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MOMENTS-OF-INERTIA IN 162Yb AT VERY HIGH SPINS*

. ' R. S. Simon,+ M. V. Bau_latschik,:F P. Colombani,s
D. P. Soroka, F. S. Stephens; and R. M. Diamond

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

ABSTRACT
Two methods have been used to obtain valueé ofithe effective
moment-of-inertia of Qery high-spin (20 - 501) states populated in heavy-
ion compound-nucleus reactionms. The>162Yb nucleus studied has effective
moments—of—inertia smaller than, but approaching, the rigid-body

estimate.



It is_noﬁ well established, that the gamma-ray spectrum following
(HI,xn) reactions consists of a few discrete lines representing the last
steps of the deexcitation process, and a continuum which contains the
unresolved transitions between fhe preceding higher-energy, and higher-
spin, states. Several studies of the continuum spectrum have recently : y
been undertaken.l"..6 For mediﬁm tb heavy product nuclei (Z 2 50), the
continuum hés two components: aﬁ'exponential tail, and a lower-energy
(E £ 2.5 MeV) bump. The téil contains.the first fewvstatistical gamma
rays emitted following the neutron evaporation. ‘The bump_contains the
larger number of unresolved collective transitions that, together with
the fiﬁal discfete lines, carry off the'large amount of angular momentum -
left in the producf nucleus. The.purpoéé of this work was to obtain nuclear
moments-of—inerfia at very high spins by studying the bump transitions in

162

the final nucleus Yb.

. 40
Two reactions were investigated: 150Sm(160,4n)162Yb and 126Te( ‘Ar,

162Yb. We measured the continuum spectrum in three 7.5% 7.5 cm NaI(TQ)

4n)
detectors at'Oa, 45° and 90° with'fespect to the beam direction and.601cm
from the target. These détectors wefe gated by coincident pulses'from
‘a Ge detector at 225° to the beam and 5 cm from the target; The coinéidence
requirement with the Ge detector had two purposes: . 1) to obtain the
continuum Spectrum associated with the 4n reaction channel by gating on
discrete lines in 162Yb, and 2) to prévide a time signal to allow sepéra4
tion of pulses due to neutrons from those due to gamma rays based on their o .
different flight time.

Thé enefgy distributioh of the continuum gamma rays was obtained

from the obéerved Nal pulse-height spectra by an unfolding procedure



using a carefully adjusted response function and the measured total
efficiency curve of the Nal detectors{ with a sﬁall correction for tﬁe
motion of the recoiling préduct:nucleus. Comparisbn of the unfolded
spectra from the different Nal detectors gives the angular distribution
of the continuum gamma rays, whereas the sum of the three detectors
(decreased by about 3%) gives the isotropic spectrum. By normalizing

to the number of singles.evehts in the gating Iinés of the Ge detector,
the isotropic unfolded spectrum can be given in ébsqiute events per decay

and may be integratedbto yield the average gamma-ray multipliéity, NY’

" of the reaction. For thé.40Ar reaction at 181 MeV, raw and unfolded

spectra arebshown in Fig. 1, as well as the ratio of events at 0° to
those at 90°; | |

To obtain ﬁY’ we have summed the transitions in the unfolded spectrum
above 0.34 MeV. (the lowest energy considered to be reliable) and then added
two transitions to represent the 0.166 MeV 2°+ 0" and 0.320 Mev 4% 2" lines
of 162-va. ‘The anisotrdpy (Fig. ‘1) suggests that most of the bump transi-
tions are of stretched E2 character, so that an estimate of the average
angular momentum;-ﬁ, in thé channel can be dbtained. ~Assuming no angular
momentum is carried off by neutrons or the statistiéal'cascade, we subtract
fhe statistical transifions (all those in the exponential tail plus an
estimated'background undernéath'the‘bump — a total of v 4 transitions in
all cases) and'multiply the rest by 2h. Both this estimated'i and. the
total &Y are given in Table 1. For the 16O énq 16w¥energy 40pr cases,
these 2 estimates are in excéllent agreement with average'values_obtéined

from measured reaction channel cross sections, 2(0), using the sharp;cut-

off model, as described'previously.1 Thereforé, in these cases the

upper boundary angular momentum, Qu, given by the cross
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section measurements seems very likely to be the maximum angular

40Ar case

momentum in the yrast (collectivé) cascade. For the'iBl MeV
fhe two i values do not agree, possibly indicating a net angular momehtum
carried by the neutrons and/or the statistical cascade. For our purposes
" the 2 based on the unfolded'spe;trum is more relevant, and the maximum
angular momentum in theVYrast cascade is estimated to be about 11h
larger than this & (based on the other two céses), giving a valuevof‘
%”SOh, This number, however, is less certain than that for the other
two céses. |
Thgfe are two methods for obtaining‘effeétive moments-of-inertia,

£ to

¥, from these data. One depends on relating a transition eﬁergy, E
the corresponding spiﬁ, I, aécording to the épproximéte relationf

| Et ?(ﬁz/?ér)(41 -2). BbthAthe raw and unfolded spectrum of Fig. 1 show  .
a ra;her,sharp upper edge of the bump. This edge is found to be lower for
b_ pher;60.and low-énefgy 4OAr cases (Shown schematically in the»bottom ﬁart
of‘Fig. ;) where ieés’gngular'momentuﬁ is brought into the system. This
‘suggests that the cnergieslbf'the edge (given in'Tébié 1) can be
‘associated with.gamma.transitions between the highést.spin states in :'
the yrast‘cascadev(estimatéd abd;é). fﬁrée'ﬁalues fdr'ijﬂ%z can be
thained in this way and.are plotted on Fig..Z against (ﬁw)2 in thevﬁsuél
ba;kbending'type of plot, where hw is taken to be Et/Z. ‘Also éhown'afe‘

the moments—of—inertia of the known low-spin states in 162

comparison, the low-spin data for the isotone 16OEr.

Yb and, for
The same method .can be applied for transitions in a region of
the spectrum corresponding to £ values below which there is no‘éppreci-

able direct population into the channel of interest. This region is likely

to be below 30 - 354 for the 4n channel in the 181 MeV 40Ar case (Fig. 1)

e




since most of the populétion.with lower spins goes into the 5n or 6n
channels, but it would be less than 20h for the 16O and low-energy.4OAr
cases; Provided thére is a monotonic ihcreaée’of‘transition energy with
spin (no backbehding), a épin value for each transifion energy can be
obtained by sﬁmming‘all the transitions (less thé‘estimated statistical
cascade backgrdund) up to that transigion energy and multiplying_by two.
This method 1is épplicable between v 0.7 and 1.0 MeV in Fig. 1, leading
to moments-of-inertia given by the dots connected by a solid line in
Fig. 2.

The precediﬁg method is an_"integralﬂ one; and.thué is not very
sensitive to locai variations in the moment-of-inertia. The second method
is a ”differéntial" one, and can show such local variations. Each poinf
6n the unfdlded spectrum of Fig; 1 gives the number of transitions per
40 keV energy}interyal} The reciprocal of this is the difference, AEt’

between transition energies and is related to the moment-of-inertia by

- 8h’ dan F ‘ :
AE, =~ - 2B, —< . : 1
t 2F t dI ' . (1

where‘Et is the transition energy for which AEt i$ eva1uated. This
method also requires the full population in the channel, and thus can

only be applied below 30 - 35h for'thé 181 MeV 4OAr case. For the region
0.7-1.0 MeV in Fig. 1, 27 is nearly constanf, so that the 1ast.term |
of Eq. (1) can be neglected, giving 227/?12 A S/AEﬁ;. This procedure leads
to the diamonds and dashed line in Fig. 2. The resulfs'are in good_agree—
ment with those of thé intégral method and suggest that there might be a
local increase in the moment;of—inertia around (hw)> %;0.2 MeV2 or

Et v 0.9 MeV. This poséible rise can be seen difectly in both the
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unfolded and’ raw spectra of Fig; 1, but it is not cléarly outside the
present uncértainty limits. The power of this method is that changes in
the moment-of-inertia can be recognized directlyvfrom irregularities in
the spectrum, thereby providing a simple means to.pick out regioné of
particular inteiest. ‘In addition, it is possible to derive independent
spin values using the moments-of-inertia obtained from this method and
the corresponding transition energies.

The effective moment-of-inertia values méasured'by the techﬁiques_
described above are compdréd in Fig. 2 with that of a'figid diffuse sphere
of mass 162, hgving an equivalent r.m.s. radius of 6.71 fm.8 The deformed
rigid-bbdy valﬁe for the moment-of-inertia would be roughly 10% larger
than this rigid-sphere value. The data above spin 20 — (hw)? ~ 0.12 MeV?

— are nearly consistent with the rigid—sphefe value; but seem likely to be
below the deformed value‘at least up to spin V40 — (hw)zﬂJO.SS'MeVZ. Since
) 162Yb is almost surely deformed, this might indicate that there are still
some pairing correlations (or other effects) at fhese spin values. which
reduce the effective moment-of-inertia below the rigid-body value. It
~will obviously be of interest to improve these methods in order to see _

-more details of these moments-of-inertia and to extend the measurements.

to other nuclei.
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TABLE‘l. Data used to obtain moments-of-inertia.

o oo R, R Fgge UM Z4o(~xn)a p,(4n) o)
| MeV . h MeV - mbarn  mbarn S h
1505, , 160" g7 17 26 1.12 540 760 36 27
126T§'+4°Ar 157 17 27 1.16 220 280 39 28
12616 +40r 181 23 39 1.40 20, 620 63 56

a

Includes 15% for charged- partlcle channels. 1In the 5n reactlon the measured 113/2
band populatlon was increased by 35% to allow for other bands. _

b 1oy = 0.67[83(4n) - 23(5n)1/ [22(4n) - 22(5m)]
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Fig.

 Fig.

'Backbehding plot for

FIGURE CAPTIONS

Raw. ([J) and unfolded (®) continuum gamma spéctra from the

126Te(4OAr,4n)162Yb reaction at 181 MeV. The larger solid

dots repreSent S channel averages. Also shown is the 0/90

ratio for the unfolded'spectrbm. ‘At the bottom arebschematic
126Te(40Ar,4h)162Yb

ISOSm(;6O,

spectra for this case (solid line), the
reaction at 157 MeV (longer-dasﬁed line) and the

4n)162Yb reaction at 87 MeV (shorter-dashed line).

162Yb. The small solid dots correspond
td the known'low—spin states of 162Yb,'whereas the open |
circles are for the isofone 1,60Er. Thé.large_dots correspond
to values derived by the integrél method from the 181 MeV
4OAr data. The triangle and square come from the 157 MeV

40Ar and 87 MeV 16O spectra using the same method. The

diamonds are values from the differential method applied to

| the 181 MeV 40Ar case. The horizontal dashed line is the

moment-of-inertia of a rigid sphere with A= 162.
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or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
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