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. ABSTRACT

Thé effects of particle-vibration coupling on the_reaction

20Tpn (4,p) 29

t,p
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Pb.and its inverse reaction are estimated. It is found that

_ the effects are generally small although they are not negligible for some

final states.:
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The purpose of the present note is. to estlmate the effects of" the

207 )209

octupole core polarlzatlon on the reaction Pb(t, Pb and the 1nverse

)209

1
reaction. R1edel et al. analyzed the reactlon 20 Pb(t Pb assumlng pure

conflguratlons both for the target and final nuclel, and compared the calcu—v
lated cross sectlons w1th the experlmental results Thelr relatlve cross
209
Pb agrees. Well Wlth the eX-—
periment, but the one to the.second excited state (J15/2) is smaller than the

experiment, i.e. ~ 1.k, ’The.alpha decay phenomenon has ‘a similar

Gexp/otheo' v
characteristic aSjthe two nucleon transfer reaction. The relative alpha in-
tensities from the isomeric state of 211Po was analyzed by Zeh and Mang

207.

The relative decay rate to the i state of the daughter nucleus Pb

13/2
calculated by them is.very much smaller than'theﬂexperlment.' Recently,
Mottelson3 has discussed-pheonomena in which the coupling of & single
particle state to the collective octupole vibration in 2O8Pb plays an im-
portant_role. Accordingzto hls lectare, thé single neutron g9/2, jis/g“and
1 _ ' ] ¥
113/2 states are descrlbed as

= N 3 '—. )
. l9/2> 0.96 |g9/2) +0.27 .I(Jls/g, 3-)9/2

[15/2)

0.82 |3,5,,0 - 0.57 |<g9/2, 3-)15/2)

|13/2) = 0.95 |i.2t

13/é_> - 0. 30 |(f 172 3-)13/2)

- If we neglect‘small admixtures which involves the spin flip, other states are

expected to be rather pure single neutron states. In order to see if the
disagreements reported_ih Refs. 1 and 2 are due to thelneglect of the

octupole core polarization.in their calculations, we intend to estimate the

207 )209

Pb and its 1nverse react1on

effect on the reaction Pb(t,
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For a simplicity, the effect of the inelastic processes in the transfer
reactions will be neglected in the present note.

As is well known, the octupole vibrational‘state is described mainly
by a linear combination of many one.particle—one hole configurations. Ne-
glecting the blocking effect, we used True's wévevfunctionhv for the 3- state

208

of Pb in the present work. If both the target and residual nuclei are ex-

pressed by a type of the wave function mentioned above, four kinds of transfer

209Pb( .207

processes are possible. Let us consider p,t) Pb reaction in which the
final nucleus is in i3/2+ state, as an example. In this case, the four pro-

cesses are described as

= _ . =1
Process A = |g9/2 ) - [113/2)

, L . ' e —1 :
Process B = |g9/2 ) > |(f7/2, 3—)13/?)
Process C_= 1(315/2’ 3-)9/2) > [ilg}é ?

Process D = |(le/2, 3-)9/2) = o ](f,r;é, 3-)13/2)

and are illustrated.in Fig. 1

Structure amplitudes for fhe two neutron tranéfer reactions have been-
calculated based on the harmonic oscillator wave function and tébulated in
Ref. 5. Wevused those values for oscillator constant ¥ = 0:165, and cal-
culated the projected wave functions which are to be used in the DWBA cal-
culatiqn. Figure é‘shows the projected wave function for thevabove example
with the angular ﬁomentum transfer L = 2. Dotted ana solid curves represent
the projected wave fuhctionsvwith and without the’core polarizétion, re-
spectively. .In this case the change of the projected wave function is quite
large, but for the most other cases the éhanges due to the core polarization

are very small. To get a rough idea of the change in cross section, we tried
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‘the DWBA calculatlons, taklng the 1n01dent partlcle energles equal to 20 MeV.

Optlcal parameters are taken from Ref. 6 and T. In Table I the ratlos of the-
calculated cross sectlons w1th and w1thout the core polarlzatlon are dlS— |
played. Enhancement(factors are rather small, because the only particularv
configurationev(particle or hcle state.ie séecifieé) rn the ée state ﬁave
fﬁncfionvcan contribufe to the transfer reaction. Tﬂere are‘uccerteinties.con—
nected with the'ﬁare funcrione‘of the target and residual nuclei, the para- |
meter velues~cf tritoﬁ.and protoc.optical potentieis and the use of a hermonics*

osciilator wave fuﬁction. However we may conclude that changes of the two

nucleon transfer reactlon Cross sectlons due to the octupole core polarl—

':zatlon w1ll be generally w1th1n 207 and th depend on_the final states.

In the cases for whlch final states are 315/2 and 113/2 tates; the.changes

of the cross sections are larger compared with other cases. The reasoﬁ'is

that some of the new two neutron configurations which are picked ub in
processes (B) and'(C)vin Fig. l.have larger overlap with the triﬁon ware
function than the original ones ‘in the type (A). For the 113/2 final state,
the original two neutron configuratron is g9/2 il3/2’ enq one of.the new
configuration is.f7/2 p3/2. The latter has much larger over}ap than the

former with a triton, and the admixture of p37é gg/é configuration in the .

3- state wave function is rather large. Finally.we could say also-that the oc-
tupole core polarization acts to reduce the dieagreemente reported in Ref. 1 .

and 2.

One of the authors (K.H.) would like to acknowledge the hospitality
of the University of California, Lawrence Radiation Laboratory'at which he has

stayed during the summer of 1969.
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Table I. Ratio of the calculated cross sections with and without the core
polarization.- Incident energies are taken to be 20 MeV for both reactions.

Pb(i,p)

209Pb

final L ~ag(with c.p.)
state o(without g.p.)
g9 /2 5 | 1.01
11122 5 1.00
'jls/e -8 1.09

2% (,£)%
final L o(with c.p.)
state o(without c.p.)
-1 '
-1
f5/2 3 ‘l~07>
5 1.02
T. 0.98
-1 .
P35 .3 1.06
5 1.03
., =1 '
113/2 2 }.17
b 1.0k
6 -0.91
-8 0.83

10

did. not calculate
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FIGURE CAPTIONS

209

Fig. 1. Four contributions to the reaction Pb(p,t)207

Pb in which the

final nucleus is in 13/2+ state. The hatched line, thé solid circle and
the dotted.circle représents the Fermi level, a particle-hole cOnfigura—
tion in the 3- state wave function and the two néutrohs which are to be

picked up in the reaction, respectively.

Fig. 2. The projected wave function for 209Pb(p,t)207Pb reaction in which
the final nucleus is in 13/2+ state. Dotted‘and solid curves re-
present the projected wave functions with 'and without the octupole core

polarization, respectively.
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