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ent only as 7.1 and 0.2$ contaminants in the "Kr
and "Kr targets, respectively, states in 7'Kr did
not appear in the "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
"Kr was nearly always possible.
The published values" for the ""'~Kr(d, P)-"'"'"Kr ground-state reaction Q 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 Q values,
and the corresponding peak locations in the spectra
together with the location of the deuteron elastic
scattering peak, the Q 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 "T.he Q-value
determinations for a given group were checked
for consistency and averaged. The absolute un-
certainty in the Q-value determination is believed
to be +20 keV. The "Kr(d, P)"Kr ground-state Q
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

states whose Q values are accurately known. "
We assign the "Kr(d, P)"Kr ground-state Q value
as 5.610+0.015 MeV, in agreement with the pub-
lished" value of 5.630+0.100 MeV. The "Kr
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 "Kr
of -77.659+15 keV, consistent with the value of
-77680+100 keV given in the mass tables. The
Garvey-Kelson mass prediction" yields a mass
excess of -77760 keV for "Kr, 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 opticalpotential
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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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

Sz =&exp rt(2d+1&nwsA~

Except possibly for the 639- and 689-keV states
in "Kr, we believe the l 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 l
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 et a/. ' 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&(2 2P3/2 and 1g„, states is also evident

for the lighter krypton isotopes. No l =3 (1f»,)
states were identified, indicating that the lf,/,
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+n
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 (-,' ) and 183 keV (-,' ),
"Kr: 190 keV (-,' ) 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 l =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 P, 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

TABLE IV. Summary of the DWBA analysis of the
states of 78Kr via the reaction Kr(d, P) Kr.
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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 Kr levels are taken from Ref. 6 and those for Kr
from Ref. 7.

In the present case, the spectra will be 
complex BUT we know level energies to 
high precision and so can do a fit.
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Beamtime estimate and perspectives

Limit is ~ 104 /s for one week run (from experience of HELIOS at Argonne 
National Laboratory)

76Kr - 3.6 X 106 /s on target - 12 shifts

74Kr - 1.8 X 104 /s on target - 21 shifts

Beams expected to be 100% pure using Nb target and cooled transfer line - 
strongly advantageous for “Day-1” experiment


