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Gamma-ray multiplicities for the '* 0O 4+'** Sm system have been determined using two differ-
ent coincidence techniques. Fusion events arc tagged either by observation of low-lying gamma
transitions in the evaporation residues or by direct detection of the residues exploiting an elec-
trostatic deflector and time-ol-flight identification. The gamma-ray tagging measurements have
been made with higher sensitivity than previously, allowing us to include the contribution of the
3n channel. The contribution of 1his channel modifies the conclusions made before in regard to
the spin distribution of the compound nucleus produced at near-barrier energies. The procedure
for conversion of gamma-ray multiplicities to mean spin values hias been calibrated by measuring
gamma-ray mulliplicitics and fusion cross sections for the ‘He+'**Er and *He+'%" Er reactions
that lead to the same compound nucleus as '*0+">*Sm, at bombarding cnergies that span the
same region of excitation encrgies and spin. The use of an clecirostatic deflector enables an in-
clusive tag on all evaporation residues, and has sufficient sensitivity to enable measurements al
a lower energy than is possible with gamma-ray tagging techniques. The encrgy dependence of
the mean spin deduced {rom ganima-ray multiplicity measurements is in qualitative agreement
with model calculations which include the effects of the static and dynamical deformations ol the
target nucleus. There is, however, a tendency for the calculations to underestimate somewhat
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the mean spin near and below the barrier.

I. INTRODUCTION

Several experiments at near-barricr energies have
found spin distributions of the compound nucleus which
are broader than those expected from theoretical mod-
els, even when these models scenn lo successfully repro-
duce the excitation functions for the fusion cross section
Ufus-l’z

In a previous gamma-ray wwltiplicity study of the
first moment of the spin distribution, (£}, in the system
1°041%18m at near-barrier energies, we found that oy,
and {£} could be accounted for by using a one-dimensional
penetration model including the target deformation.?
The technique used in the determination of the gamma-
ray multiplicity M, relied upon tagging evaporation
residues by the detection of discrete gamma rays emtted
by tle evaporation residues. Due to light-element con-
taminants in the target and to the complex character of
the gamma decay of even-odd nuclei, we were only able
to obtain the contribution to A, from the 4n channel
(**%YDb) in our earlier study. Near and below the barrier
the 2n channel begins to make a sizable contribution®
and its inclusion may significantly modify the conclusions
reached before.

In the present work we have investigated this issue by
using a new 3¥Sm target in which oxygen and other low-
Z contaminants were mnimized.  We have been able
to clearly identify the gamma rays arising from the 3n
channel (1*7Yb). In particular, we were able to observe
the transitions originating in the decay through the yrast
band (based on the state *,3+[642]). The E,=221.7 keV

43

(L+ . 13+
2 2
3n chanmel.

The technique used for obtaming the contribution of
the 3n channel [M,(3n)] to the total M, selectively sam-
ples those states in the compound nucleus that feed the
state J = -12—7+ in '57Yb. Similarly the contribution from
the 4n channel, tagged by the 4% — 2% transition, sam-
ples those states which feed this transition. In order to
eliminate the bias produced by this effect, corrections
were made using results from statistical decay models.
The parameters of the model were adjusted so as to re-
produce the relative yield of the different zn channels in
the same system.?

We deduce the values of (£) from the measured multi-
plicities. In order to test the reliabilitity of the deduction
of {£) we have also measured M, and opy, for the systems
He+'%°Er and 3He+!%Er that lead to the same com-
pound nucleus as ¥04+"%Sin (*70YL). The compound
nuclei produced in these reactions span the same region
of excitation energy and spin as the reaction *Q+'*Sm
at near-barrier energies. Since for more asymmetric sys-
tems at energies above Lthe barrier predictions of the spin
distribution can be safely made,® these reactions hecome
natural benchmarks for testing the procedure of convert-
ing M, into {£).

In an effort to develop a new technique that would
allow us to explore the spin distribution at energies as

) transition of this band was used to tag the

[ar helow the barrier as possible, we have devised a new
technigue to measure M, using an clectrostatic deflec-
Lor. Since the fusion products are strongly peaked at 0°,
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large detection efficiency can be achieved il it is possible
to separate and suppress the beamlike particles from the
fusion products. Furthermore, by using directly the fu-
sion products as a tag for the fusion process, the eilect
of channel fractionation can be eliminated.

II. EXPERIMENT

Fhe fusion cross sections and the gamma-ray multiplic-
ities have been measured for the *He+'%Er, SHe+!Er,
and "0+ %Sin systems. The 90 and ®Ile beams were
provided by the University of Washington FN tandem.
The *Ile beam at energies above 27.5 MeV was obtained
using the new superconducting booster following the tan-
dem. The Sm target was a self-supporting, 98.7%
enriched, of 450 pg/em?®. This target was produced by
the Oak Ridge National Laboratory using a special tech-
nique that minitnizes oxygen and other low-Z contan-
inants. The *°Er target was 155 pg/em® thick, 96%
enriched, evaporated on a 30-pg/em? carbon backing.
The **'Er target was made of '7ErQs, 62% enriched iso-
tope, painted on a 100-pg/cm?® carbon backing, of about
1 mg/em?.

Our experimental method made use of two experimen-
tal setups. The first setup was devised to determine the
fusion cross sections and the gamma multiplicities, using
a discrete gamma-ray techmque, siinilar to the one used
in Ref. 3. The sccond setup employed an electrostatic
deflector and a recoil detector as a fusion tag.

The first setup consisted of a 50-em® GeLi detector
placed at 90° with respect to the beam and at 4 an {rom
the target. Two 7.6x7.6-cm Nal detectors were placed
at 55° and 125® with respect to the beam and at 19.4 em
from the target. A 0.965-mm-thick copper and a 1.75-
mm lead absorber were placed i front of each Nal de-
tector. A particle monitor detector was placed at 30° for
absolute normalization. These absclute normalizations
were also checked against the beam integrated charge in
the Faraday cup. The variation of thie beam intensity
was recorded by multiscaling the Faraday-cup charge in
20-scc mntervals. The efficiencies of the gamma-ray detec-
tors were obtained by placing calibrated sources at the
target position. Bombarding energies were corrected to
the average midpoint energy 1 the target.

A. Determination of the fusion cross scctions

The fusion cross section for the *O+1%4Su reaction
was mecasured by Stokstad et «l? For the “lle and
Mie systems, the fusion cross sections were obtained by
adding the contribution of the 2n, 3n, and 4n residue
evaporation channels. The fusion cross sections for the
2n and 4n channels were deduced from the intensities of
the gamma rays deexciting the ground-state rotational
Land. The lowest obscrvable transition is the 41 to 2%
trausition, as the 2% to 0% transition is highly converted.

The channel yield was deduced from an extrapolation of

the rotational transition intensities to f = 0. This tech-
nique is the same as was used in Refl 5 for determining
evaporation residue cross seetions. Some examples of this

extrapolation are shown in Fig. 1. Yor the *lle-induced
reaction the extrapolated cross section was of the order
of 30% larger than the observed 41 to 2% cross section,
whereas for the *He-induced reaction the extrapolated
cross section was a factor of 2 higher, leading in the lat-
ter case to a significant uncertainty in the 2n and 4n
channel yields.

The 3n channel was determined by an activation tech-
nique. The target was irradiated for typically 20 min.
A 100-pg/cm? carbon foil placed immediately alter the
target was used as a catcher for the evaporation residues.
After irradiation the radioactivity of 17-min '*7Yh was
observed using the 106-, 113-, and 176-keV gammas.
The absolute cross sections are based primarily on the
stronger L13-keV line, for which there are 0.55 photen
per disintegration. Corrections were made for decay dur-
ing bombardment and prior to and during the counting
interval. Variation of the beam intensity during the irra-
diation was also taken into account. The results of these
measurements are summarized in Table I. The indicated
errors include uncertainties in the target thickness, detec-
tion efliciency, and (in the case of the 2n and 4n channels)
the extrapolated cross section. Also shown are the (£)
values deduced from the measured cross seetions using
the sharp-cutoff approximation and using spin distribu-
tions taking into account the target deformation. The
latter values were obtained using the Wong model or a
coupled-channels calculation, and differ little from the
sharp-cutoff approximation for these above-barrier ener-
gies.

B. Gamma-ray multiplicities

The measurements of M, were made using two differ-
ent techniques. The first employed tagging on discrete
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TABLE L

tributions from the target and projectile spin. The uncertainties in the * He+
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Evaporation residue cross sections measurcd in this work. The last column gives
the {£) values derived from the sharp-cutoff model and in the case of Ne+*"Er include the con-

JEHE

Or Cross scections

are about 10%, leading to 5% uncertainties in {£) derived from the sharp-cutofl model, {¢) = £/,
where o, = (x /)L + L.).

Elab E;r T2 Tin Tsn Tfus (e)
(MeV) (MeV) {mb} (mb) {mh) {mnb)
Ue+ " Fr
22 34.0 92425 233423 <40 365450 5.430.3
25.1 37.2 120430 437244 1549416 7164160 6.94+04
27.2 39.1 31425 310431 254460 655170 6.84:0.4
THe4 L
13.4 30.8 4196 757 <40 1253 10.4
35.3 329 362 1088 <) 1450 11.5%
38.6 35.9 199 1165 (60) 1424 12.0
410.0 373 163 1263 165 1591 12.9
43.1 40.3 120 964 198 1587 13.3
45.7 42.8 (70) 712 803 1585 13.7
48.1 45.2 (50) 446 947 1443 13.4
51.2 48.4 (40) 326 1051 1417 13.8

703

gamina rays emitted by evaporation residues. It was ap-
plied to all three systems studied. It is based on the use
of a high-resolution Ge detector in combinalion with sev-
eral Nal detectors. The Ge detector is used for tagging
the different evaporation residues produced in the reac-
tion. From the ratio of the ceoincidence to singles spectra,
the value of M, for each channel (7) can be obtained as

<
pio = Nltagy (1)
N2(ta )(f(T)
¥ g Nal
Here N3 (tag) and N_:i(tag) denote the nuinber of counts
of the transition of interest in the coincidence and singles
Ge detector spectra, respectively, for the transition being
used as tag of this channel. (cl(\?;),) is the total efficiency
of the combined Nal system, averaged over the gamma
energy range (0.1 to 3 MeV) that spans the transitions
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of interest, % is a correction factor to account for the
coincidences produced in the Nal detectors by neutrons,®
and lias been taken as 0.9 based on the work of Sie ¢f al.?
Note that the muitiplicities are independent of the Ge
delector efficiency. The muitiplicities are summarized in
Table I1.

A second experimental approach, involving the direct
detection of evaporation residues afler separation from
beam particles, was used for the ®04!%%Sm system.
(The evaporation residues from the Ile-induced reactions
do not have sufficient encrgy to escape from the target
and be detecled with reasonable efliciency.) One ad-
vantage of this technique is that it s essentially free of
any channel bias. Evaporation caleulations show that
the widths of the recoil angular distributions differ by
less than 15%, and any effect is weakened by the con-
tributions of multiple scattering and charge state distri-
butions. The latter effects depend only on atomic pro-
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III. DEDUCTION OF MEAN ANGULAR
MOMENTUM FROM GAMMA-RAY
MULTIPLICITIES

In Fig. 4 we have plotied the results Ma(,” for the three
systems studied in this work as a function of the excita-
tion energy of the compound nucleus. We liave also plot-
ted in this figure the {£} values deduced from the cross
sections with the sharp-cutofl model. One sees that the
multiplicities for the '*0+!51Sm reaction are very com-
parable to those for the Ile+!'®°Er reaction, confirming
the usefulness of this reaction as a calibration reaction.
One also notices that over most of the excitation energy
range the multiplicities for the '*O-induced reaction ex-
ceed that for the ‘He-induced reactions, demoustrating in
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FIG. 4. Gamma-ray multiplicities as measured by the dis-

crete gamma technique for the 3n (upper) and 4n (middle
panel) channels as a function of excitation energy. The bot-
tom panel shows the £ values derived from the measured
fusion cross sections (this work and Rel. 4),

a model-ndependent way that a lower hmit to the mean
angular momentum for the former reaction is larger than
that deduced from *He+'%0Fr fusion cross seetions using
the sharp-cutoll approximation.

Gamina-ray multiplicities have long been used to in-
fer information about the mean angular momentum of
excited nuclei, Often the conversion from multiplicity
Lo angular momentum is accomplished using simple rela-
tions of the form

(6) = a(M, — b). (3)

The constants @ and b arc determined empirically from
measured multiplicities for fusion reactions cccurring at
energies well above the Coulomb barrier where the av-
erage angular momentum can be inferred relatively un-
ambiguously from measured fusion cross sections. The
constant b 1 the above expression is interpreted as the
nuber of “statistical” gammas emitted early in the cas-
cade which carry off little angular momentum, and typ-
ical values are between 2 and 4. The constant a is the
average angular momentum carried ofl by the nonsta-
tistical gammas. Typical values of ¢ are between 1.5
and 2, indicating dominant contiibutions from stretched
quadrupole gammas. Angular momentum carried off by
neutrons is ahsorbed into these constants empirically.

Although simple and probably adequate when there
1s a reasonably large amount of angular momentum, the
above approach can have quantitative limitations at mod-
est angular momentum and when specific channels dom-
inate the gamma-ray cascade. In particular, it neglects
the ground-state spin of odd-A nuclei and the differing
contributions of dipole and quadrupele radiation in even-
even as compared to odd-A nuclei. We have therefore
felt compelled to calibrate our conversion relationship be-
tween multiplicity and angular momentum. It is possible
to do this in a rather direct manner, as it is possible
to make the same YD compound nucleus formed in
the ®0+1%%Sm reaction by the above-barrier reaction
*{Ie+'%Er. In the next subsection we describe the mea-
surements associated with this calibration reaction. We
have also made a less complete study of the *He4 '“"Er
reaction, which turns out to be less useful because the
amount of angular momentum brought in is appreciably
less than in the hieavy ion reaction of interest.

A. Discrete photon tagging

We have explored a number of empirical approaches for
the conversion of multiplicity to angular mementum, and
have adopted a procedure similar to that of Halbert et
al.? This procedure gives a more faithful reproduction of
the foss of sensitivity of multiplicity to angular momen-
turn at low angular momentum. The relation assumed
is

(Ehiag = 2(ML7 + 1+ BB; — (M)}
HMIALY + MAALY + (), (1)

wliere the first term deseribes the angular womentum
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Qur

clectrostatic deflector s shown mn Fig. 2 and cousists of

cesses and should be independent of wn channel.

three parts: a detector chamber, an electrostatic dellec-
tor box, and a scattering chamber. Each of these parts
can be isolated from the rest of the systemn, enabling us
to ehange targets and manipulate the particle detectors
without compronusing the cenditioning ol the deflector
itself. The deflector plates are located at 18 cm from the
target and are made of polished stainless steel. ‘They are
5 em high, 25 em long, and 1.25 e thick. The separation
and orientation of the plates can be easily changed, The
plates are located 1n a stainless-steel box designed to hold
up to £ 70 kV. A turbo-melecular pump provides the
vacuum to this module. The delector chamber contains
a beam stop and a large-arca particle detector, both of
which can be moved without breaking the vacuum. The
particle detector systemn consists of a position-sensitive
Breskin counter” followed by a large-area solid-state de-
tector. The Breskin counter provides a position and a
timing signal and the solid-state detector gives the en-
ergy of the particles. Tlis system, when operated with
a pulsed beam, provides us with the energy and time of
flight of the particles, which enabled us to separate the
fusion products from the elastic and other direct reaction
products. In our case we have used a l-nsec-wide beam
pulse with a period of 780 nsec. The time of flight of the
recoils was of about 350 nsec. The cylindrical scattering
chamber is 25 em in diameter and 25 cm high and can
accommodate several Nal detectors around it. There is a
reentrant port enabling the placing of a Ge detector 3.2
cm from the target.

In Tig. 3 we show typical time-of-flight spectra in sin-
gles and in coincidence with the Nal detectors. The larger
peak i the singles spectrum is associated with the beam-
like particles. At low bombarding energies, when the fu-
slon cross section is ¢lose Lo a few mb, the magnitude of
the tail of this peak under the recoil peak i1s the main
source of uncertainty in extracting the area of the recoil
peak in the singles spectrum. Considerable improvement
was achieved in reducing this tail by carefully tuning the
beain so as to minimize the amount of beam hitting the
collimators. The enhancement of the recoil peak in the
coincidence spectrum, as compared to the beamlike peak,
can readily be understood as arising from the targer M,
assoclated with the fusion processes as comparcd with the
inelastic, transfer, and quasielastic processes. Slit scat-
tered and degraded beam particles have no comecident
gammma rays,

The raw gamma multiplicities M obtained using our
electrostatic deflector were calculated in a manner similar
to the discrete photon tag case, namely,

D Ne¢(recoil)n (2)
R U SN

N (recoil){epn,1)
where Nf(recoil) and N (recoil) are the arcas of the ve-
coil peak 1 coineidence with the Nal detectors and i the
singles spectra, respectively. A inportant property of
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F1G. 3. Time-of-flight spectra for the system **0+***Sm

al Fju,=T2 MeV, in singles and coincidence with the Nal de-
tectors. Time Increases to the left.

the multiplicilies thus obtained is that they are indepen-
dent of the efliciency of the electrostatic deflector. The
results of these measurements are summarized in Table

II.

TABLE II. Gamma-ray multiplicitics measured in the
present experiment. These “raw” values have not been cor-
rected for gammas below the energy threshold or for internal
conversion. The {€9°) values were obtained from Eq. (7).

ELab Er
(MeV) (MeV) M+ (3n) M. {4n) (€59)
3He+367Er
27.5 39.4 5.310.5 34304 6.8
27.0 38.9 5.140.3 3.3:£0.4 6.8
25 7.1 4.540.4 2.540.3 6.9
22 34.0 4.040.7 1.6:£0.45 5.4
‘lle4 1% Er
33.4 30.8 2.640.3 10.4
35.3 32.7 3.6-£0.4 i1.5
38.6 35.9 4.640.5 120
40.0 37.3 5.140.5 3.0+0.4 12.9
43.1 40.3 5.840.6 4.1+0.4 13.3
52.8 49.8 10.5£1.5 7.3£0.7
150+154 Sin
61 38.8 5.240.6 3.1 £04 9.2
61.5 493 5.810.5 4.1 X2 10.0
62.5 40.2 6.220.4 4.6x0.2 10.9
64.5 42.0 T.6+£0.5 G.0%0.2 134
66.5 43.8 7.94+0.6 G6.240.2 13.3
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TABLE L. MY obtained with electrostatic deflector us-
mg expression {2). {£) was obtained from expression (8).

FLab
(MeV) MP AMY (H®
160+]“Sm

59.5 5.1 +00.5 9.9
G5 5.7 +0.4 11.3
Gl1.5 2.9 +0.3 12.0
62.5 6.0 +0.3 12.1
63.5 6.6 +0.3 13.53
G4.5 6.9 +0.4 13.7
65.5 G.8 +0.3 13.0
G7.5 8.1 +0.4 15.1
71.5 9.2 +0.1 16.2

with the mean compound nucleus spin given by
(@& = Ll 2AMP + BB — (M)
i

H(MO(ALY + M(AJL)]. (8)

The BB value for the 4n channel was taken as 0.9, and
for the 3n channel values between 2.2 and 2.5 were used,
depending on the bombarding energy. These values for
deflector tagging are less than for discrete-photon tag-
ging as one does not have the high-spin bias associated
with the Jatter tag in the case of the 3n channel. We
display the mean spin values obtained using the deflec-
tor together with those frow the discrete-photon tagging
technique in Fig. 6.

The present results give (€} values somewhatl larger
than obtained previously.® This is mostly due te inclusion
of the 3n channel at the lowest energies where both the
old and new studies overtap, but also reflects somewhat
the new procedure for conversion of multiplicity to an-
gular momentum, The small but apparently systematic
tendency for the electrostatic deflector tagging to give
higher {¢) values than obtained in the new Ge detector
tagging experiment is not understood, but the discrep-
ancy is within the absolute uncertainties in measuring
multiplicities and converting them to (€) values.

IV. MODEL COMPARISONS

We have previously published (€} values deduced from
the earlier 4n channel tagging experiment ®® At that
Lime we compared the deduced (£) values with those cal-
culated from the Wong model,® which assumes an ensem-
ble of orientation-dependent parabolic one-dimensional
barriers and averages over the random orientation of the
target nucleus. There are basically four parameters in
this model: the barrier lieight and curvature, the inter-
nucleon separation for the undeformed target, and the
quadrupole deformation of the target nucleus. Tlese pa-
rameters were constrained by fitting the fusion excitation
function of Stokstad ef al® The deformation parameter

was taken as 0.22x6.43=1.41 1 based on the equivalent
spheres analysis of Stokstad and Gross.” The internuclear
separation was taken as 1.35(/111/"i -+ Aé”) on the basis
of typical values obtained with realistic nuclear poten-
tials. Finally, the barrier height and curvature energy
(Ve = 59.0 MeV and hw = 3.5 MeV) were obtained by
fitting the fusion cross-section excitation function. The
dependence of {£) on hombarding energy as caleulated
with this model is shown by the dashed line in Fig. 6. It
ts seen that this caleulation underestimates (£} near and
below the barrier.

We lave also performed a coupled-chiannels calcula-
tion of (£) using the coupled-channels code cc pER.!®
This code allows us to average over the random ori-
cntations of the deformed target nucleus and (o in-
clude coupling to vibrational and transfer channels as
well. Spectfically we included the quadrupole and hex-
adecapole deformations (G212 = 0.28 x 6.13 = 2.44 fm,
B840t = 0.07 x 6.43 = 015 fm) and the octupole vibration
(Balt = 0.10 x 6.43 = 0.64 fin) of ®Sm. The By value
and the barrier height were adjusted 1o reproduce the
excitation function as before. The By value 1s somewhat
larger than before but is closer to the value deduced from
B(E2) values by Raman ef al'! The fy and By values
were taken from the literature.’ '3 The resulting (¢} val-
ues are shown by the full curve in Fig. 6. The results
of this calculation are 1 better agrecmeni with exper-
tment, although they still somewhat underestimate the
{£) values in the vicinity of the barrier.

A tendency for theoretical caleulations to underesti-
mate the mean spin near the barrier has been noted in
some but not all previous studies. A first attempt at
systematizing the available data was made in 19887 and
has been updated recently.’™ ™ The preponderence of the
available data suggests a failure of the existing models to
completely account, for the {£) values near and below the
barrier, Additional work is required to elucidate the cir-
cumstaices and origin of this discrepancy.

V. SUMMARY

We have extended our previous discrete gamma tag-
ging measurement of (£} for the 4n chanuel of the
150y 415 Qi reaction to include the 3n channel. Inclu-
ston of the 3n channel leads Lo overall (€} values wlich are
appreciably larger than before at the lowest bombarding
energies. We have also developed a new tagging teclh-
nique based on tiine-of-flight identification of the heavy
residues after separation from the beam particles by an
clectrostatic deflector. This technique has allowed us to
extend our measurements Lo lower energics and ruch
lower cross sections, Comparison with models wlich in-
clude the shape degrees of freedem of the target nucleus
lead to a qualitative understanding of the results. More
quantitatively, the caleulations nunderestinate somewhat
the (£} values near and below the barrier.

This work was supported in part by the US. Depart-
ment of Energy,
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carried away by stretched quadrupole nonstatistical gam-
mas, the second term describes the (modest) amount of
angular momentum carried ofl by the statistical gam-
mas, and the third term accounts for angular 1nomen-
tuin carried away by the evaporated neutrons. Ji(1) is
the angular momentum of the baudhead, The index 7 de-
notes the different evaporation residues produced in the
reaction under study. A'L(;” are the “raw” multiplicities
obtained using expression (1). The 1+ BDB; terms cor-
rect for the gamma in the tagging Ge detector and for
transitions either too low in energy Lo be detected in the
Nal or decaying by internal conversion. The BEB; values
were estimated to be 0.9 for the 4n channel and 3.5 for
the 3n channel. (M3) and (AJ,) were taken from the
evaporation model code PACE as modified by Beene to
employ a giant dipole resonance form for the Fl gamma
strength functlon. The level density parameter employed
{a = A/8.5) was deterimined from a fit to the zn channel
viclds. Typical values of (M?) were 1.5 3, of {AJ,) were
0.1-0.3, and of {AJ,) were 0.1-0.3. It 1s inleresting to
tote that these values werce channel dependent, with M,
being larger for the 3n channel than for the 4n channel
at energies where both chiannel yields were comparable.

We have extended the above procedure to take mto ac-
count the fact that the discrete-photon tagging method
only samples that part of the spin distribution that feeds
the tagging transition. This biases the sample to higher
spins, and a correction should be made for the contribu-
tion of the part of the spin distribution not sampied. This
correction 1s most important for the 3n channel where
the spin of the decaying state for the tag is % This
correction was estimated from statistical model calcula-
tions of the fractions of the spin distribution ahove J; in
the ith channel [f;(; < J;)], and below J; [fi(f7 > Ji)],
where J; — J;_a is the tagging transition in this chan-
nel. For technical reasons these corrections were deduced
from calculations from tlie evaporation code CASCADE.
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FIG. 5. Mean angular momentum derived from multiplic-
ities versus mean ¢ derived from cross section for He-induced

reactions.

The can spin of the distribution nat sampled by the
tagging was estimated to be é the J; of the tagging tran-
sition, an estimate that was coufirmed by quantitative
exanination of the spin distribution for several sample
cascs.

This procedure can be summarized as follows. The
(&) 1ag values are deduced from Eq. {4) using expernmen-
tal Mf,') values for cach 1th channel. The mean channel
spin s then obtained from

G < DB 56> T e
fi(E) ’

(&)
where

[ BEY= fi(G< J)+ fi(§ > Ji) (6)

is the relative yield of the channel i at the bombarding
energy E. The total mean angular momentum of the
compound nucleus is obtained from

(o =3 it ™)

(3)

We first test the validity of this procedure by applying
it to the "He+1%8Er reaction where the mean angular
momentum at each energy can be reliably known. The
results of this procedure are shown in Fig. 5.

B. Deflector residue detection multiplicities

In this case the individual channel multiplicities are
not known but the bias due to tagging on a trausition
not fed by the whole spin distribution is not present. The
corrections for the modest amount of spin carried away
by neutrons and statistical ganunas are made as before,

20 ¢ [ 1 PoTTTTTT l T 1 ] ST T

O Ge--tagged multiplicities
* Deflector—tagged multiplicities

<1

l i i 1 [—

70 75
Bombarding kEnergy (MeV)

FIG. 6. Mean { for "*0+4'**Sm as deduced from gamma-
ray multipticities determined by discrete gamma-ray aud
deflector-tagging techniques. The dashed and dash-dotted
curves are from the Wong model with and without deforma-
tion. The full curve is from the coupled-channels calculation
described in the text.
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