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The "*72Ge(n,p)’*"*Ga reactions have been measured at a beam energy of 200 MeV in order to study
the behavior of Gamow-Teller (GT) strength near the N =40 subshell closure. The GT quenching factor
extracted for °Ge is consistent with results for **Fe and with calculations done on the quasiparticle
random-phase-approximation model if they are renormalized by a factor of about 0.6. The quasiparticle
random-phase approximation predicts a drastic reduction in concentrated GT strength from °Ge to
2Ge which is also seen in the data. These results are relevant to models of supernovae.

PACS number(s): 25.40.Fq, 24.30.Cz, 27.50.+e¢

I. INTRODUCTION

Charge-exchange reactions at intermediate energy have
been very useful in the study of spin-isospin excitations of
the nucleus [1,2,3]. In particular, the dominance of the
isovector spin-flip component, V,,, of the nucleon-
nucleon interaction at energies above =100 MeV acts as
a filter for Gamow-Teller (GT) transitions at low momen-
tum transfer. The isobaric analog resonance (IAR) which
dominates the (p,n) spectrum at low energy is suppressed
in intermediate-energy (p,n) reactions. This property of
nucleon charge-exchange reactions makes it possible to
study GT strength relatively free of background at inter-
mediate energies. Furthermore, the IAR is not excited in
(n,p) reactions because of isospin selection rules. Back-
ground due to the presence of the IAR is therefore not a
problem in the (n,p) direction.

This paper describes a study of the suppression of GT
strength near the subshell closure at N =40 using the
(n,p) reaction on °Ge and "?Ge. These data, which are
related to electron-capture rates, are relevant to models
which describe supernova formation.

Electron-capture rates in fp shell nuclei are important
input parameters to models of stellar collapse leading to
the formation of a supernova [4,5]. At the end of the
burning cycle of a star, there is no more nuclear fusion to
oppose gravitational collapse. However, there are a large
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number of free electrons present and the relativistic elec-
tron gas pressure stabilizes the star. Stellar collapse is in-
itiated when the mass of the core exceeds the Chan-
drasekhar mass M, =5.8(Y?)M g, where Y, is the ra-
tio of the number of electrons to the number of baryons
and M g is the mass of the sun. When the collapsing core
reaches nuclear density, nucleon-nucleon repulsion
causes it to bounce back and create a shock wave which
propagates outward. This could lead to an explosion,
ejecting material from the envelope and leaving behind a
neutron star or a black hole. Detailed discussion of stel-
lar collapse can be found in Refs. [6,7].

Current models have trouble producing a supernova
because the shock wave loses too much energy as it prop-
agates through the envelope. These models are sensitive
to the mass of the collapsing core and therefore to Y,.
The latter, in turn, is sensitive to electron-capture rates
since this process will reduce the number of free electrons
present while leaving the baryon number unchanged. Be-
cause the star is at the end of its cycle, the core is made
up mainly of fp shell nuclei, notably in the Fe region.
Studies of electron-capture rates in some of these nuclei
(*8Ti, 3V, 3*Fe, °Fe, *®Ni, and °Co) have been done at
TRIUMF [8-11] using the nucleon charge-exchange fa-
cility described below. Gamow-Teller transitions
(AT=AS=1, AL =0) are the prime determinant of the
electron-capture rate. Of particular interest is what hap-
pens to the GT strength as the neutron shell fills. This
filling is brought on in a collapsing star by electron cap-
ture itself which changes protons to neutrons in the nu-
cleus. In the simple shell model, as the neutron shell fills,
the number of final states available for electron capture is
reduced until the transitions are blocked to first order.
This would increase the value of Y, and hence the mass
of the collapsing core. We choose the germanium iso-
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topes to study the effects of the filling of the neutron shell
since they are the closest stable nuclei.

The data are compared to quasiparticle random-
phase-approximation (RPA) calculations which have
been used to explain the suppression of double 5 decay
[12].

II. STRUCTURE OF °Ge AND "*Ge

In the simple spherical shell model, "°Ge has four pro-
tons in the p; ,, shell [7(p;,,)*], and six neutrons in the
fs,, shell [v(f5,,)%]. The p,,, neutron shell is empty
and the m(p;,,)—v(p;,,) GT transition is allowed. In
"Ge, the p, ,, neutron shell is filled and the GT transition
is blocked. Hence, we expect to see GT strength in
©Ge(n,p) but none in "*Ge(n,p). This picture is certainly
much too naive. The 7(f;,,)—>v(f5,,) GT channel is
opened by two-particle—two-hole excitations out of the
v(f's5,,) shell. More complicated excitations would open
even more channels.

The situation is in reality much more complex than de-
scribed above. The germanium isotopes are not spherical
but deformed. In fact, there is evidence of a shape transi-
tion from oblate to prolate between N =40 and 42.
Vergnes et al. [13] found that the sharp maximum in the
cross section to 07 excited states observed in both ( p,t)
and (t,p) reactions occurs for final nuclei which differ by
two neutrons. This is similar to the situation in
N =88-90 nuclei where there is a shape transition and
excited 0% states are shape isomers. However, Vergnes
et al. find that there is a larger overlap between the
N =40 and 42 ground states than in the heavier nuclei.
Furthermore, studies of (p,?) reactions at sub-Coulomb
triton energies [14] indicate that the anomalous shape of
the 07 angular distributions can be explained without
recourse to a shape transition.

The picture that emerges from all this work is that the
germanium isotopes are quite soft but that the shape
transition, if it exists, is not as pronounced as in
N =88-90 nuclei. The ground and excited states of
0.712Ge and 7®7?Ga are likely to be complicated
configurations which include the p;,,, fs5/,2, P12, and
89/, orbitals. In fact, Ardouin et al. [15] have found that
a 7(fs,,)%(p3,,)* component of up to 72% in the "*Ge
ground-state (g.s.) wave function is consistent with their
data. Given the uncertainty on the structure, a RPA cal-
culation which spans a large model space does not seem
inappropriate. We will compare our results to such a cal-
culation.

III. EXPERIMENTAL METHOD

A. TRIUMF CHARGEX Facility

The TRIUMF nucleon charge-exchange (CHARGEX)
facility is discussed in detail elsewhere [16]. A short
description is included here for completeness. The setup
for (n,p) experiments is shown schematically in Fig. 1.

A proton beam from the TRIUMF cyclotron strikes a
neutron production target located 92 cm upstream of the
pivot of the medium resolution spectrometer [17] (MRS)
on beam line 4B. A compact sweeping magnet bends the
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FIG. 1. TRIUMF charge-exchange facility in the (n,p)
mode. The neutron beam is produced by the "Li(p,n)"Be reac-
tion and the protons from the secondary (n,p) scattering are
detected in the MRS. The primary proton beam is deflected 20°
into a shielded beam dump.

proton beam 20° to the right into a shielded beam dump.
The neutrons from the primary target continue
undeflected by the magnetic field and strike the secon-
dary target of interest at the MRS pivot. The 'Li(p,n)"Be
reaction is used to produce a nearly monoenergetic beam
of neutrons. This reaction populates the ground state
and the unresolved 429-keV state in 'Be; this contributes
to the energy spread of the neutron beam. Furthermore,
a long continuum tail is produced which amounts to
about 1% of the peak area per MeV. A method of ob-
taining the neutron line shape for deconvolution from the
(n,p) spectra is described in Ref. [8]. The neutron flux at
the (n,p) targets is about 10°/(sec/cm?) for a beam in-
tensity of 350 nA and a 110-mg/cm?-thick "Li target.

The (n,p) target box consists of six target layers
separated by proportional wire chambers [18]. A thin
scintillator upstream of the target box vetoes charged
particles. The first wire chamber consists of a double
plane, both of which also act as vetos. The target ar-
rangement for this experiment was Be (142 mg/cm?), 2
2Ge (173.1 mg/cm? 181.0 mg/cm?), 2 °Ge (205.4
mg/cm?, 198.7 mg/cm?), CH, (44.3 mg/cm?). Two other
stacks were used, one with six CH, targets, the other with
all positions empty except the last one (CH,) used for
normalization. The pattern of hit wires in the target box
determines in which of the six layers the (n,p) reaction
took place. Corrections are made for energy loss in the
subsequent targets and relatively good resolution (=1
MeV) can be recovered. Furthermore, the layered ar-
rangement allows the use of a target of known cross sec-
tion (usually CH,) in one of the positions to normalize the
data independent of beam current, dead time, and MRS



efficiency. A good efficiency is required for the target
wire planes to reduce the occurrence of target
misidentification. A method for determining these
inefficiences can be found in Refs. [8,18]. Two front-end
chambers (FEC’s) at the entrance to the MRS are used to
raytrace back to the (n,p) target. Software gates on the
target coordinates are used to eliminate background from
scattered beam particles or neutrons undergoing reac-
tions outside the target.

The proton beam was integrated using the beam dump
as a Faraday cup. A small reverse leakage current was
monitored and remained relatively constant throughout
the experiment (I =—2.5 to —4.0 nA compared to
It =350-450 nA).

B. Germanium targets

Germanium oxide targets were not used because the Q
values of the various (n,p) reactions [Q(!%0)=—9.64
MeV, Q(°Ge)=—0.88 MeV, Q("?Ge)=—3.21 MeV]
are such that we would get only 6.5-8.5 MeV in excita-
tion energy free of background from the '%0(n,p)'*N re-
action. Isotopically enriched germanium (98.45% for
Ge, 97.86% for "*Ge) was obtained on loan from Oak
Ridge National Laboratory. Both isotopes were in
powder form. The targets were mounted in aluminum
frames (2 cm X5 cm X0.159 cm) with 25.4-um-thick (4.7
mg/cm?) beryllium windows. Beryllium was chosen be-
cause of the low °Be(n,p)°Li cross section. A thick Be
target was included at the front of the stack and the yield
was scaled to the thickness of the windows and subtract-
ed from the Ge data.

IV. RESULTS

Data were taken at five MRS central angles (0°, 3°, 6°,
10°, and 15°) for a proton beam energy of 200 MeV.
These angles correspond to average scattering angles in
the laboratory frame of 1.8°, 2.8° 5.8°, 9.8°, and 14.8°.
The differences arise from the solid angle subtended by
the secondary (n,p) targets with respect to the neutron
production target and the acceptance of the MRS.

Corrections were made for the difference in neutron
flux and MRS solid angle for each individual target layer
using the (CH,)® stack. Corrections were also made for
the acceptance of the spectrometer as a function of exci-
tation energy determined by sweeping the peak from the
"H(n,p) across the focal plane by varying the magnetic
field. This measurement also fixed the momentum cali-
bration of the spectrometer.

One of the major concerns with the secondary target
box is the problem of target misidentification. This hap-
pens mostly when a proton from one target is identified
as coming from the target immediately downstream of it
due to an inefficiency in the wire plane separating them
(target leak through). This effect is corrected by subtract-
ing from the downstream spectrum a fraction of the
upstream spectrum determined from the measured
inefficiencies of the target wire planes [8]. Because of this
effect, targets with large yields, such as CH,, are placed
in the last position of the stack.

Since the targets are interspersed with wire chambers,
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a small contribution to the spectra arises from the detec-
tor gas and windows which is corrected by the subtrac-
tion of spectra recorded without the (n,p) targets. This
contribution is very small except at Q =0 MeV where the
H(n,p) reaction has a peak, and only significant for "°Ge
(Q value of —0.88 MeV). The presence of the Be win-
dows, a small correction, was also taken into account as
described above. Tight cuts were necessary on both hor-
izontal and vertical target coordinates to eliminate con-
tributions from the target frames.

The "Li(p,n)’Be reaction does not produce strictly
monoenergetic neutrons and the tail of the distribution
must be deconvoluted from the data. This procedure is
described in Ref. [8].

The results for the cross section versus the excitation
energy in gallium are shown in Figs. 2 and 3. The rela-
tively weak peaks at E, ~0.5 and 4.5 MeV in °Ga are
consistent with L =0 angular distributions and are
identified below as GT transitions. There is no obvious
GT peak in the ?Ge(n,p) spectrum. Note that the small
peak at negative excitation energy is a remnant of the
H(n,p) reaction in the wire chamber gas and windows.
The broad bumps at E, =10-15 MeV in both nuclei have
angular distributions which agree with an L =1 shape
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FIG. 2. “Ge(n,p)’°Ga cross section at five angles between
1.8° and 14.8°. The small peaks at 0.5 and 4.5 MeV in the 1.8°
spectrum are identified as Gamow-Teller transitions.
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FIG. 3. "Ge(n,p)’?Ga cross section at five angles between
1.8° and 14.8°. There are no obvious peaks in the 1.8° data as
predicted by the QRPA model. The small peak at 1.8° and neg-
ative E, is a remnant of the H(n,p) reaction.

characteristic of a dipole resonance. Ge(n,p) cross sec-
tions were obtained relative to those of the H(n,p) reac-
tion observed with the CH, target at the back of the
stack. A value of 53.2 mb/sr was used for the 'H(n,p)
cross section in the laboratory frame at 1.8°. This was
taken from a phase-shift analysis of N-N data [19].

V. DISCUSSION
A. Multipole decomposition

To extract strengths for the different giant resonances,
in particular, the Gamow-Teller strength, a multipole
decomposition of the cross sections was done. The data
were summed into 1-MeV bins and angular distributions
were generated for each one. Theoretical angular distri-
butions for each angular momentum transfer were calcu-
lated using the distorted-wave impulse approximation
(program DWs1 [20]) with the Franey-Love interaction
[21] at 200 MeV. The optical potentials for the distor-
tions in DW81 were generated using the program MAINX8
[22] and a three-parameter Fermi distribution with pa-
rameters W =0, R =4.409, Z =0.583 taken from elec-
tron scattering on '°Zn [23]. The following simple shell-

model configurations were assumed for the final
states of the '°Ge(n,p) reaction (initial state
T(f7,20%P32) WI(f1,2)%(P3,2)%(f5,2)°] with respect to
a *’Ca core):

AL =0: [77(173/2)3;"@1/2)]1+ ’
AL=1": [7T(f7/2)7av(g9/2]1‘ ’

AL=2: [7(p;, )3’V(P1/2)]2+ .

The same shapes for the angular distribution were used
for 7?Ge. The variation in the AL =2 angular distribu-
tions for the different J,,, is small and the choice of the
configuration is not crucial in this case. However, the
shapes for AL =1 (J"=0",17,27) vary somewhat de-
pending on JE ;. Without a detailed shell-model calcula-
tion, it is difficult to known how to combine the three
shapes. The simplest procedure is to choose one. The
multipole decomposition is very sensitive to the AL =1
shape, especially at small angles. Celler et al. [24] have
shown that the distorted-wave impulse approximation
(DWIA) does not reproduce the experimental AL =1 an-
gular distribution for ®N(n,p)!>C. They also show that
the small, extracted GT strength disappears if the experi-
mental shapes are used for AL =1. This effect will in-
duce systematic errors in the determination of GT
strength, particularly since this strength is weak in our
case.

It should be noted that the fitting procedure will lump

"Ge(n,p)”Ga 200 MeV

75 r—
E -1 — 0 MeV |

d®0c/dQ dE (mb/sr MeV)

FIG. 4. Typical angular distributions for the °Ge(n,p)°Ga
reaction. The panels are labeled by excitation energy. The dis-
tributions are dominated from top to bottom by AL =0,1,2, re-
spectively. The dashed curve is the AL =0 fraction of the cross
section while the dash-dotted and dotted curves correspond to
AL =1 and 2, respectively. The full curve is the total fit to the
data.



all AL =2 strength into the AL =2 shape. The Q-value
dependence of the theoretical angular distributions is tak-
en into account by doing the calculations from E, =0 to
40 MeV in 10-MeV steps and interpolating in between.
The angular distribution for each energy bin was fitted in-
‘dependently with a computer program which uses the
MINUIT minimization routines. This procedure is de-
scribed in Refs. [8,25]. Typical angular distributions are
shown in Fig. 4. The three plots are for excitation energy
bins where each of the three shapes (AL =0,1,2) dom-
inates.

The results for the decomposition of the °Ge data at
1.8° and 5.8° are plotted in Figs. 5 and 6, respectively.
The “right-hatched” region (hatched from the bottom
left to upper right) shows the AL =2 strength, while the
“left-hatched” region (hatched from the bottom right to
the upper left) represents the AL =1 strength. The
AL =0 strength is shown as the crosshatched region. It
is clear that the two peaks at about 0.5 and 4.5 MeV at
1.8° are predominantly AL =0. The multipole decompo-
sition does not extract reliably small components of the
cross section. Because of this, we only consider GT
strength where the AL =0 component dominates. This
also corresponds to the region where GT strength is pre-
dicted by theory. The cross section integrated below 8
MeV is 8.72+0.24 mb/sr. Note that the uncertainty
does not include any error on the H(n,p) cross section
taken from the phase-shift analysis. The multipole
decomposition indicates that 41% of this is AL =0. An
uncertainty of 15% in this fraction (i.e., £6.2%) is es-
timated based on experience with the decomposition pro-
gram (e.g., by varying the shapes of the theoretical angu-
lar distributions). We obtain

Ge : 0 _((1.8°)=3.6+0.55 mb/sr .

The results for ?Ge at 1.8° and 5.8° are shown in Figs. 7

"Ge(n,p)™Ga, 200 MeV
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FIG. 5. Multipole decomposition of the °Ge(n,p)°Ga cross
section at 1.8°. The crosshatched region is the AL =0 com-
ponent while the left- and right-hatched regions are AL =1 and
2, respectively.
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FIG. 6. Multipole decomposition of the °Ge(n,p)°Ga cross
section at 5.8°. The hatching is the same as in Fig. 5.

and 8, respectively. The meaning of the hatching is the
same as in the previous plots. The decomposition yields a
broad distribution with no clear peaks. Integrating over
the region where GT strength is predicted (E, <10
MeV), and using the fact that the decomposition gives a
34% AL =0 fraction below 10 MeV, we get

Ge: 0, -0(1.8°)=3.710.6 mb/sr ,

where we have again included an arbitrary uncertainty of
15% on the AL =0 fraction. In this case, this is certainly
an underestimate of the error because of the lack of a
strong GT peak.

B. Alternative method

As mentioned above, the uncertainty in the AL =1
shape can cause spurious GT strength to appear in the

?Ge(n,p)”Ga, 200 MeV
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FIG. 7. Multipole decomposition of the ">Ge(n,p)’>Ga cross
section at 1.8°. The hatching is the same as in Fig. 5.
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FIG. 8. Multipole decomposition of the "*Ge(n,p)"*Ga cross
section at 5.8°. The hatching is the same as in Fig. 5.

multipole decomposition, especially when this strength is
weak. We have attempted to determine the magnitude of
the error by using an independent method to extract the
AL =0 cross section. This simple method has been used
by Rapport et al. [26]. It is based on the fact that the
AL =0 cross section drops dramatically between 0° and
6° while the AL =1 cross section varies much less. The 6°
data are used to approximate the AL =1 contribution to
the 0° spectrum at low excitation energy. In practice, the
6° data are normalized to the 0° data at E, =10 MeV, and
then subtracted from the latter. What is left is taken to
be the AL =0 cross section. This procedure is illustrated
in Figs. 9 and 10 for "°Ge and 7>Ge. If we include an ar-
bitrary uncertainty in this procedure of 20%, we obtain,
for E, =8 MeV,

01 —o(1.8°,7°Ge)=3.1+0.6 mb /sr ,
01 —o(1.8°,72Ge)=1.0+0.3 mb/sr .

—~4.0 T T T T T T T

70Ge(n,p)70Ga
3.0 b y .

1y g

1.0 -

Cross—section (mb/sr MeV

0.0

10 20
E_ (MeV)

FIG. 9. Illustration of the determination of the AL =0 com-
ponent of the °Ge(n,p)’°Ga cross section at 1.8° using the 5.8°
data to approximate the AL =1 component. The data points
are for the 1.8° cross section. The dashed curve is the raw 5.8°
data which are subtracted from the 1.8° after being normalized
to the latter at E, ~10 MeV (full curve).
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FIG. 10. Same as Fig. 9 but for the ">Ge(n,p)"*Ga reaction.

We point out that caution must be exercised in the in-
terpretation of these results. In particular, this procedure
implies that GT strength which has the same distribution
in excitation energy as the spin-dipole resonance is
missed.

C. Gamow-Teller strength

The charge-exchange cross sections at 200 MeV have
been calibrated against known S decays [27,28]. In this
mass region, the ratio o /B (GT) is about [28] 5. Howev-
er, since this number is for g =w=0, where ¢q is the
momentum transfer and o the energy transfer, we must
extrapolate our data to 0°. This was done with the
DWIA and the ratio 0(0°) /o (1.8°) was found to be 1.16.
Therefore, for °Ge with the multipole decomposition:

061(0°)=4.2+0.6 >B(GT)=0.84+0.13 ,

E,<8.1 MeV ,
for "°Ge with method 2:
061(0°)=3.6+0.7—B(GT)=0.72+0.14 ,

E,<7.6 MeV ,
for >Ge with the multipole decomposition:
067(0°)=4.3+0.7— B (GT)=0.86+0.14 ,

E,<9.8 MeV ,
for >Ge with method 2:
067(0°)=1.2+0.2— B (GT)=0.23+0.05 ,

E,<7.8 MeV .

The results for "°Ge are similar and agree within the
uncertainties. We can probably consider them as an
upper and lower limit on the GT strength. On the other
hand, the numbers for ?Ge do not agree. Due to the
problems associated with both methods of extracting the
AL =0 component of the cross section, we can only
quote an upper limit on the GT strength in 2Ge
(<0.86), which is very uncertain.
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D. Quasiparticle random-phase-approximation calculations

We now compare our results for the Gamow-Teller
strength to predictions of the quasiparticle random-
phase-approximation model (QRPA) of Vogel, Zirnbauer,
and Engel [12]. This is the same model that gives good
agreement with the >*Fe(n,p)*Mn and **Fe(p,n)*Co
data [8] if the calculations are renormalized by a factor of
between 0.62 and 0.68. The results of the QRPA calcula-
tion for the (n,p) reaction on °Ge and "’Ge are plotted in
Fig. 11 where they are compared to the AL =0 com-
ponent of the cross section deduced from the multipole
decomposition. The location of the GT strength in "°Ge
is predicted rather well although the relative strength of
the peaks is not correctly predicted.

The integrated GT strength for °Ge(n,p)°Ga is
B(GT)=1.33. This gives a quenching factor of between
0.54 and 0.63 for °Ge depending on which method is
used to extract the AL =0 component. The predicted
GT strength for *Ge(n,p)’?Ga is B(GT)=0.3. Due to
the uncertainty in B(GT) for >Ge, no quenching factor
can be reliably determined for this nucleus.

The quenching factor for °Ge is consistent with the
>4Fe results. Furthermore, the QRPA predicts very little
strength for ”’Ge which is consistent with our observa-
tions. The QRPA model reasonably predicts GT
strength in the fp shell within a quenching factor of
about 0.6-0.7, although the reduction of strength for
2Ge agrees only qualitatively with the data.

E. Spin-dipole strength

For completeness we give the integrated AL =1 cross
section at 5.8° which is identified as the spin-dipole reso-
nance:

o(Ge,AL =1,6=5.8")=29.8%5 mb/sr ,

E,<25.1 MeV ,
o("*Ge,AL =1,0=5.8°)=23.41+4 mb/sr ,

E, <25.3 MeV ,
where we have included an estimated 15% uncertainty on
the multipole decomposition.

VI. CONCLUSIONS

The 2 Ge(n, p)7°'72Ga reactions have been measured
at 200 MeV to study the distribution of Gamow-Teller
strength in nuclei near the N =40 subshell closure.
These data are relevant to models of supernovae since the
electron-capture rates in nuclei in this region of the
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FIG. 11. Comparison of the AL =0 cross section for the
Ge(n,p) and *Ge(n,p) reactions determined by the multipole
decomposition of the 1.8° data with the predictions of the
QRPA model. Recall that the strength at negative E,, in par-
ticular for "’Ge, is left over from the subtraction of the H(n,p)
yield determined from the empty runs.

periodic table influence the value of Y,, the ratio of free
electrons to baryons in the star.

The distribution of GT strength for the °Ge(n,p)"°Ga
reaction is reasonably well reproduced by the quasiparti-
cle random-phase-approximation model of Vogel et al.
while the summed strength is smaller by a factor of be-
tween 0.54 and 0.63. These results are consistent with
(n,p) and (p,n) data on **Fe. The extraction of GT
strength from the ’Ge(n,p)?Ga is made more difficult
than for °Ge by the absence of concentrated AL =0
strength. The conclusions drawn from these data are
therefore of a qualitative nature only. The QRPA does
not predict any concentrated GT strength which is con-
sistent with the data.

In conclusion, we have observed a reduction in the
Gamow-Teller strength in germanium isotopes when the
neutron number is increased from 38 to 40. This is con-
sistent with a QRPA model which correctly predicts total
GT strength for fp shell nuclei, within a quenching factor
of about 0.6-0.7, although the behavior for ">Ge agrees
only qualitatively with the data.
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