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the pertinent theoretical conversion coeScients com-
puted by Hager and Seltzer. '

%'ith the new value for n, the Mossbauer cross sec-
tion for resonant absorption LEq. (1)$ is os ——(1.40
&0.05))(10 " cm, 6% higher than listed in the stan-
dard reference tables of Muir et al." on the basis of
earlier data.

"A. H. Muir, Jr., K. J. Ando, and H. M. Coogan, IrIossbauer
Rffect Data Index 195g—1965 (Interscience Publishers, Inc. , New
York, 1966), p. 126.
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Fission-fragment angular distributions are measured for the fission of Pu '9 induced by monoenergetic
neutrons of energies 150, 400, 475, 550, 600, 700, 800, 900, 1000, 1100, 1200, 1550, and 1500 keV (energy
resolution, +25 keV). Theoretical calculations are utilized to determine the parameter ICz at each excitation
energy from the observed angular distributions. The values of IC0~ rise sharply from a value of 5—6, for
neutron energies less than or equal to 600 keV, to an approximately constant value of 13, for neutron energies
in the range 1.3—2.0 MeV. The break in the E0' curve occurs at about 2.2 MeV above the fission threshold,
and is interpreted as the beginning of two-quasiparticle excitations of the highly deformed transition nucleus
Pu4'. This result suggests that the pairing energy gap is increased for large nuclear deformations.

I. INTRODUCTION

HE capture of a neutron in Pu'" produces an
even-even Qssioning nucleus. It is well known

that Pu'" has a large thermal-neutron fission cross
section. Studies with resonance neutrons have revealed
two groups of fission resonances. ' The 6ssion widths of
each group of resonances is reasonably well fitted with
a Porter- Thomas distribution, indicating a single
fission channel for each spin state. ' Furthermore, from
the measured average fission width, one deduces that
the 0+ channel is completely open, whereas the 1+
channel is only partially open. The 0+ level is thought
to define the fission threshold for an even-even transi-
tion nucleus. The above information suggests that
thermal and resonance neutrons have insufhcient energy
to excite quasiparticle excitations in the transition
nucleus Pu'~.

f Work supported by the U. S. Atomic Energy Commission.
' J. Blons, H. Derrien, A. Michaudon, P. Ribon, and G.

de Saussure, Compt. Rend. 262, 79 (1966); A. Michaudon,
Second Conference on Neutron Cross Sections and Technology,
1968, Washington, D. C., Paper D1 (unpublished).

The present experiments were initiated to look for
the two-quasiparticle threshold in the intermediate
transition nucleus. Measurements of fission-fragment
angular distributions as a function of energy reveal
information on the transition states of a nucleus as it
passes over the fission barrier. ' ' These transition states

' A. Bohr, in Proceedings of the International Cogferegce og the
Peaceful Uses of Atomic Energy, Geneva, 1955 (United Nations,
New York, 1956), Vol. 2, p. 151.

' I. Halpern and V. M. Strutinsky, in Proceedings of the Second
United Nations International Conference onthe Peacefu. l Uses of'
Atomic Z'gergy, Geneva, 19' (United Nations, Geneva, 1958),
Vol. 15, p. 408.

' J. J. Griflin, in Proceedings of the Igtergational Conference og
nuclear Structure, It ingston, Canada, 1960, edited by D. A.
Bromley and E. W. Vogt (The University of Toronto Press,
Toronto, 1960), p. 843.

' J.A. Wheeler, in Past Neutron Physics, Part II, edited by J. B
Marion and J.L. Fowler (Interscience Publishers, Enc. , New York,
1963), p. 2051.

' J. R. Huizenga, in nuclear Structure and Electromagnetic Inter-
actions, edited by N. MacDonald (Oliver and Boyd, London,
1965), p. 319; in ProceeCings of the International Conference on
1Vuclear Physics, Gatlinburg, Tennessee, 1966,edited by R.L.Becker,
C. D. Goodman, P. H. Stelson, and A. Zucker (Academic Press
Inc. , New York, 1967), p. 721.
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FIG. 1. Schematic diagram of experimental arrangement.

FIG. 2. Experimental and theoretical 6ssion-fragment angular
distributions for 6ssion of Pu~' induced with 400~25 keV neu-
trons. The solid circles are experimental points, and the lines
correspond to theoretical results with diGerent values of Eo'.
Percy-Buck neutron transmission coeKcients (Ref. 12) are used
in these theoretical calculations.

consist of collective and particle excitations of the
fissioning nucleus at the so-called saddle-point defor-
mation. In the present experiments, we are especially
interested in the first few MeV of excitation energy
above the fission threshold. In this energy region, the
eGects of superfluidity due to nuclear pairing are ex-
pected to be most important.

Fission-fragment angular distribution measurements
are a sensitive probe of the threshold energy for two-
quasiparticle excitations. In the energy region of collec-
tive excitations, Eo' is expected to be small. However,
a break in Eo' is expected to occur at an energy corre-
sponding to the onset of two-quasiparticle excitations.
The fission-fragment angular distributions for the Put"
(N,f) reaction are rather insensitive to competition
from neutron and y-ray emission and permit an un-
ambiguous determination of the excitation energy
dependence of the transition spectrum.

The fission-fragment angular distribution is uniquely
determined by the quantum numbers of the transition
state allowing for two assumptions. ' ' First, the fission
fragments separate along the extended nuclear sym-
metry axis; and, second, K is a good quantum number
in going from the transition nucleus to scission. The
probability distribution in direction is then equal to
the probability distribution in direction of the nuclear-
symmetry axis, which is characterized by I (total
angular momentum), E (projection of I on the nuclear-
symrnetry axis) and M (projection of I on a space-fixed
axis, which in our case is the neutron beam direction).

In all of our calculations, we have assumed the A"

distribution to have a Gaussian form characterized by
the parameter Eo'.

F(E) n exp( —E'/2EIIs) . (1)

Detailed analysis of the energy dependence of the
fission-fragment anisotropy from the Pusss (d,pf) re-

action' has given evidence of structure in a plot of Eo'
as a function of excitation energy for the transition
nucleus Pu'~. From the energy position of one of the
breaks in the Eo' curve, the magnitude of the pairing
gap 2h in the highly deformed transition nucleus Pu"'
was estimated to be 2.6 MeV. ~ However, some questions
have been raised about the interpretation of the various
breaks in the energy-dependent Eo curve. ' ' In order
to eliminate the possibility that some of the structure
in Es is associated with the (d,p) reaction mechanism,
we have reinvestigated the pairing energy of the Pu'~
transition nucleus by a study of the Pu"' (rs,f) reaction.
Because of the important implications of a deforrnation-
dependent pairing energy on nuclear structure in
general, one wishes to obtain supporting evidence from
at least two different types of reactions. Some informa-
tion on fission-fragment angular distributions from the
Pu"' (rs,f) reaction has been reported previouslys"
However, the low-energy measurements are either
missing' or in disagreement' with our results.

II. EXPERIMENTAL PROCEDURE

A schematic drawing of the experimental arrange-
ment is shown in Fig. 1. Monoenergetic neutron beams
were produced from the Lir(p, e)Be7 reaction. Protons
were accelerated in the Argonne Reactor-Physics Van
de Graaff and bombarded a lithium target prepared by

' H. G. Sritt, W. R. Gibbs, J. J. GriKn, and R. H. Stokes,
Phys. Rev. 139, 3354 (1965).

8 H. C. Sritt, R. W. Newsome, Jr., and R. H. Stokes, in Pro-
ceedings of the Symposilns on Recent Progress in NNclear P'hysics
mith Tandmss, edited by W. Hering (Max Planck Institute for
Nuclear Physics, Heidleberg, 1966).

s J. E. Simmons, data reported by J.J. Griilrn, Phys. Rev. 132,
2204 (1963).

'o P. G. Nesterov G. N. Sniirenkin, and D. L. Shpak, Yadern.
Fiz. 4, 993 (1966) English transl. : Soviet J. Nucl. Phys. 4, 713
(1967)g.
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Thai, E I. Fission-fragment angular distributions for the Pu"'(n, f) reaction at several neutron energies.

E„(keV)

150+25
400~25
475&25
550+25
600~25
700+25
800+25
900+25

1000+25
1100~25
1200~25
1350~25
1500~25

3.7'

1.066+0,014
1.142&0.021
1.108~0.012
1.128~0.013
1.148~0.011
1.113~0.014
1.132~0.012
1.111+0.012
1,123~0.015
1.128~0.012
1.122~0.013
1.124~0.013
1.153~0.013

24.0'

1.041&0.014
1.090&0.016
1.090+0.013
1.116+0.014
1.112~0.012
1.080&0.015
1.104&0.012
1.1.01~0.012
1.099~0.015
1.105&0.012
1.104~0.014
1.109~0.013
1.147+0.013

1.056+0.015
1.101&0.017
1.058+0.012
1.090~0.014
1.083+0.011
1.048+0.015
1.079+0.012
1.071+0.012
1.082+0.015
1.101~0.012
1.066+0.014
1.073+0.013
1.121+0.013

1.001+0.014
1.056+0.016
1.009+0.012
1.019+0.013
1.052~0.011
1.014~0.014
1.035+0.011
1.057+0.012
1.028+0.014
1.027+0.011
1.027~0.013
1.025~0.012
1.046+0.012

W (e) Experimental
37.2' 54.7' 72.3'

0.990~0.014
1.014+0.016
1.040~0.013
1.019~0.013
1.033+0.012
1.000~0.015
1.033~0.012
1.002~0.012
1.002~0.015
1.037~0.012
0.993+0.014
1.024~0.012
1.000~0.012

90.0'

1.000+0.012
1.000~0.013
1.000&0.010
1.000&0.011
1.000&0.011
1.000+0.012
1.000+0.010
1.000+0.010
1.000&0.012
1.000+0.010
1.000+0.011
1.000~0.010
1.000+0.010

vacuum evaporation. The neutron energy spread, de-
termined mainly by the lithium target thickness, was
~25 keV. The neutrons impinged on a Pu~'9 target
(99.7% isotopically pure) prepared by a painting tech-
nique on a 0.001-in. aluminum backing foil. The Pu"
target has a thickness of 0.5 mg/cm', and the diameter
was restricted to 8' in. by a mask.

The fission fragments from the Pu"9 (N,f) reaction
were detected at six angles, simultaneously with surface
barrier solid-state detectors (see Fig. 1). The six de-
tectors were each centered in the scattering chamber at
one of the following angles 0 to the neutron-beam
direction, 3.7, 24.0, 37.2, 54.7', 72.3', and 90.0', re-

spectively. The detectors, approximately 1.57 cm in
diameter, were located 7.30 cm from the Pu"' target.

The collimating system restricted the image of the
proton beam spot on the lithium target to a diameter
less than 8 in. With the angular spread in the neutron
beam direction and the above detector arrangement,
the over-all angular resolution was approximately 8'
full width at half-maximum.

III. EXPERIMENTAL RESULTS

The 6ssion-fragment angular distributions for the
Pum@ (m, f) reaction were measured at average neutron-

I I I I I I I I I

irradiation energies of 150, 400, 475, 550, 60O, 700, 800,
900, 1000, 1100, 1200, 1350, and 1500 keV. The beam
energy spread was &25 keV. The data for each were
gathered in a series of runs in order to check the over-all
consistency of the data at each energy. A summary of
the results is given in Table I. For three energies, 400,
900, and 1350 keV, the angular distributions are plotted
in Figs, 2, 3, and 4, respectively.

After mounting the Pu" target in the vacuum
chamber, the relative areas of the six detectors were
determined by irradiation with thermal neutrons. Kith
s-wave neutron capture, the angular distribution is
isotropic. Since the relative detector areas were deter-
mined with the target in an identical geometrical posi-
tion as that of the various runs, all corrections due to
possible irregularities in target thickness, exact position-
ing of target, etc. , cancel.

Since the fission cross section of Pu " for thermal
neutrons is much larger than it is for 100—1500-keV
neutrons, the possibility of contamination by thermal-
neutron-induced fission was investigated. The eGect of
such a contamination is to lower the anisotropy and to
give values of Eo' that are too large. However, at
selected neutron energies, the fission rate was measured
with the detector chamber alternately bare and covered
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FIG. 3. Same as caption of Fig. 2 except 900~25 keV neutrons.

I I I I I I I I I

0 IO 20 50 40 50 60 70 80 90
OH (LA B ) IN DEGREES

FIG. 4. Same as caption of Fig. 2 except 1350~25 keV neutronL
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1,20—

I I I

puss (n, f)

Eq = 600 keV—

therefore, we have neglected to make a correction for
the second neutron group.

IV. THEORY

O
Q)

'-//////////XW///r'

~&- I,IO-
THEORETICAL ANISOTROPY AS
A FUNCTION OF Ko COMPUTED

CO WITH PEREY- BUCK NEUTRON

TRANSMISSION COEFFICIENTS

1.05 —————— THEORETICAL ANISOTROPY AS-
A FUNCTION OF K o COMPUTED-
WITH BJORKLUND —FERNBACH
NEUTRON TRANSMISSION CO-

EFFIC I ENTS

I I I I I I I I
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K

g Fio. 5. Experimental and theoretical fission-fragment anisot-
ropies W(3.7')/W(90') for fission of Pu"' induced with 600&25
keg neutrons. The theoretical anisotropies as a function of E02
are calculated with Percy-Buck and Bjorklund-I'ernbach neu-
tron transmission coefficients (Ref. 12).

The fissioning-transition nucleus is completely charac-
terized by the quantum numbers I (total angular
momentum), M (projection of I on a space-fixed axis
to be designated as the neutron-beam direction), and E
(projection of I on the nuclear-symmetry axis). If it is
assumed that the fragments separate along the nuclear
symmetry axis, the angular distribution is uniquely
determined by the above quantum numbers. ' '

If a compound state (I,M) fissions through a transi-
tion state X, the angular distribution is given by the
square of the rotational part of the collective wave
fullction:

(2I+1)
Wsr zr (8) I

d,ir rcr (8) (2)

The de & (8) functions are given by'

d ir '(8) = ( (I+M)!(I—M)!(I+E)!(I—E)!)'i'

( 1)x(sln18) Ic M+2x (cost—8)2I Ic+M 2x-
xp (3)

x (I E X)!(I+—M —X)!(X+E —M)!X!—

with 0.020 in. of ca,dmium. An upper limit of 5/o of the
fission events is due to thermal-neutron fission. The
fraction of fission events induced by neutrons scattered
by the air, walls, support structure, etc. , was deter-
mined by measuring the dependence of the fission rate
on distance from the neutron source. The results indi-

cate that essentially all the neutrons came directly
from the source with a probable error of 5%.

The fraction of fission events produced by neutrons
from the Lir(P, e)Bet* reaction, which leaves Ber in its
first excited state is zero for E & 500 keV. At the higher

energies, the fraction is not negligible; however, the
anisotropy is quite insensitive to neutron energy; and,

where the sum is over X=0, 1, 2, 3 - . and contains all
terms in which no negative value appears in the denomi-
nator of the sum for any one of the quantities in
parentheses. Therefore, the fission-fragment angular
distribution offers a direct source of information on the
spectrum of quantum states associated with the transi-
tion nucleus.

The relative fission-fragment angular cross section
is given by

IiV(8)u Q Q Q I' (I; IM) W(I, M; 8) .

The first term is a partial probability of formation of
a state (I,M) of the compound nucleus from a particular
J value:

(2I+1)(Ti=J res(~)+T~ ~+»s(&)) Z-. Z. IC. .ia'"'I'
I'(J; IM) =

(2s+1)(2Io+1)PJ (2J+1){T~ q i~r( j&)+T~ q& ,
: (res))

(5)

The transmission coefFicients Ti~(E) are derived from
the optical model with spin-orbit interaction, where
J=l+s and s is the neutron spin with projection o on
the space-fixed axis. The target spin and its projection
on the space-fixed axis are denoted by Io and p, re-
spectively. The total angular momentum I of the com-
Pound nucleus is given by I=J+ Io, and the Projection
of I on the space-fixed axis is given by M. The quantity
C, ,„,~~ 0 is a Clebsch-Gordan coefhcient. The second
term W(I,M; 8) gives the angular distribution of the fis-

sion fragments emitted from the compound state (I,M):

W(I,M; 8)

exp( —E'/2Eo') (HI+1) I der, z&'(8) I'/
E=—l

exp (—E'/2E o') . (6)
X=—l

The relative cross section at angle 0 is obtained by
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summing the product I'(J;IM) W(I,&VI; tI) over all
values of M, I, and J.

I5—

V. RESULTS OF CALCULATIONS AND
DISCUSSION

Computer calculations were utilized to search for a
value of EPin E'qs. (4)—(6) that minimized the differ-
ence between the theoretical and experimental fission-
fragment angular cross sections (X' criterion). Examples
of comparisons between theory and experiment are
shown for neutron energies of 400, 900, and 1350 keV
in Figs. 2—4, respectively. On each figure, the best fit is
shown (derived Eo') as well as the angular distributions
for values of Eo' smaller and larger than the derived
value of Eo'. In Fig. 5, we show curves of the calculated
anisotropy ratio W(3.7')/W(90') as a function of
E02 for E„=600 keV and two sets of neutron trans-
Inission coefficients. The experimental anisotropy is
also shown in this figure. From the experimental error,
one can evaluate the uncertainty in the derived value
of Eo'.

Values of Eo' derived at neutron energies of 100, 400,
475, 550, 600, 700, 800, 900, 1000, 1100, 1200, 1350, and
1500 keV from the above type calculation are plotted
as solid circles in Fig. 6 as a function of neutron energy.
Values of EO2 are also given for neutron energies of 1750,
2000, 2250, 2500, 2750, and 3000 keV as open circles.
These values were derived from Simmon's anisotropy
data' in the following way. At neutron energies 1.00
and 1.50 MeV, our anisotropy ratios W(3.7')/W(90')
are 1.050 times larger than Simmon's anisotropy ratios
W(10')/W(90'). We assume this difference results
from an incorrect calibration of the detector sizes at
the two angles in Simmons's experiment. We, therefore,
multiply Simmons's anisotropy data by the above
normalization factor to give the anisotropy ratios
W(3.7')/W(90'), which were used for the computation
of E'0' (open circles on Fig. 6).

All of the results shown in Fig. 6 were computed with
Percy-Buck neutron transmission coefficients" (with
spin-orbital potential). Calculations were performed
also with Bjorklund-Fernbach neutron transmission
coefficients. " The general results are similar to the
results shown in Fig. 6 except that the value of Xo' at
each energy is decreased by about 2 unit (see Fig. 5).

The values of Eo' are of the order of 5 to 6 for
neutron energies up to 600 keV. Since the fission
threshold of Pu ~ is 4.90 MeV" and the neutron binding
energy is 6.47 MeV, ' the excitation energy in the transi-
tion nucleus for 600-keV neutrons is 2.17 MeV. We in-
terpret the small Eo' values at excitation energies less

"W. R. Gibbs and J. J. GriKn, Phys. Rev. 137, B807 (1965).
'~ E. H. Auerbach and F. G. J. Percy, Brookhaven National

Laboratory Report No. BNL-765, 1962 (unpublished)."H. C. Britt and F. A. Rickey, Jr., Bull. Am. Phys. Soc. 13,
36 (1968)."J.H. E. Mattauch, W. Thiele, and A. H. Wapstra, Nucl.
Phys. 67, 1 (1965).
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FrG. 6. The derived values of Eo' are plotted both as a function
of neutron energy in keV and as a function of the excitation
energy of Pu'" in MeV. The solid circles are derived from the
present experiments, and the open circles are derived from data
of Simmons (Ref. 9). The data of Simmons have been normalized
to our data as described in the text.

than 2.2 MeV to mean that only collective levels are
excited in this energy interval. Although the ground-
state band of an even-even transition nucleus has E=0,
at excitation energies of 1.7 to 2.2 MeV, a number of
collective vibrational excitations and their rotational
bands are expected to contribute. Our value of Eo' ——5
to 6 in this energy interval is in reasonable agreement
with values from the Pu'" (d,pf) reaction~ in the same
energy region.

The value of Xo' increases rapidly from 600 to 1100
keV and reaches a plateau value of about 13 at 1100
keV. In the E=5 oscillator shell, one has single-particle
states 1hqq~2, 1h9~2, 2f7~2, 2fg~2, 3p3/2 and 3p~~2." In a
deformed nucleus where X is a good quantum number,
the average value of (E') in the 5th oscillator shell is
readily computed for the above states to be 7 per
quasiparticle. A similar calculation for the IV=6 oscil-
lator shell gives (E')=9 per quasiparticle. Hence, the
experimental value of Xo'=13 is consistent with an
average two-quasiparticle excitation in the 5th oscil-
lator shell. If the excitation energy is sufficient to break.
either a neutron or proton pair, (E') is a weighed
average over two neutron and two proton quasiparticles.

The values of Xo' begin to increase mark. edly at an
excitation energy of 2.2 MeV in the Pu'~ transition
nucleus (this energy is based on Bf=4.90 MeV). We
assign this energy of 2.2 MeV as the threshold energy
for two-quasiparticle excitations in the Pu'4' transition
nucleus. The above value of the two-quasiparticle
threshold determined from the Pu2" (m,f) reaction is
in good agreement with a recent value" of the same
quantity from the Pu2" (d,pf) reaction. In Fig. 6, one
expects a second rise in Eo' at the four-quasiparticle

ASS. G. Nilsson, Kgl. Danske Videnskab. Selskab, Mat. Fys.
Medd. 29, No. 16 (1955).

6 F. A. Rickey, Jr., and H. C. Britt, Bull. Am. Phys. Soc. 13,
36 (1968).
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threshold. Although not shown in this figure, the
angular distribution data of Simmons' do indicate that
Eo' rises again beginning with 3.0-Mev neutrons. The
data represented by circles in I'ig. 6, however, must be
treated with some caution since a normalization (de-
scribed earlier) is involved.

The pairing energy of nuclei decreases with increasing
A. '7 It has been suggested' " that the pairing effect is
associated with a matrix element predominately in the
nuclear surface. With increasing A, the surface-to-
volume ratio (aA '") decreases; and, hence, the pairing
energy decreases as one goes from light to heavy
nuclei. " This suggests that the pairing gap should
increase for a particular nucleus as one goes from

'~ P. E. Nemirovsky and Yu. V. Adamchuk, Nucl. Phys. 39,
551 (1962).

'8 R. C. Kennedy, L. Wilets, and E. M. Henley, Phys. Rev.
Letters 12, 36 (1964);R. C. Kennedy, Phys. Rev. 144, 804 (1966)."J.J. Gritfin, Proceedings of the Symposizzm on the Physics and
Chemistry of Immission, SaLsburg, 1965 (International Atomic
Energy Agency, Vienna, 1965), Vol. 1, p. 23.

the equilibrium deformation to the much larger nuclear
deformation of the transition nucleus. " The present
experiments support an enhanced pairing gap in
the more deformed Pu'~ transition nucleus. The ex-
perimental magnitude of the enhancement is consistent
with a recent calculation" which assumes that the
pairing force strength in nuclei varies proportionally
to the area of the nuclear surface. If the larger pairing
energy is due to the inhuence of the nuclear surface,
one expects even more pronounced differences in the
pairing gap between equilibrium and transition nuclei
in the vicinity of lead. These transition nuclei are de-
formed essentially to the scission configuration with
very large surface-to-volume ratios. Preliminary results"
in this region of the periodic table do indicate a large
pairing gap consistent with the enhanced pairing
energy for very deformed heavy nuclei presented here.

' W. Stepien and Z. Szymanski, Phys. Letters 268, 181 (1968).
zz L. G. Moretto, R. C. Gatti, J. R. Huizenga, and J. O. Ras-

mussen, Bull. Am. Phys. Soc. 12, 521 (1967).
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Intensities and Angular Distributions of Ground-State Rotational
Transitions Excited in (zrz3n) and (zr,4n) Reactions*

C. F. WILLlAMSGN, t S. M. FERGUsoN, B. J. SHEPHERD, f, AND I. HALPERN

Department of Physics, University of Waslzington, Seattle, Washzngton

(Received 17 June 1968)

Relative intensities measured for rotational transitions in the ground-state bands are reported for re-
sidual even-even rare-earth nuclei excited in (cz,3n) and (cz,4n) reactions. The incident zz-particle energy was

typically 40.5 MeV, and the targets were isotopes of Gd, Dy, Er, and Yb. The angular distributions of the
rotational radiations were found to be in accord with theoretical expectations, The relative intensities of the
lines were, however, inconsistent with the implications of simple statistical models. More angular momentum
is apparently carried away by photon transitions connecting higher-lying states than one might expect.
Possible reasons for this discrepancy are briefly discussed.

I. INTRODUCTION
' 'T has been known for some time that ground-state
~ ~ rotational bands of even-even distorted nuclei can
be easily excited in bombardments involving the de-

position of considerable angular momentum. ' ' The
purpose of the present measurements was to use the
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relative intensities of the lines excited in such bands to
show how much of the initial angular momentum in the
system remains at the end of the de-excitation, i.e., at
the point of entry into the ground-state band of the
final residual nucleus. ' Such measurements therefore
complement those of angular distributions of evaporated
particles6 7 and photons' which also give some informa-
tion about the rate of loss of angular momentum during
nuclear de-excitation. In the past, the relative intensi-
ties of low-lying isomers have sometimes been used as
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