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The level structures of "% 8 ¥Kr have been investigated via the (d, p) stripping reaction
using isotopically enriched gas targets at an incident deuteron energy of 11 MeV. Proton
groups leading to about 14 states with excitation energies up to approximately 3 MeV have
been identified in each of the above nuclei. Differential cross sections were measured from
20° to 160°, and were fitted with zero-range distorted-wave—Born-approximation calculations.
Excitation energies, [ values, spectroscopic factors, and the implied values of J™ are given.
Comparisons are made with states in the selenium and germanium isotopes having the same
number of neutrons and, respectively, one and two protons less than the krypton isotopes.
Comparisons are also made between the present work and studies of "*Kr via "°Rb decay mea-
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surements. Two unresolved discrepancies are found between the two sets of measurements.

NUCLEAR REACTIONS '8:80.82Ky(q, p) 79:81.:8 Ky £ =11.0 MeV, measured o (6)
and level energies; deduced !, S with DWBA analysis.

I. INTRODUCTION

The (d, p) reaction has been widely used to give
information about the emptiness of spherical
single-particle states in the target nucleus. For
nuclei with an odd number of neutrons between
the N=28 and N=50 shell closures systematic
investigations have been made for nickel,' zir-
conium,? germanium,® and seleniuni.? In this
paper we report on a systematic study of the light-
er krypton isotopes.? Cross section measure-
ments for the ®Kr(d, p) and %®*Kr(d, p) reactions
have been previously reported.®*” In the present
work, (d,p) measurements were made using en-
riched gaseous targets of "®Kr, ®°Kr, and ®*Kr,
at a deuteron bombarding energy of 11.0 MeV.
Proton groups leading to approximately 14 states
in each of the final nuclei "°Kr, %'Kr, and ®*Kr
have been identified. Many of these states have
not been previously reported, owing to the scarcity
of work on these isotopes. The ®®Kr nucleus has
a closed N=50 neutron shell; "®Kr, the lightest
stable isotope of krypton, has 42 neutrons. The
present measurements should therefore allow
rather accurate measurements of the filling of the
2p3)95 2Dy, and 1g,,, subshells lying below the
N =50 shell closure as the neutron number is in-
creased from 42 to 50. Comparisons with the
previous (d, p) measurements on " 78 8%Se  with
42, 44, and 46 neutrons, respectively, and "“Ge,
"8Ge, with 42 and 44 neutrons, should be of inter-
est. The levels of ™Kr have been studied via "Rb
decay measurements by Lingeman et al.® and by
Broda ef al.® A comparison of the "®Kr(d, p)"°Kr
works with the level structure deduced from these
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y-decay measurements should therefore be possi-
ble.

Il. EXPERIMENTAL PROCEDURE

Differential cross sections of the Kr(d, p)Kr
reactions and of deuteron elastic scattering were
measured from 20°to 160° in 5° steps at a bom-
barding energy of 11.0 MeV. The target gases
were contained in a 7.5-cm-diam cylindrical cell
whose walls were of 3-um Mylar foil. Nickel
windows of 0.5-um thickness were used for the
beam entrance and exit. The gas cell utilized a
thin-walled beam tube of 5.0-mm i.d. inside the
target cell. A 1.27-cm gap in this tube at the
center of the chamber defined the target volume.
The gas pressure was approximately 0.025 atm
corresponding to a target thickness of about 80
pg/cm®. The respective ®Kr, %°Kr, ®Kr, ®¥Kr,
and %Kr isotopic abundances of the gas targets
were 56.5, 34.2, 6.9, 1.2, and 1.1% for the en-
riched "Kr, 7.1, 50.8, 38.8, 3.0, and 0.3% for
the enriched ®Kr, and 0.2, 15.1, 76.8, 7.7, and
0.2% for the enriched ®Kr. Four lithium-drifted
silicon detectors cooled to dry ice temperature
were used. The over-all experimental energy
resolution was about 30 keV.

III. ENERGY LEVELS AND Q-VALUE DETERMINATION

Figure 1 shows three typical Kr(d, p) spectra,
taken at a laboratory angle of 70° for each of the
enriched targets. Identification of proton groups
was based on careful comparisons of spectra
from the different targets with respect to both
energy and intensity ratios. Since "®Kr was pres-
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ent only as 7.1 and 0.2% contaminants in the %°Kr
and ®Kr targets, respectively, states in "Kr did
not appear in the 8'Kr and the %Kr spectra, ex-
cept for the ground state in the ®!Kr spectrum and
an unambiguous assignment of the observed pro-
ton groups as leading to states in "°Kr, ®Kr, or
8Kr was nearly always possible.

The published values'® for the " 8 2Kr(d, p)-
79, 81, 83K r ground-state reaction @ values are
6.143+0.011, 5.603+0.100, and 5.243+0.006 MeV,
respectively. Using the above values of the "®Kr-
(d, p)Kr and ®Kr(d, p)®*Kr ground-state @ values,
and the corresponding peak locations in the spectra
together with the location of the deuteron elastic
scattering peak, the @ values of the observed pro-
ton groups were obtained using a least-squares
fitting code. Corrections were applied for the
energy loss of the reaction particles in passing
through the exit gas and Mylar walls using the
tables of Williamson and Boujot.!! The @-value
determinations for a given group were checked
for consistency and averaged. The absolute un-
certainty in the @-value determination is believed
to be 20 keV. The %Kr(d, p)*'Kr ground-state @
value could be determined with somewhat greater
precision since this state had an energy between
those of the "®Kr(d, p)"°Kr and ®Kr(d, p)**Kr ground
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states whose @ values are accurately known.'°

We assign the *°Kr(d, p)*'Kr ground-state @ value
as 5.610+£0.015 MeV, in agreement with the pub-
lished® value of 5.630+0.100 MeV. The 3Kr
mass excess was extracted from this measure-
ment, with the relevant known mass excess values
being taken from a recent mass compilation.?

The (d, p) results led to a mass excess for 8Kr

of =77659+15 keV, consistent with the value of
~-T77680+100 keV given in the mass tables. The
Garvey-Kelson mass prediction'® yields a mass
excess of =77760 keV for 8Kr, in slight disagree-
ment with the measured value.

IV. ANALYSIS OF ANGULAR DISTRIBUTIONS

The optical-model parameters needed to cal-
culate the waves in the entrance and exit channels
for the distorted-wave-Born-approximation
(DWBA) calculations were obtained by fitting the
appropriate proton and deuteron elastic scatter-
ing cross sections using a computer code written
by Tamura and Bledsoe.'® These fits were carried
out using the usual form for the optical potential
with a surface absorption term and a real Thomas-
type spin-orbit term.!® For the exit channel,
optical parameters deduced from a fit to 12.0-MeV
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FIG. 1. Typical Kr(d, p) spectra taken with identical energy scales for the three isotopically enriched krypton

target gases used in the experiment.
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proton scattering from natural krypton were used.®
These resulting proton optical parameters are
as follows:

V=50.48 MeV, 7g=1.26fm, az=0.65fm,

W,=13.1T MeV, #;=1.20fm, a,=0.53 fm,

V%=6.80 MeV, 7,=1.26fm, a4,=0.72fm.
vc=1.27 fm,

Because the outgoing energies of the various pro-
ton groups had a wide range, an energy dependent
real well depth V=(54.08-0.30E) MeV was em-
ployed for the DWBA fits. Figure 2 shows the
experimental deuteron elastic cross section ob-
tained from the ®*Kr enriched target, the best-fit
optical-model parameters for the data, and the
best fit. Almost identical parameters gave the
best fit to the experimental elastic cross sections
from the isotopically enriched ®°Kr and "®Kr tar-
gets, and hence the parameters of Fig. 2 were
used in all of the following DWBA analyses.
Differential cross sections for (d, p) transitions
to 12 of the states in ®*Kr, 11 of the states in ®Kr,
and 10 of the states in "Kr which were sufficiently
populated and resolved were fitted. The zero-
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FIG. 2. Angular distribution of deuterons elastically
scattered from the enriched ¥Kr gas target and the re-
sulting optical-model fit. The best-fit optical-model
parameters are as shown.

range DWBA computer code VENUS written by
Tamura, Coker, and Rybicki'® with corrections

for the nonlocality of the optical potential, was
used. The bound-state neutron wave functions
were calculated with the computer code NEPTUNE .'¢
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FIG. 3. (a)—(c) Angular distributions of 82Kr(d, p)%Kr transitions. The curves are DWBA fits to the experimental
cross sections. Excitation energies and deduced ! values are shown. The j" values used to obtain the fits are indi-
cated on the figure.
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FIG. 4. (a)—(d) Angular distributions of 80Ky (d s p)“Kr transitions. The curves are DWBA fits to the experimental
cross sections. Excitation energies and deduced ! values are shown. The j™ values used to obtain the fits are indi-
cated on the figure.
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FIG. 5. (a)—() Angular distributions of "8Kr(d, p)"°Kr transitions. The curves are DWBA fits to the experimental
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A Woods-Saxon well having essentially the same
geometry as the real part of the proton optical
potential was chosen for the form-factor calcula-
tion. A search for the Woods-Saxon well depth
was made to reproduce the experimentally deter-
mined separation energy of each level.

The experimental cross sections to states in
8Kr, 8Kr, and ""Kr are shown together with the
DWBA fits in Figs. 3-5, respectively. In some
cases difficulties were caused by overlapping
peaks on the spectra from two different isotopes.
For example, the 0.569-MeV state in **Kr could
not be resolved from the 0.928-MeV state in *'Kr.
The cross section to the 0.928-MeV state in ®'Kr
was therefore extracted from the spectra taken
with the "®Kr enriched target, in which ®Kr was
present only as a 6.9% contaminant. The contri-
bution from the 0.928-MeV state in ®'Kr was then
subtracted from the 0.569-MeV state in the spec-
tra taken with the ®Kr enriched target. As a
consistency check, the cross sections for the two
states, weighted by the appropriate isotopic
abundances, were summed and shown to repro-
duce the cross section obtained from the #Kr
enriched target gas for this doublet.

Over all, the agreement between the data and
the DWBA predictions is reasonably good and we
are confident of the ! values deduced. However,
improved experimental energy resolution and
higher isotopic enrichments would be necessary
to extract accurate cross sections to the more:
weakly populated states.

TABLE I. Energy levels of "% 8. 8Ky observed in the
present work.

By Bigp TRy
(MeV) (MeV) (MeV)
0.00 0.00 0.00
0.035 0,143 0.149
0.569 0.414 0.387
0.796 0.502 0.535
1.085 0.589 0.639
1.214 0.928 0.689
1.271 1.049 0.749
1.460 1.231 0.811
1.614 1.838 1.912
1.773 2.168 2.060
2.183 2.330 2.768
2.236 2.376

2,379 2.624

2,588

2.944

3.140

3.718

3.772

V. DISCUSSION

In the krypton region, the 2p,,, 1f.,, 2p,,,, and
1g,,, orbits below the N=50 shell closure and the
2d;,5, 38y, 2d,,,, and lg,,, orbits above the N=50
shell closure are expected to be populated by
(d, p) transitions. Thus the spin-parity assign-
ments for the levels populated by /=0 and 3 trans-
fers are uniquely determined to be 5" and §7,
respectively. The spin-orbit splitting of 1g,,, and
1g,, states is expected to be at least 3 MeV, and
therefore 1g,,, states can be expected only at the
highest excitation energies observed in the pres-
ent work. There is therefore little ambiguity
expected in distinguishing between £ and £ states
for I =4 transfers. There remains the ambiguity
in spin assignment for /=1 and 2 levels. In previ-
ous work on the germanium isotopes, Kato® was
able to distinguish two groups of levels populated
by /=1 transitions, the energy separation between
them being about 0.8 MeV. This energy separation
was assumed to be due to the spin-orbit splitting
between the 2p,,, and 2p,,, shell-model states;
those states with the higher excitation energies
were assigned to 2p,,, and those with the lower
energies assigned to 2p,,,. Although in the pres-
ent work it is evident that some of the low-lying
states could not be analyzed, the [=1 states do
fall into two groups separated by about 600 keV
of excitation energy. Again, the low-lying states
are tentatively designated as 2p,,,, and the higher
l=1 states as 2p,,,. There is no apparent j de-
pendence either in the experimental data or in
the DWBA fits for either I=1 or /=2 transitions.
The [=2 strength in the krypton isotopes has been
found to be rather fragmented, and spread over
several MeV of excitation, with a larger spreading
indicated for the lighter isotopes. The splitting
between 2d;,, and 2d,,, states has been found to
be about 3 MeV for nuclei near A =100%. In the
present work, we therefore expect to observe
2d,,, states starting near 4.0 MeV of excitation,
and probably 2d,,, states are above the range of
excitation observed in the present measurements.
We therefore tentatively assign all the observed
1=2 levels as 2d,, except for the 3.718-MeV state
in ®¥Kr.

The fits for %Kr shown in Fig. 3(a) indicate that
the ground state, 0.569-, 0.796-, and 1.214-MeV
states are, respectively, populated by /=4, 1, 2,
and 2 transitions. From shell-model considera-
tions, the ground state is expected to be £,
whereas the two /=2 states are indicative of the
filling of the 2d,,, orbit above the N=50 shell
closure. Two calculated curves are shown for
the I=2 cross sections, one for 2d,,, transitions
and one for 2d,,, transitions. Clearly from the
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experimental cross sections one cannot choose
between the two. Figures 3(b) and 3(c) show the
experimental and calculated cross sections to the
remaining states in %Kr that could be fitted. As
expected from shell-model considerations, all

of these states are fitted with [=0, 2, or 4 trans-
fers. The weak states at excitation energies of
0.035, 1.085, 1.460, 1.614, 1.773, and 2.183 MeV
in 83Kr were either too poorly resolved to permit
extraction of adequate angular distribution data,
or could not be fitted by the DWBA. The 0.569-
MeV state is the only /=1 transition observed in
8Kr, allowing possible spin assignments of £~ or
47, a comparison with "®Kr and ®'Kr favors a
tentative assignment of $~ to this state. This
would then indicate that the unresolved 0.035-MeV
state is probably the missing &~ state in ®**Kr.

The weak states between 1.0- and 2.0-MeV exci-
tation which have not been fitted are then most
probably =0 or 2 transitions.

The experimental and calculated cross sections
to 8'Kr are shown in Figs. 4(a)-4(c). The ground
state is still fitted with a &° assignment; however,
a strong /=1 (") state appears at 0.143 MeV.

The 0.502-MeV state is fitted with /=2 transition;
consistent with a ' assignment, whereas the
0.589-MeV state is fitted with /=1 transition
indicative of a £~ (or 3 ) assignment. The remain-
ing states analyzed above the 0.589-MeV state are
all fitted with either /=0 or 2 transfers.

For transitions to "®Kr, as shown in Figs. 5(a)~
5(c), the ground state is fitted with a I=1 transi-
tion (37), and first excited state at 0.149 MeV of

TABLE II. Summary of DWBA analysis of the states
of ¥Kr via the reaction 8Kr(d, p)Kr.

E* do/dQ (max)

(MeV) 1, JT (mb/sr) Sy
0.00 4 oy 0.941 0.458
0.569 1 &) 0.784 0.084
0.796 2 T 1.861 0.146
1.214 2 T 3.988 0.283
1.271 0 ¥ 4.009 0.336
2.236 2 & 1.027 0.0581
2.379 0 £ 0.637 0.0487
2.588 2 ) 1.028 0.0601
2.944 2 ) 0.520 0.0268
3.140 0 ¥ 1.624 0.139
3.718 2 &) 1.389 0.0830
3.772 4 I 0.835 0.356

excitation with an 1=4 transfer (). Again, there
is apparent overlapping of £ strength (0.811 MeV)
with £ (0.535 MeV) and §* (0.639 and 0.689 MeV)
states above the N =50 shell closure. An increase
in fractionation of the single-particle strength in
the krypton isotopes furthest away from the closed
N =50 shell is evident.

The nucleus "°Kr has been previously studied
via "Rb decay measurements.® ® The present
(d, p) work is in agreement with the assignment
of §~ for the ground state of Kr. The excited
states seen in our (d, ) measurements at 149
(I=4), 387 (I=1), 535,689 (I=2), and 749 keV of
excitation apparently correspond to states in the
decay work® ® at excitations of 147, 384, 533,

688, and 752 keV, with respective spin assign-
ments of %-’ ) (%-; %-, g—)’ 2L—’ %-)y and §-~
Unfortunately, there appear to be two very real
discrepancies between the two sets of measure-
ments. The half-life and y-decay intensities to
the ground state and 130-keV state are consistent
only with a 2~ spin assignment for the 147-keV
state. A $~ assignment would imply an [=3 assign-
ment for the (d, p) work. However, the DWBA
analysis clearly indicates an I =4 transition. The
second problem occurs with the 689-keV level,
deduced to be 3~ or £~ in the decay work. Our
experiment gives 1=2 for this state. However,

the 1=2 DWBA fits to this state and to the 639-keV
state are not good, and [=1 fits are also shown in
Fig. 5(b). It is possible that the 689-keV level,
which is not clearly resolved from the large 639-
keV level, could be fitted with /=1 transfer, even

TABLE II Summary of the DWBA analysis of the
states of 3IKr via the reaction ¥Kr(d, p)®!Kr.

E* do/dQ (max)

(MeV) l, JT (mb/sr) Sy
0.0 4 %* 0.605 0.376
0.143 1 i 0,816 0.423
0.414

0.502 2 Y 0.978 0.122
0.589 1 (21') 0.807 0.145
0.928 0 y 2.285 0.253
1.049 2 oy 1.590 0.162
1.231 2 oy 0.995 0.104
1.838 2 T 1.187 0.093
2.168 2 & 2.270 0.207
2.330 0 r 0.561 0.060
2.376 0 r 0.951 0.089

2,624
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though this does not appear likely.

Tables II-IV summarize the results of the DWBA
analyses for ®%Kr, ®Kr, and "°Kr, respectively.
The last column of the table give the spectroscopic
factor S;, defined as

Sy =0y /(27 +)opypa ]l - (1)

Except possibly for the 639- and 689-keV states
in "Kr, we believe the I assignments to be unique;
the J" assignments have been discussed above.
The more tentative spin assignments are given in
parentheses; however, in the absence of polariza-
tion data, the spin assignments for nonzero [
transfers must not be considered definitive even
where parentheses are not shown.

Figure 6 shows an energy-level diagram for the
krypton isotopes. The length of the lines is pro-
portional to the spectroscopic factors. The ®Kr
levels are taken from the work of Browne et al.,®
and those for ¥Kr from the measurements of
Haravu ef al.” The energy levels for *’Kr have
been displaced upwards by 1 MeV so that the strong
¥Kr 2d,,, ground state is approximately aligned
with the strong low-lying 2d,, states in the lighter
krypton isotopes. A general increase in fraction-
ation of the 2d;,, and 3s,,, strengths is evident for
the lighter krypton isotopes, and it is probable
that not all of the 2d,, and 3s,,, states have been
identified in the present work. Clearly, most
of the 2d,,, and 1g,,, strength lies above the re-
gion of excitation observed in the present work,
although a relatively strong 1g,,, state is identi-
fied in ®*Kr. An increase in strength of the low-
lying 2p,,,, 2p,,,, and lg,,, states is also evident

TABLE IV. Summary of the DWBA analysis of the
states of "Kr via the reaction "®Kr(d, p)"*Kr.

E* do /d9 (max)
(MeV) 1, JT (mb/sr) Sy
0.000 1 5 0.428 0.305
0.149 4 z 0.858 0.512
0.387 1 c 0.581 0.366
0.535 0 ¥ 1.582 0.341
0.639 2 -y 1.221 0.174
0.689 (@) &) 0.661 0.0808
0.749
0.811 1 & 0.239 0.064
1.912 0 L 1.016 0.104
2.060 2 &) 1.548 0.162
2,768 4 z 0.355 0.176

for the lighter krypton isotopes. No I=3 (1f;,,)
states were identified, indicating that the 1f,
subshell must be rather full in the stable krypton
isotopes. The excitation energy of the first 2p,,,
state decreases for the lighter krypton isotopes,
until for ""Kr the ground state is .

The krypton isotopes have recently been studied
by means of y-ray spectroscopy methods in Se +«a
reactions.!” These investigations suggest that
there are low-lying rotational bands in "Kr, "Kr,
and ®Kr. Specifically, low-lying + and §~ states
have been found which should have a pronounced
hole character. These states are

Kr: 147 keV (37) and 183 keV (37),
8Kr: 190 keV (37) and 549 keV (§).

Of these, only a 149-keV state is seen in "°Kr in
the present work; as discussed previously, this
state is fitted well by /=4 transition, indicating a
$* rather than a £~ assignment. It is clear that
higher resolution measurements with better iso-
topic enrichments will be necessary to resolve
the apparent discrepancies; both with the above
work and with decay measurements.

To study the gross structure of the shell-model
states, a sum-rule analysis was applied to the
present experimental results. The summed spec-
troscopic factor ), S/ represents the vacancy of
the shell-model state in a doubly even target nu-
cleus. Another important set of numbers are the
spectroscopic-factor-weighted energy centroids
E;. These centroids are defined by the equation

E: _ E iEi S{ (2)
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FIG. 6. Energy level diagrams deduced from Kr(d, p)
measurements on the even krypton isotopes. The length
of the lines is proportional to the spectroscopic factors.
The 85Kr levels are taken from Ref. 6 and those for 87Kr
from Ref. 7.
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FIG. 7. The sums of the spectroscopic factors and the
centroid energies for the krypton isotopes. The lengths
of the horizontal lines are proportional to the sums of
the spectroscopic factors.

The sums of the spectroscopic factors and the
centroid energies for the krypton isotopes are
shown plotted in Fig. 7, and are listed in Table V.
The length of the horizontal lines is proportional
to the sums of the appropriate spectroscopic
factors. The 0.035-MeV transition in ®3Kr is a
likely candidate for a p,,, state, and the four weak
states between 1.0 and 2.0 MeV excitation are then
most probably /=0 or 2 transitions. This would
have the effect of slightly increasing the values
>5:S¥2 and/or 3 ;S}’? for **Kr in Table V.

For shell-model orbitals above N =50, the cen-
troid energy for 3s,,, states increases uniformly
from 0.76 MeV to "°Kr to 2.39 MeV for ®*Kr,
whereas the 2d;,, centroid energy remains rather
constant at about 1.4 MeV. For the 2p,,,, 2p /s,
and 1g,,, orbitals below N=50, the number of
neutrons calculated to be outside the N=28 closed

1245
2'01 35172
] 2dsg/p 2ds/p o
J 3s 5/2
101, —2p32 /2 2p
;—" P3/2 ;.i/?_ssl/z
_ ] Ig9/2 lag/2 201/ 2pi/2
> 2p lg
> 0.0 172 9/2
2 "SGeas ""Seqs "Kra3
% 2'0: 3Si/2 3si/2|
g L] = (7"
A 2ds/2 2ds,2
TR — 2
104 P3/2
> I
o -
5 ]-293/2 —— 2p3p
= 199/2 9972 2
Pi/2
2 o0l 2p1/2 2
Pi/2 |
[ 77, 79 8l 99/2
Gegs Seas Kras
2.09
J 3S|/2 3Sl/Z
g
: 2d5/2 2d5/2
1.0 — 2pas2
] —2p3/2
) 19972
0.01 ” 2pi/2 ng-)———— l99/2
Seqr Krag

FIG. 8. A comparison of the summed spectroscopic
factors and the centroid energies for the krypton iso-
topes, obtained in the present work, and those deduced
for the germanium (Ref. 3) and selenium (Ref. 4) iso-
topes. Comparisons are made between nuclei with the
same number of neutrons. The lengths of the horizontal
lines are proportional to the sums of the spectroscopic
factors.

shell from the equation'®

n=;(2J+1)(1—ESJ>

is in reasonable agreement with the expected num-

(3)

TABLE V. Sums of the spectroscopic factors and the centroid energies for the krypton
isotopes as found in the present work for the indicated shell-model orbits. Comparisons
based on pairing theory are shown for the 2p3/,, 2p;/,, and 1gy), orbitals.

Shell-model orbits

2b3/2 204/ 1gyy

Exptl. Theory?®  Exptl. Theory?®  Exptl. Theory?® 2d;; 3sip

Es{ Kr 0.06  0.03 0.67  0.21 0.51 0.64 0.42 0.44
i 8Ky 0.15  0.02 0.42 0.12 0.38 0.46 0.69 0.40
8Ky 0.08  0.02 0.06 0.46 0.28 0.57 0.52

8Ky b 0.00 0.08 0.00 0.19 0.50 0.62 1.03

E; (MeV) "Kr 0.81  2.09 0.21 0.00 0.15  —0.22 1.23 0.76
Ky 0.59  2.79 0.14 0.58 0.00 0.00 1.42 1.46

8y 0.57  3.21 0.91 0.00 0.00 1.40 1.88

8Ky b 0.30 1.26 0.00 0.00 0.26 2.39

2 Based on parameters of Ref. 19.

b Reference 6.
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ber. In Table V a comparison has been made for
the 2p,,,, 2p,,5, and 1g,, orbitals between the ex-
perimental results and the values U;? for the non-
occupation probabilities, and the quasiparticle
energies E;, deduced from pairing theory.’® The
values of €; and A have been taken from Ref. 19.
It is evident that for the 2p,,, and 2p,,, subshells
the experimental values of 7S are much larger
than the corresponding predicted values of U2,
and the experimental values of E; are lower than
the predicted values. It is probable that for these
nuclei such effects as the proton-neutron inter-
action and the long-range quadrupole interaction,
ignored in the simple pairing theory, may be
rather important. Rather similar results were
obtained by Lin* in attempting to explain (d, p) and
(d, t) data on the Se isotopes in terms of pairing
theory.

The summed spectroscopic energies and cen-
troid energies of the present work in the krypton
isotopes are compared with corresponding results,

obtained in studies of germanium and selenium
isotopes in Fig. 8. Again, the lengths of the hori-
zontal lines are proportional to the sums of the
spectroscopic factors. Comparisons are specifi-
cally made between nuclei with the same number
of neutrons. For the 43-neutron nuclei Ge, "Se,
and "Kr there is a pronounced decrease in the
centroid energies of 3s,,, states between "Ge and
Kr. For the 45-neutron nuclei ""Ge, "°Se, and
8Kr, and the 47-neutron nuclei ?'Se-*Kr, the
centroid energies of the 3s,,, and 2d;,, states are
about constant. The 2p,,, centroid energies appear
consistently higher in the selenium isotopes than
in either of the germanium or krypton isotopes.
The 1g4,, and 2p,, centroid energies are in rea-
sonable agreement for all isotopes.
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