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The j-DEPENDENCE OF THE VECTOR ANALYZING POWER FOR

-4_'(d;3He) AND (d,t) REACTIONS®

B. MayerT, H.E. Conzett, W. Dahme+T, D.G. Kovaro,

R.M. Larimer and Ch. Leemann -

Lawrence Bérkeley Laboratory : -
University of California
Berkeley, California 94720

Abstract :

Angular distributions of cross sections and vector analyzing powers

2

-were measured in'the OBPb(3,3He)297T1 and 208Pb(3,t)207Pb reactions

at 30-MeV. The vector analyzing powers show a strqng~j—dependence both
in the (§,3He) and (g,t) reactions. The distofted—wave Born—approximation

-, L . K o . 208
provides qualitative fits to the data for several transitions on ~ Pb.

We report here the results of an investigation that shows a strong

j~dependence of the vector analyzing power in the ZQSPb(&?He)207

208, & 207 . . . . U
T Pb(d, t) Pb reactions induced with vector polarized deuteronms.

Tl and

A number of experiments have shown that the vector analyzing power

: > > . . . . .
fqr (d,p) and (p,d) reactions with polarized incident particles depends strongly
‘on the j-value of the transferred neutron for a given orbital angular momentum

: 1,2 . . . .
transfer, ’” Recently, this property, along with distorted-wave Born-approxima-

tion (DWBA) fits to measured analyzing powers, has -been exploited to provide
spin assignments to a substantial number of states populated by these reactions

in nuclei ranging from A = 40-—187.3 Also,,J"assignments of several states in



-2- : LBL-2340

209Pb have been confirmed with this method.4 It Bas been shown that the

208Pb(3,t)207 Pb neutron pickup reaction near 12 MeV;-also, shows a strong

*>~ Since the same states can

j-dependence of the vector analyzing power.
be reached via the (p,d) reaction, either reaction can be selécted, in-

e e ) . i . ,
. principle, to provide J assignments for the product nuclear states.

The (z,SHé).proﬁon transfer reaction;-ofkcourse, provides another large 7
number of states whose J" vélues could be assigned or confirmed if the expected
similat j—depend§nce of the vector analyzing power Were_established ; and the
present 1aék oftpolgrized neutron beams makes the analogous (K,d), experiment
unfeasiblé. Oné should note that»the.j—dependence of polarization or vector
analyzing power in.protoﬁ transfer %eacfions has not yet been experimentally

demonstrated, whereas a few (d;g)and (E,n) experiments have been performed.6

Data on the 208Pb(ﬁ,t)207Pb reaction were taken concurrently

so as to extend to higher energies the study of the j-dependence in this
reaction,
“The experiment was‘pe:formed with a 30 MeV vector polarized

deuteron beam from the Berkeley 88-inch cyclotron. The target was a 0.85vmg/cm2

208

Pb foil. Lgfﬁ-right asymmetry data were taken simultaneously at two
.angles separated_by 20°, using pairs of AE-E silicoﬁ-detector télescopes .
In order to eliminate instrumental asymmetries, alternate runs were taken

" with the spin vector of the beam ofiented dﬁ and down with respect to the &
reac;ion plané,_Particle'identification was used to gate.the 3He and tritons
into separate spectra..The_beam ﬁolarization4wa§ moﬁitoréd continuoﬁsly with

. a pélarimeter.placed_downsfream of the main scattering chamber. The analyser
.uséd was 4He,.whose analyzing'power in the d-aHé elastic scattering, measufed

previously,7 was 0.974 + 0.016 -at 30 MeV and 6, = 135°. The vector polariza-

tionvof the beam was typically py = 0.52.



-3- S - LBL-2340

The (d, He) and (d,t) reactions pdpulate8 essentially the 3s1/2°
e 11
and 24 proton‘hole states_and_the 3pl/2, 2f5/2, 3p3/2, 13/2"

207

2d4,95 10y y /9
and 2f

5/2

neutron hole states in 20751 and

7/2 Pb, respectively. The angular

distributions of the vector analyzing power, A& (6), exhibit a strong

' j—dependence'fOr the 2d states pbpulated by the (d,BHe) reaction (Fig. 1)

and for.the'3p and 2f states froﬁ.the (d,t) reaction (fig. 2). The sign of
Ay(ej,for.j =9+ 1/2 is opposite to that for j = & - 1/2 over most of fhe
angular fange étudied, so thé.ease and unambiguity of j-assignment from
such measureﬁénts is clegrly demonstrated. Moreover, the DWBA calculation
gives a'good quélitative_accouht.of this effect. In the‘DWBA calculatiéns
shown in figé, ) and 2, the deuteron opticél pétential (Table I) was
éenerated by fitting.gross sections of déutéron elastié scattering from
2O8Pb at 27.5 MeV ;9' the 3He and triton optical potential parameters
(Table I) were thbse'dérived by Becchetti and Greénleeslo from a global
thical—model_anaiyéis. Act;ally, the éffect of a spin-orbit potential of

2.5 MeV in the 3He or t channel is quite negligible both on the cross

section and on -the analyzihg power. The magnitude of the calculated analyzing

power for the transition to the 331/2 state is roughly proportional to the

deuteron spin-orbit term ; but this term has a much smaller effect on the

analyzing power for & # O states.

In éummary, a strong j-dependence of the vector analyzing power
‘o 3 a.’ ] B . ; . ] . ., . .
in (d, He) reactions has been experimentally established for £ = 2 transitions
. 208 . L. . . . ‘
in Pb. Thus,. this reaction can be used to determine spins of the many

nuclear states that can be reached via proton transfer, in the same manner

as has been so successful in the neutron transfer experiments.
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 TABLE I
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Parameters used in DWDA calculations for 2°8Pb(d,3ﬂe)297T1 and

‘SO

—————

- d_ - e t_ _
V. 84.78 158.1 1159.0
ap 0.85 0.72 0.72
W 0.0 42,2 13,7
-V .
W . 23,44 0.0 0.0
sF .

I‘I l 0‘32 1014 104
a; 0.826 0.88 0.86
co 6 2.5 2.5
r__ 1.0 1.2 1.2

so _ : _
a 0.5 0.72 0.72

a)

. - ] : . .
The notation is -that of Ref. q The transferred particle 1is

boﬁnd in a Saxon-Woods potentialvwith radius r = 1.25 fm,

diffuseness a = 0,65 fm and spin ~ orbit factor A = 25, The

depth of this potential is adjusted in order to reproduce

the binding energy of the bound particle.
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FIGURE CAPTIONS

stributions of cross sections and vector analyzing power

Zi

Pb(d,BHe) 20 Tl reaction at 30 MeV and DWBA predictioms.

stributions of cross sections and vector analyzing power

8Pb(d,t)207Pb reaction at 30 MeV and DWBA predictions.
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