2Vl2))

.

To examine whether above relation is correet o• r not, we set Vpb=l. Then the

above equation is exaxnined to be correet, as its right side is unity. .

b• We express the matrix element Ep(NblLhDLBNaLaLA) by the two--body matrix eleTnents

of the type

 < <y. N" v,l ).2'r tl aS+S l" l v?b l <g ,} g,} ) L. 2 'T +ns+t r7 )

OvÅëing to the symmetry of the wave function C("DicgooL9rrti2S"+iT" ,the

two-body rnatrix elements such as

 '
 < <`+ Nbs Y cTl ), " r 1 V?bl (l<eb, gbi )S i r> a"d <<<ki,i Ct ,! )"3 S'7 N Svi, b K(l,f (", t) "3e ) e-t e .

                                                                   1
are not contained in the matrix elernent Ep(NbLbLBNaLaLA)'

     Finaliy, if we take the two--body interaction

       v(.). < vw +Vc ((sryqrr2) + Vt (lri•T2)+ Vg•,t <clS•e;r)clt •7rz))8(r)1 (u.s.)

        f(r)= vo eb"liiZ, (L.sb)
the matrix element FShell(NblbLBNaLaLA) becomes as followes: '



EpfD)Sh<eNi }bto "iTA os)

= -tllZif"!l:2`e3 r3E.7 i ('-3bVw +24 Vif)Sli +' <'btos+ 72 vs)Rl t (-lsovw 't" mo Vc ) Dl)

xl S (ki!.i" <29, rca) Yto (2PATffa )dlfa SVIo <t V6) nc) Ybo ('2 PA, lr) dlr

--

 S (-ta (2 p, lc.) C"oo <a pA ,lra)dlrq i Y•go <'Sa" N?a )lr) {+ ,o (-L. v?A, lr) dlr i 1

                                       (U.6a)

FrpWD> g(hnti,o N.oi)

                                    7
 :: -' I-Z[iili-lti;ig'Ii5-:;s3 •o i "8Vw +6{V<s' -S4VT -t-s-4 VTd ) $'I + (--2.7Vvv-IS3Vo- •-sl V7•--2e3 V,tl•) fl;

-• <a Vvv ', 87 V<s' +BSVr' 'i' l;'l3 Vcr'r ) Di) '

X iSCIgtsil:o (2V, ma) (;S•,, (2 s?A,lrdidSC5 V,*, (t Vd , g') <i-bo (-liir 17A,lrL) dtr

  - i `fifAb Qv)rcA) YDo<2VA]ira) dtrrq S(it,ir (-it }2A,ir) 9io(,lr YA ft"l> dirJ ,

                                       (4.6lo)
fipgD)SheU (Nb lo NTa2i)

                          '                                        '
at s" ,f`T 2i As 3 . s"i l <- 4eO88Vw+ 4Joo8Vcr) $il + <-it,2s6 Vw-?,I7(yf> Pii

                    '+ (- s, sso Vw " toj 2t2 vs') Dl3 f (li( 5,2 (2 p. tra) YD2 <2?A ,iCa) dirq•i SL,: ( lf Vir? Yoo(Sr VA)tr),dr

                                '                                       (U,6e)



Fp(ND)Sh(eNl•l,i. tg7,1i)

= 64cr lssra ts .o { ('"'6g4 Vw+2)6tCVc -tb 4. 32Q VT -t6J 4tS Ya'r) Sl

                               '                                       '+ (i )o2t Vyv -• g, 3s'2 V<r-6J IS6 Vr -- lg) `1;8g V<rr) P"+ {-342VN+S`il q36Vlr't'Ui36Vr t2V7iV/1)t !i)

                      '
Å~j (+Na*2 eV2tta) ("oi(2vA)sra)dira•J Yo*o <-ii i2d,ir) Yoo(-lf PA)ir) dtr,J

                                       (h,6d)

 shellFp (Nb go tca ii)

= i6 z gi lk 7 ( tSOVw + 6oiVs •n as vT -• wt v{rr ) Dg

                      '
. S t+-ff.2<iv)iyrA) 9-o2as?A)ira) dlra'Sko*(lr V?a,ir) 9oo('l[ S?A)ir)diV"•,(k,6.)

     '
Fp(D{33:'"o Nq2g)

                           ' 1= " Ci[' 2f3 1is s s 7 {(-, SOO Vw -" 2) 76O Vif ) Sl '

                                    tt                      '
 + "2, iero V"r -6,(6oVif) Pi' +()s, OsoVpt .... tg21gO Vf) D', l

                      ' x S Y,*fi,2(fL,>,)r,,) 9L,2<2y?A,lfra)tltra jfi Zfo.o <•!E• v)a,tr) S4oo('lz 7Ahtt6r,))dtr

 Fpqv p)S(hN",i lo br.22)

 =mbtfiri43ff.rfrs i<-1OOVvV+2)Og`OV{r'6i"soVr-to,xooVrDS'e



+<l,3sc Vw -t 1g3 "6o Ve + g, loo vT t2", 3eoVorT ) rt

-v (-vsoVw -Iip goo Vs --
 ys2o Vy -4s,seovÅëf ) Dl S

scs Yka2 (2 P, tva) `vLo2 <2 VA ) iva) ol ifa Syx, <"'it Vd , rc) S`eo <•lt )IA) ir ) ol IY'".

(4.6g)

FrpSh ec{k, 3b N a19)
         1=rTlzf-'MTgrgrpt7-6nBg

<3,zv s'o vv" -1, ftneV(f -- !;,' )3oVT -tD,3s'oVbrv> t)S

,S gM"Ai C2V,re,> SPei <2>?A,IV7o)dtrcx s9,X (t Vd ,ir) (IFee <ti 9A sr) dlr ,

(U.6h)

Fshe"
s < Nrb{o viroroD = <--}

 cEr Vof be
1itf-r.Efg r,

is LteN`.o <2 V, lra)
Sc, , (2 vA,tra) difa S

g,", {S ;B, jr)

Voo <i vA ,lr)Mr f9"eo (a ?, tro,) {;Pb o<2 PA, tr) dlra •i9oT (t mpr) Yeo(i P", ir)dri

(b.6i)

 sheSlFs ( Nb l " •fforgi)

=iiiEtk{ilfliLs}?ktsS"sl•ePf ,I
(1`tS5t2. <2?, lra ) 9o2<9PA,ifra)dlra

fgo"o G VdJ Ir ) Yoe

(4.6j)

egr ,i,itr) d, '

 sheiiF ( Nb l o t<ta2!)m
  s"g vvv
-di"mrn

PPS
(fl,i Q <ez L?, uro,) Ltol<Qv,) }va)alfa

i 9of ( 'lr9a, ir') S,`b e (

      (4'i6'k)v•

t

-2
YA, Nf)dlr.

where we usa the notation for the two-body matrix element as follows

Lk= <( SkN, 1,, W, lfT, )
Yon

gvA,ir2))L \<rta) ( (foKVA,lr, ) Ye`nS PA, va))
L>.



                                                    rThese equations are the explieit expression of Eq. (3.U2) for the reaetion

11B(d,n)12C. If we pUt Vsb=Vpb=l, vd=vA=v, we obtain the non-vanishing overlap

integrals.• Frorn Eqs. (U.6a), (U.6b) and (U.6i)
                                                        5  ' FSheii(oioioi)=F:heii(oioioi)=(-)Sjsq =(-)3888 x iO' ,

from Eqs.(ij.6c), (4.6d)and (4.6j)

     F$heii(ioio2i)=F:heii(ioio2i)=(-)4fflillfg7 =(-)•Ui2g x io-5,

from Eq. (4.6f) (4.6g) and (4.6k)
     F$heii(ioio22)=Fgheii(ioio22)= grrgllseI,7- =2875 x iO-'5•

We give the parameters used for the calculation in Table U. [Dable 5 shows the

Values of Vw, Va, VT and VuT for the four types of the interaction.

                       '

U.2 Discussion about the matrix e)ernents in the form factor and the cross section

                                                                       shell                                                                            (     In table 6, we give the nurnerical results of the matrix elements 6F
                                                                       p
                  shell                  s (NbLbLBNaLaLA), for four types of the nuciear foree suchNbLbLBN.L.LA) ' 4F
as Wigner, serber, Rosenfeld and Gillet types. The matrix elements FSD)Shell(

NbLbLBNaLaLA) for the Rosenfeld interaction vanish, although the matrix elements

 shellFp (NbLbLBNaLaLA) have the same trend for four types of the interaction. To

see the damping of the matrix elements FShell(NbLbLBNaLaLA) with 'the increase of

the node Nb, we show the feature of FShell(Nb'L' bLBNaLaLA) for the Rosenfeld foree

by the solid line of Fig. 6. We alFo caleulated the matrix elements for X=O.75

and O.80. The results obtained for these vaiues of X are similar to those for X

equal to O.7•

     From Table 6, the matrix elements 4Fs(NbLbLBNaLaLA) are gf the saine order as

the matrix elements 6Fp(NbLbLBNaLaLA) in the ease of the Wigner and Serber forces.

But in our calculations, this S shell effect is considered to be small irnplicitly•

If the effect of nucleons Sn the S shell Ss large, we nmst take into aeeount the

neutron going out from S shell in addition to from P-shell. Zn other wards we must



take as the antisymmetric wave functions for the description of the target 11B(

aneisymmetric wave funetion of four nucieons in the S shell and seven nucleons in

the P shell) in stead of (antisymetrie wave function of four nucleons in the S

shell) x (antisymmetriÅë wave function of seven nucleons in the P shell).

     The contribution of the S shell in the case of the Rosenfeld type happens to

vanish due to the fact that it has only Vw term as can be seen from Eqs. (4.6i)

(4.6j) and (U.6k). We compare the result for the Rosenfeid interaction with that

of the macroscopic calculation.

     We show the results of the microscopic and the macroscopic calculation in Fig.

8. The result of the microscopic ealculation with the reasonable strength of the

two-body Rosenfeld interaction is larger than that of the macroscopie ealculation
             '
by the factor 10. But it is much smaller than that of the usua! stripping calcu-
                         .
Iation. The orders of the experimental results are few milli-barns and the

results of the usual stripping calculations are of the same order as the experi-

mental results. We ean conelude that even if we calculate the heavy partiele

stripping term microscopicaliy, the heavy particle stripping contribution on the

reaction of ",iB(d,n)i2c is very smau.

     We also find the following results. The eross section of the capture of the

deuteron into S state is ao:lqri}e a,s that into D state. [I]he eontribution of the

D state in the wave function of the 11B is very small as in the case of the macro-

scopic caleulation. Th;s result• is•• due to the recoupling factors of Eq. (3.16)

in spite of the fairly large matrix elements shown in ,Tabie 6.

U.3 Reco,il effect

     TO Obtain F(NbLbLBNaLaLA), we solve Eq• (3•23) by using the electrie eomputer

HI[VAC-5020. The results are shown by the dotted iine in Fig. 6 for the Rosenfeld

force. In Fig. 6, we show only the matrix eiements F(NbLbLBNaLaLA). BUt in



addition to the above matrix elements, many matrix elements with the same order of

values appear, for example, about 100 matrix elements in the case LA=1. The main

contributions of these rnatrix elements for the Rosenfeld force are shown in Fig.

7. These matrix elements play an irnportant role to affect on the pattern of the

angular distribution of the eross section. In Fig. 9, we show the eross sections

calculated with and without the recoil effect. In the macroscopic calculation

without the recoii effect, the form factor is as follows

     "ÅíLbC) <rcbB,Nrr.A> ,= Z Qatb Lxa-IAb1 tvrt)<-)UtsYta<raA)>IC!ii.(iaA)V(rb6) Ytb(rbB) YtblAb<i?}b6)

                      ll"Pb
in stead of Eq. (2.35e).

     We calculated the matrix elements for Eq. (3.23a) and obtained nearly the"'

same vaiues as the exaet solutions concerning the matrix elements F(NbLbLBNaLaLA)

having tlr}e same quantum numbers as the non-vanishing matrix elernents FShell(NbLbLB

NaLaLA). But we can obtain no matrix elements having other quantum numbers by

solving Eq. (3.23a). •
effeciiOM' thiS diSCUSSiOn, We MaY SaY the following conclusions about the recoil

a. The recoil effect makes the vthlue.;of the eross seetion large by the factor

about (a+A )x( b+B )= l.5 (in this case) because the main contribution to
         ABthe cross section comes from the rnatrix element F(OIO021). This can be seen from

b. The exact recoil effeet ehange the angular pattern beaause of the large contri-

bution of the matrix elements sueh as F(NbOO'll) in Fig. 7.

                              5, Concluding remarks
                                 '                                                              '

     "lhe main work of this paper is to develop' the method of the DWBA microseopic

calculation. We remark as follows:



     Application:

a. This method can be conveniently applied to the investigation about the term

which is assumed to be zero in the usual DWBA ealculation and about the heavy

particle stripping term. .
                             '
b. This method ean also be applied to the microscopic caleulation on the reaction

(t,p) pnd (d,t)ete. ' '
     Problem of the convergence:
                                                      'c. We find that , in the numerical calcuLation on 1iri(d,n)i2c, the mathx elements

                                             '                                                '                                                                         'in the form factor decrease very rapidly with the increase of the nodes of the har-

MOni9R!2CoiiiiigtfOfreel:?Ve funCtiOnS Used for the expansion of the form factor.

                                                  '                                 '
d. This method is very convenient to include the recoil effect in the microscopic

calculation. This effect makes the magnitude of the cross section large, and varies

     Cross section of the heavy particle strippin process on 11B(d,n)12c:

                                                                        'e. ,The value of the cross section of the heavy particle stripping process is much

smaUer than that of the usual stripping proceSS• From Fig. 2, the usual stripping

calculations with more reasonable optical parameters may explain the backward peak

of the experimental resuits due to the distortion effect.
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Table 4 Parameter of the harrnonic oscillator wave function

Symbo1 Meaning alue
parameter

.

theforcerangeofthe
Gaussianinteraction 2.0fm

theparameterofthe
FromtheKuruth'scalcalatioS13)

vA boundharmonicoscillator abouttheenergyofP-shell
wavefunctionofP-shell J nuelei,therangeofthe
nucleonin12cand11B e.24f.-2 pararneterXextendsfromO.69

toO.77.Inourcaleulation,
wetakex=o.7so0A=2g=o.2g

theparameterofthe C.L.LinandS.Yoshida

vd boundstateharmonic
oscillatorwavefunction

O.24fm`"2
haveusedtheparameter
v=O.213fm-2fromtheelectron

d

describingtheinternal scattering.Buttosimplify
boundstateofthe ourcalculation,wehave
deuteron takenvd=O.24fm-2

theparameterofthehar- Tosimplifythecaleulation

v
moni6oscillatorwave

O.24fm#2
wehavetakenv=vA

functionusedtoexpand
theformfactor

Table 5 Ilype of the force used for our calcuiation

--'t--t"e--- t---t'--tt'r'J--tt--t-tt-t tt"--t-Vttt'.tJ-t-Vt'tttttt'-tt'ttvt-'t'rtttt-.t.

va vT
t..+-,--..t....v..-tt-t-tt

vUT

WignerF' LO
Serber 3/8 -1/8 -1/8 -- 1/8

Rosenfeld -1110 -- 713O

-115 -3/10
--1/10



Table 6 Value of the expansion coefficient 6f the form factor

Nb Wigner Serber Rosenfeld Gillet

--Jtt.mt..

6FSD)(Nblolol)

ol2345 -2270

-858.2

'--243.0

-70.44

-i-3.09

-,- l4.55

-lo40

-393.4

Lio4.o

-141.7

-i' 4.708

-i-6.664

oooooo -302.7

-ll4.4

-- 30.27

-4.oo6

-i-l.742

,• 1.939

6Fp(NTD)(Nbioioi)

,

ol2345 l64.9

18.22

22,68

-21.98

-l3.63

-7,l24

-462.2

-- 17O.4

•- 3.808

l9,26

16.4o

-798.8

-229.9

-15.93

28.89

25.31

l5.02

-- 888.6

-219.6

-- l4.33

51.88

38.51

21.66

6Fp(NblOIOI)

ol2345

-- 2105

-- 84o.o•

-1.616

-92.43

-O,537

7,430

:l502

-563.8

-107.9

5.484

21.10

l6,19'

-- 798.8

-229.9

-l5.93

28.89

25.31

l5.02

-l191

-334.o

-l5.93

47.87

4o.24

23.60



Nb Wigner Serber Bosenfeld Gillet

o -2412 -l739 o -- 377•5
z •- 91.7 -413.6 o -l27.7

6FSD)(Nbloo21) 2 -241.0 -105.7 o -- 24.46
3 -31•93 -9.971 o 3.2

l.i. l3.88 9.263 o 6.473
5 l5.44 8.589 o 4.474

o -87.63 -- 718.5 -1087 -- 711.I
l -- 9.68 -l59.8 •- 27O.6 -l43.2

6FlgND)(Nbloo21)
2 12.04 30•37 l5•79 40.29
3 ll.67 51.68 62.4o 59.28
t4• 6.346 36.23 46.54 4o.I2
5 3•783 l9.96 26.24 21.79

o -2499 -1857 -1087 -lo88
l' -921•3 -573.4 -27O.6 -27O.9
2 •- 228.9 -- 75•33 ]5.71 15.83

6Fp(NblOO21) 3 -2o.26 41.7Z 62.4o 62.48
Z-l' 20.22 45.49 46.54 46.59
5 l9.22 28.55 26.24 26.26

o -l6.I6 -l6.I2 -33.81 -34.I7
1 -11.5] -n.48 -- 24.07 -24.33
2 -6.4ol -6.385 -- l3.38 -13•53

6Fp(Nb3002l) 3 -3,.I63L -3.I56 -6.616 -6.688
1 i4• -1.453 -1.45O -3.64o -- 3•-•73

5 -o.6365 -o.6349 -1.331 •- 1.345



Nb Wigner
+

Serber Rosenfeld GIUet

Iio Il1679
772.4 o 228.6

l l634.6 291.2 o 85•l3

6FIE,D)(Nb1oo22)
23 167.9

22.23
76.52
9.772

oo 21.70
2.313

t`i' -9.669 -ip.684 o 1.6gl
5 -10.74 -5.063 o -1.644

o -6l.o2 399•9 679•5 445.I
l •- 6.732 100.3 17O.8 94.21
2 8.001 -- 5•l5 o.' o86 -21.34 f

6FSND)(Nb1oo22)
3 8.I30 -• 22.55 p32e39 •- 34.72
4 7.508 -l6.91 -- 9.341 -- 23.88
5 2.634 -9•553 -8.509 -13.04

o 1617 ll72 679.5 673.7
l 627.8 39]e5 170.8 l79•3
2 175•9 71.37 o.o86 o.36

6Fp(NblO022) 3 30.36 -l2.77 -32•39 -32.4o
zl. -2.I61 -21.59 -- 9.341 -22.-L8

-8.Io6 -l4.61 -- 8.509 -l4.68

lo -l45.9 -l45.9 -l23.89 -123.89
l -]03.9 -- Z03.9 -88.20 -88.2o
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