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doublet [3s

.reactiOﬁ revealed a ddublet at an excitation energy near 2.65 MeV in

nuclei in this region, its appearance in
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‘In addition tb the octupole transitions to the apparent weak-coupling

—l, Pb2063_] at 2.62-2.71 MeV, three other strong octupole trah—'

1/2
sitions to nearby states are observed in the inelastic scattering of 20 MeV

205Tl. Two of these extra states, at 3.21 and 3.26 MeV, may arise

[253/2‘15 P20037)

protons from

from the ' configuration. It is not likely that the other

ttansition (2.48 MeV) can bé described by the simple weak-coupling model. .

205 205Tl

Tl(p,pf)

. The study [1] of iscbaric analog resonances in the
o ‘ . 205

T1. Its
positibh, resonant structure, and absolute cross section indicated that it

arises from the weak coupling of a 3s

206

1 /o Proton hole to the 37 state at 2.65 MeV

in Pb“°°. Although such weak-coupling multiplets are well known [2] in other

205Tl is surprising since the low-lying

states in' this nucleus are not well described by the weak-coupling model.
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In fact, an intermediate coupling calculation [3] which gives reasonable agree-

ment with experimental spectroscopic factors suggests that the ground-state of

205 203

Tl is quite mixed. It is expectéd to closely resemble T1, for which the

following wave fﬁnctidn was calculated [3]:

pb 0%] - 0.38 [24.,. L, 206

o : ; =1 206 +
. wg.s. = 0.88 [351/2 B 32 Pb g 1

1 206

5 /+..
f Q.gh [2d5/2 , Pb 2] 4 ...

We have studiéd the inelastic scattéring of protons near 20 MeV to

205

T1l, and also to confirm the existence of several

investigate weak coupling in
a)205

208

Tl reaction. 'Angular distributions were

2057 ana 2%pp. The ratios of the

states observed [4] in the Pbo(p,

taken over the range 27° - 150° for both
: ’ : 205 206 \ .
~ absolute cross gections for Tl and . Pb are accurate to about 17%, although
the individual absolute cross sections have errors of about *15%. The energy
’_resolution in four Si(Li) detectors was about 25 keV. The targets were thin

205

evaporated metallic foils with isotbpic enrichment (98.8% for T1, 97.2% for

206Pb). |

Angﬁiar distributions for the 0.803-(2%), 2t6u8-(3‘), 1.68h_(u+), and
._3L7T6—MeV (5—>‘statés in 206?5 are shown in Fig. 1. The spins have been.éssigned 
préviously [5]. The curves.are‘maéfoscopic—model DWBA calculations with optical
parameters détermined from the elastic scattering cross section and strehgths
détermined by ﬁormalizafion to the experimental data. Note that the angular
distributions are quite characteristic of the transferred angular mémentum (L).

Angular distributions fér five states at excitation energies of 2.48,

05

: ' - 2 ; X
2.62, 2.71, 3.21, and 3.26 MeV in Tl are illustrated in Fig. 2. The solid
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line has the shape  of a smooth curve drawh through the data points for the

- . 206 . 205, o
2.65-MeV (37) state in ~Pb. This curve matches the "T1l angular distributions
véry well in every case, and allows the assignment of L =3 (spin 5/2° or 7/2_)
to each of these levels. Other levels excited in the.(P,P') reaction will be
discussed in a later publication [4].. Several of these appear to be additional
L =3 traﬁsitions, but their cross sections are'émall and a definite spin assign-
“ment cannot be made. However, of special interest is a level at 0.92 MeV which

208Pb(p,a)205T1 reaction [L4] but not in the 2O6Pb(t,a)

205Ti reaction [7]. Comparison with the 206Pb

was ébserved also in the ?QSTI
reaction:[6] or the 2OST1(Y,Y')
 reéults>gives a distinct L = L4 distribution (spin 7/2+ or 9/2+),vwith a strengtﬂ
equal to U5% of the 1.69 MeV level in 200pp, |

The existence of so many L = 3 transitions appears to contradict the

_description of the 2.62 - 2.71 MeV doublet as a pure 381/2 hole coupled weakly

to‘the 3" state in 2O6Pb. If the ground state of 205T1'Wére simply
-1 206, + . . | e .
[351/2. R Pb 0.], this would certainly be true. However, it is possible that
, . 20
‘the extra transitions are transitions from other configurations in the 5Tl ground

state to relatively pure weak-coupling excited states.
For the 3.21 - 3.26 MeV states, this explanation is plausible. The weak-

coupling model predicts a quadruplet of states near 3.05 MeV with the configura-

"tions [2d3/2_l, 2O6Pb 37]. Such a multiplet has been observed at approximately

2
this energy in 2O7Tl via the (t,p) reaction [8] on 05

:not been carried out on 203'1‘1. The 5/2° and T/2° states of ﬁhis configuration

T1l, but this reaction has

could be excited in the (p,p') reaction via ar L = 3 transition from the

-1 206
3/2

cription of the

Pb 2+] component in the 2OBTl ground state. In a pure phonon des-

206

[ea

Pb states, this would be a second-order procesé; the strbng

W
\
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excitation of the 3.26-MeV state would thus imply an enhanced B(E3)

.[2O6Pb 3™ > 206’Pb 2+].

The 2.48 MeV state is less likely to be a pure Weak-éoupling_state;

-1 206

_ _ N
Of expected nearby states, only the [lhli/z, . Pb 2 ].

T

the proper spin; its»zero—order energy is 2.28 MeV. The excitation of this

Jo~ configuration has'.

configuration from the calculated'ground state should be weak.

Another éxplanation for these strong L = 3 transitions, of course, is

-1 206

.the possible admixturé of the [3sl/2 s

Pb 37] component in 5/2° or 7/2 states
whose dominant structure may be unrelated to the 3~ state in ?Q6Pb. This is b

especially 1likely for the 2.48-MeV state which lies close to the 2.62 - 2.71 MeV

. doublet. The summed cross section for the doublet is 55 * 5% of the cross sec-

‘tion for the 37 state in 2O6Pb; a value of 60-70% was obtained by Solf et al.

‘[1]. Their value is almost consistent with a weak-coupling description of this

-1 206
1/2 2

state is about 75%. Our value of 55% is probably too small to be consistent

doublet, since the probability of the [3s Pb O ] component in the ground

with thisvdescription; however if the 2..48 MeV_staté is included in the sum, our

ratio becomes 67%. The measured ratio of the cross sections for the two states

205

of the T1 doublet at the 60° maximum is 0.85 * 0.06, whereas the weak-coupling

prediction is 0.75, the value obtained in ref. 1.

-1 206
1/2

3.26 MeV states, the (p,p') cross sections to these states should resonate at

If the [3s Pb 37 ] component is present in the 2.48, 3.21 or

the same incident energies as the 2.62 - 2.71 MeV doublet. Expériments are
currently being conducted at Rutgers to observe such resonahce structure which

was not found in the earlier work [1].
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FIGURE CAPTIONS

Fig. 1. Differential cross sections for excitation of several lbw'lying states

in 2O6Pb from protdn inelastic scattering. The curves are DWBA calculations.

Fig. 2. _Différential cross sections for excitation of several low lying states

in 2971 from proton inelastic scattering showing L = 3 angular distri-

butions.: The same curve has been drawn through all five distributions; it

has the shape of a smooth curve drawn through the data points for the

2.65 MeV (37) state in 2065,

-
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: :

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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