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Allowed Fermi and Gamow-Teller beta decay
transition rates provide a special class of nuclear
model information because of the simple relationship
between the model description of the nucleus and the
transition process. The Fermi (F) operator changes
only the isospin projection of a nucleon. The
Gamow-Teller (GT) operator changes the projections of
both isospin and spin. The transition rate between
mirror states is the incoherent sum of the rates for
the Fermi and Gamow-Teller components. All of the
Fermi strength appears in the mirror state traasition,
but due to the spin-orbit interaction, the GT strength
is distributed between the spin-orbit pair states, and

only a fraction of the total GT strength is contained

in the mirror state transition.
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In mass 13 the ratio of measuredl! and calculated?
GT strengths for the 1/2~ » 1/2~ mirror transition is
0.66. This ratio is consistent with the “"typical"” GT
quenching factor. However, the calculated B(GT) value
for the strongest transition,2 that from the ground
state of 13C to the 3/27, 3.51-MeV level in 13N, is
B(GT)=2.38, while the value deduced from our (p,n)
measurements3 is B(GT)=0.85+0.03, a discrepancy of
nearly a factor of three. The calculated B(GT) summed
over all levels is 3.95.

For mass 15, if we hold only to the restriction
that the model space be limited to the p-shell, unlike
the situation in mass 13, the total GT strength and the

distribution of strength between the p 1/2 and p 3/2

hole states are independent of the spin-orbit splitting



and of the two-body residual force. The total strength
in this model is B(GT)=3, with B(GT)=8/3 going to the p
3/2 hole state and B(GT)=1/3 going to the p 1/2 hole
state.

We have recently re-examined the distribution of
strength in the mass 13 system and made new
measurements in the mass 15 system. The normalization
of our measurements requires that we know the fraction
of the mirror state cross section attributable to GT
strength. The previous method we used to deduce this
fraction could be open to some question and we felt
that it needed corroboration. We have now measured the
spin-flip probability Syy(0°) for (p,n) reactions on
13¢ and !°N. This observable can be used to obtain a
determination of the GT fractions independent of the
method used in Ref. 3. In addition, we point out that
both methods are independent of the absolute
normalization of the (p,n) cross sections and make use
only of relative cross sections, which can be
determined quite reliably.

The cross sections and transverse spin-flip
probabilities for l3c(p,n) and 15N(p,n) were measured
at zero degrees using a 160 MeV polarized proton beam
from the Indiana University Cyclotroun Facility and a
neutron polarimeter consisting of bars of plastic
scintillator at the end of a 45 meter flight path. The
polarimeter is described briefly elsewhere? and will be
described more fully in a future publication. The
targets were pressed wafers of carbon (>95% 130) and
Melamine (C3H615N6, > 99% enrichment in !S5N).

The results of our measurements are displayed in
Table I, and the (p,n) spectra are shown in Fig. 1.

The carbon contribution to the Melamine-target spectrum
was subtracted by making use of data obtained under the
same experimental conditions with a natural carbon

target. Table I also shows calculated and
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o—(B,Ex) (mb/sr MeV)

0

excitation energy E, (MeV)

Figure l. Spectra measured for the (p,n) reaction on
C and 15N at a proton energy of 160 MeV and a
scattering angle of 0°.

experimentally deduced values of B(GT). The shell
model calculations are based on the assumption that
these nucleil can be characterized as p-shell nuclei.?
The ground state to ground state B(GT) values are
deduced from beta decay ft values. We have used values
from Raman et al.l

Excited—-stdate transition strengths can be
extracted by first decomposing the ground state cross

section into Fermi and Gamow-Teller parts by using the

observed relationship between GT and F transitions.3

OGT/OF = (Ep/55+1 MeV)2[B(GT)/B(F)], (1)

where B(F)=N-Z. Ouce the fraction fgr=ogy/(ogrtorp) of
the cross section attributable to the GT part of the

mirror transition has been determined, the cross



TABLE I. Cross sections, spin-flip probabilities, and GT transitions strengths

for 13¢(p,n) and 15N(p,n) at © = 0° and Ey = 160 MeV.

Final State c(0°)3 SNN(0°) B(GT)expt B(GT)model
(mb/sr)

13§y¢0.0,1/27) 4,220.1 0.46+0.02 0.206+0.004b 0.323e

13§8¢3.51,3/27) 10.520.1 0.66+0.02 0.83+0.03¢ 2.38
0.75+0.05d

150¢0.0,1/27) 4.5+0.1 0.53+0.03 0.261+0.006D 1/3

150(6.18,3/27) 10.8+0.1 0.70£0.03 1.00£0.03¢ 8/3
0.80+0.06d

150(8-12,3/2-) 3.2:0.1 0.68+0.04 0.30+0.02¢
0.26+0.02d

a Statistical uncertainty only. Absolute normalization uncertainty is * 15%.

b Transition strength determined from ﬁ+ ft values, Ref. 1.

¢ B(GT) determined from (p,n) cross section ratios at 160 MeV and the method
of Eqs. (2) and (4). Note that the value for 13N(3.51 MeV) differs
slightly from that in Ref. 4 because we have not averaged in values
obtained at other energies.

d  B(GT) determined from (p,n) data and Eqs. (3) and (4).

€ Shell model transition strengths, Cohen-Kurath "POT" wave functions,

Ref. 2.
section per B(GT) for that target is known. Values of uncertainties, but also real deviations from the
B(GT) for excited states are then extracted with this nominal value that can be attributed to L#0 amplitudes
proportionality factor. in the traunsition.

The spin—-flip probability measurements give a The two procedures for extracting the GT fractioa
second (independent) determination of the GT fraction in the ground state and B(GT) for excited states can be
in the ground state cross sections. The spin-flip summarized in the following formulas:
probability for these transitions is the weighted sum fer = [l + B(F)/By(cT)R?]™1 )

or
of the pure GT value of Syy(0°,GT)=0.66+0.03 and the
for = SNN(0°,M)/SNN(0°,GT) (3)
Fermi value of zero. The "pure GI" value represeats an
and
average obtained from measurements of Syy for many GT
Bx(GT) = (ox/ow)Fer ™ 'By(GTIF(), (4)
transitions at 160 MeV.4 This value is consistent with
the value 2/3 expected for a pure L=0 transition. The where R=Ep/(5511 MeV), M refers to the mirror (ground
uncertainty represents not oanly experimental state) transition, and x refers to the excited state.
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The factor F(q) 1s a correction for the momentum
transfer dependence of the differential cross sections
and is constrained by 1.00<F(q)<1.10 for the cases
studied here. The values of B(GT) for the excited
states shown in Table I indicate that the methods of
Eqs. (2) and (3) are more or less consistent. If
anything, the spin-flip probability procedures makes
the quenching of the 3/2~ transitions look even
greater.

For the strongest transitions in both mass 13 and
mass 15, the values of B(GT) extracted by the above
procedures are reduced from the lp shell-model values
by factors much larger than typical GT quenching. A
striking feature is that the model predicts a ratio of
8:1 for the 1/2 » 3/2 to 1/2 » 1/2 transitions in mass
15, yet the observed ratio is only about 4:1.
Similarly, in mass 13, a shell model calculation?
predicts a ratio of 7.5:1 for the ratio of the
strongest 1/2 + 3/2 transition to the mirror state
1/2 » 1/2 transition, while the observed value is about
4:1.

The (p,n) data show for the first time in clear
isolation the comparison of GI transition strengths to
The data

different members of a spin—orbit pair.

suggest that the 1/2 » 3/2 GT transitions are more
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quenched than the 1/2 + 1/2 transitions when compared
to simple shell model calculations restricted to the p

shell. The nature of the model failure suggests that

the model space for some nuclei generally considered to
be p—-shell must be enlarged beyond that shell and

perhaps very much beyond that shell. The magnitude of

the discrepancy indicates that some of the appealing
simplicity of the nuclear shell model in providing a
gulde to a valid truncation of the space seems to be
lost. Even for one of the simplest shell model nuclei,

the simple version of the model seems to fail.
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