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ABSTRACT

Gamow-Teller (GT) strength has been extracted from cross-sections for the $4Fe(n,p)**Mn
reaction at 0°, 2.5° 5°, 7°, and 12°, and for an incident energy of 298 MeV. This deter-
mination of the f* GT strength, S, allows for the first time, a full test of the Ikeda sum
rule. These data also show that the best available shell model calculations overestimate this
strength by a factor of 2. This result is significant in models of supernovae since electron

capture in (fp) shell nuclei, which is proportional to S, depletes the relativistic electron
gas in pre-collapse stars.

NUCLEAR REACTION: Fe(n,p)**Mn, E= 298 MeV, angular distribution.
PACS nos.: 24.30.Cz, 25.40.Fq, 27.40.+z
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Charge exchange reactions at small momentum transfer have been very useful
for the study of B decay strength distributions, especially in states for which 8 decay
is not energetically possible 2. In particular, V,,, the spin-isospin flip component
of the nucleon-nucleus interaction, dominates over V., the non spin flip component,
suppressing Fermi transitions in (p,n) reactions above about 100 MeV incident
energy. Furthermore, because of the neutron excess in nuclei, isospin selection
rules do not allow Fermi transitions in (n,p) reactions. Therefore, intermediate
energy nucleon charge exchange reactions are excellent filters of Gamow-Teller (GT)
strength (AT=1, AS=1, AL=0, Ofw excitations) since their 0° cross-section is
proportional to B(GT), the B decay strength.

These reactions can be used to test the sum rule 3:

S_ — S84 = 3(N-2),

where S_ is the integrated GT strength in 8~ decay which is related to the 0° (p,n)
Qomm-wmozon, S4 is the integrated GT strength in B+ decay, related to 0° (n,p) cross-
sections, and N—Z is the neutron excess of the target. Previous (p,n) results have
suggested that as much as 40% of the sum rule strength is missing . This factor
is common to nuclei spanning the periodic table 4. The value of 40% assumed
S4+=0 due to Pauli blocking in neutron rich nuclei, since there was essentially no
experimental information on S, until now.

In this Fg.mn, we present results for the *4Fe(n,p)*'Mn reaction which, when
combined with the **Fe(p,n)**Co results of Rapaport et al 5, will allow the first full
test of the sum rule. GT excitations are not blocked in the (n,p) (AT,=+1) case
because of the 7(f7/;) to v(fs);) transition. Indeed, GT strength has been observed
in the ‘Fe(t,*He)**Mn reaction at 25 MeV . We will also show that shell model

dculations by Bloom and Fuller 7 and by Muto ® overestimate S, by at least a

ctor of two. This result is of interest in astrophysics since S, is related to electron
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ipture rates in (fp) shell nuclei which influence the electron to baryon ratio, Y.,
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stars prior to gravitational collapse. In turn, Y, influences the mass of the core
hich will collapse 7.

Cross-sections for **Fe(n,p)**Mn were measured at five angles between 0° and
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puter program OXBASH 7 with the simple 7(f7/2)~v(fs2) configuration to obtain
B(GT*) and the one body transition densities needed for input to DW81 which was
used to calculate a(0°). As a check, we obtained 0(0°,¢ = 0)/B(GT*) ~ 7 mb/sr
for Fe at 160 MeV, in agreement with the calculation shown in fig. 6 of refer-
ence 2. A further test of the calculation was done at 300 MeV using our data for
the 12C(n,p)'?B,, transition. The ratio was found to be 7.1 experimentally, as pre-
dicted by DWIA. Hence, we can use this method for obtaining o/B(GT) with some
confidence. A value of 3.4 was calculated for the ratio 0(0°)/B(GT) in 5‘Fe at 300
MeV. Note that this is not extrapolated to q=0 but is simply the ratio at 0°. Using
this result, we obtain: S, = 3.8 4 0.4. Bloom and Fuller have predicted Sy=9.1
for a 2 particle-4 hole (2p-4h) model ”. This model includes (1p-1h) excitations
from fr/2 to p3jz,p1j2, and fs); in both the parent and daughter nuclei. Muto has
done a similar calculation and obtains comparable results (S, = 9.4) 8. Thus, these
calculations overestimate GT strength by a factor of 2.4. A likely cause of the large
discrepancy is the severe truncation of the model space used in the calculations.
This truncation has more drastic consequences for (n,p) reactions because they are
more sensitive to the details of the Fermi surface than either (p,n) or (p,p) reactions.
Indeed, in ammanmnoo 8, Muto extends the model space to include 2p-2h excitations
in the parent nucleus and calculates S,= 5.1. However, since 2p-2h excitations
are not included in the daughter nucleus, this model does not satisfy the sum rule
since 7(f7/2) to ¥(fs/,) transitions are not allowed from 2p-2h parent configurations.
Using a sum rule technique which eliminates the daughter wave function from the
evaluation of the total GT strength, Muto estimates S, = 7.4, 20% smaller than the
simpler 1p-1h model. However, this still overestimates the experimental value by
a factor of almost 2, (S*?/ S = 0.51). Similar truncation effects have been seen
in the (sd) shell by Wildenthal and others 8. In other studies, Auerbach et al 1°
and Cha % have shown that the use of RPA wave functions instead of the simplest
shell model reduces the calculated GT* strength by a factor of about 2. Thus, it is
crucial to consider the largest possible configuration space in the calculation of GT

strength for (fp) shell nuclei.

As mentioned above, these results are important for models of supernovae be-
cause the relativistic electron gas which resists the gravitational collapse of the star,
is depleted by electron capture. Thus, the rate of this capture influences the mass
of the core which will collapse and eventually create an outward going shock wave
which may lead to a supernova explosion.

Our result of S, = 3.8+ 0.4 can be used in conjunction with the 54Fe(p,n)*Co
result 5, S_ = 7.8+ 1.9, to test the sum rule. We get: S_ — Sy = 4.0x20.
This is 67% of the sum rule value of 6. However, the large uncertainty also makes
(S5~ = S) consistent with the sum rule. Angular distributions for the $4Fe(p,n)*Co
reaction at 300 MeV have been measured at TRIUMF 21. It is hoped that the AL=0
component can be extracted reliably from these data and that the uncertainty in
S_ can be reduced. More definite conclusions on the sum rule must await this
analysis. Furthermore, we recall that the possible AL=0 (n,p) strength above 10
MeV excitation has been ignored in this analysis. A complete study of the sum rule
will also have to take this into account.

The authors wish to thank Drs. G. Fuller and S. Bloom for providing their
calculations and for useful discussions on the theory related to this paper. This

work is supported by a grant from the Natural Sciences and Engineering Research

Council of Canada.
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