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Neutron energy spectra for the reaction 

26Mg(p,n)26Al have been obtained at proton energies of 

80, 120, 160, and 200 MeV at several angles using the 

IUCF beam swinger system1 and time-compensated neutron 

detectors.2 Four O+ + 1+ transitions and one 0+ + 0+ 

transition which are analogs of measured beta decay 

transitions in 26~i($+)26Al can be resolved in the 

(p,n) data. These transitions have been exploited in 

establishing empirically the proportionality between 

Gamow-Teller matrix elements and (p ,n) cross sections3 

and in deducing the interaction strength ratio v~,/v, 

as a function of bombarding energy for the effective 

nucleon-nucleon interact ionO4 In this report we 

discuss the interpretation of 90 spectra as measures of 

the GT strength function between the ground state of 

26Mg and the 1+ states of 26Al and make comparisons 

between the measured spectra and shell model 

calculations which show the T=O, 1, and 2 manifolds 

separately. We exploit the normalization of the data 

to the 26~i(f3+)26Al transitions to render the strength 

functions absolute in magnitude. 

The T=1 nucleus 26Mg falls more or less in the 

middle of the s-d shell where the valence nucleons are 

both protons and neutrons. Thus, one expects to excite 

all three possible isospin components (T=O, 1, 2) of GT 

strength with the (p,n) reaction. Also, since T is 

small, the T+l strength is not excessively suppressed 

in the (p,n) reaction. Since the nucleus is not near a 

shell closure, the shell model is sufficiently complex 

to provide a severe test of the model's predictive 

capability to calculate the GT strength distributions. 

Indeed, the observed (p,n) spectrum exhibits 

considerable complexity. 

Figure 1 shows a composite view of 0' spectra at 

four bombarding energies. Note that the peak at the 

highest neutron energy (lowest excitation in 26Al) 

falls off in relative intensity as the proton energy 

increases. This peak is due to the 0+ + O+ IAS 

transition. The other peaks retain their relative 

intensities for the different proton energies as they 

should for 0+ + 1+ GT transitions. There appears to be 

also a continum background in the spectrum presumably 

due to quasi-free (p,pn) nucleon-nucleon scattering in 

the nucleus. 



We interpret the peak structure in the 0' spectra 

with the IAS peak removed as a representation of the GT 

strength function. 
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Figure 1. Energy spectra for 26Mg(p,n)26~1 with 
Ep = 80, 120, 160, and 200 MeV. 

In the beta decay of 26~i, values of B(GT) can be 

deduced for the first four GT transitions and the 

analogous transitions are seen in the (p,n) spectra. 

To calibrate the strength function seen in the (p,n) 

reaction, we set the scale so that B(GT)pn = B(GT)@ for 

the strongest GT transition, namely that to the 1.1 MeV 

final state. Table I displays the strengths in tabular 

form. 

Table I. Calculated B(GT) for strongest states 

E,(MeV) T B( GT) 

fraction for absolute 
given isospin strength 

 his value is adopted from beta decay. Our 
calculation yields energies relative to the first 
1+ state. 

A shell model calculation5 has been performed 

using the Livermore vector model codes.6 In this 

calculation the T=O, 1, and 2 components are determined 

separately. The calculated strengths are shown in 

Table I and the comparison between the calculated and 

the measured strengths is shown graphically in Fig. 2. 

The T=O component of strength is concentrated 

mainly near the IAS, and this portion of the strength 

may be thought of as the vestige of the giant GT 

resonance that would occur and be degenerate with the 

IAS for a nucleus with perfect supermultiplet symmetry. 



According to our shell model calculations, this is a 

T=2 state containing 52% of the T=2 strength. The good 
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Figure 2. Comparison of calculated and observed GT 
strength functions. The "observed" strength function 
is reconstructed from gaussian fits of the raw data. 

The concentrated T=1 strength around 10 MeV signifies a 

departure from supermultiplet symmetry and this portion 

of the strength has an analog in 26Mg as a spin 

excitation. This strength should be excited through 

the spin component of the M1 operator, and, indeed, M1 

strength has been observed in the 10 MeV excitation 

region. Strong M1 states have been observed at 10.2, 

10.67, and 11.2 Mev7 in 26Mg which would correspond to 

10.4, 10.9, and 11.4 MeV in 26Al. A broad peak is seen 

in that excitation region in (p,n) which identifies 

well with the envelope of states seen in (e,el). 

Another strong Ml state is seen in (e,el) at 13.3 

MeV in 26Mg which corresponds to 13.5 MeV in 26Al, and 

a peak is seen at 13.6 MeV in the (p,n) spectrum. 

agreement between the observed and calculated strength 

distributions tends to make the calculated T=2 

assignment of the 13.6 :.kV state believable. The fact 

that the 13.6 MeV state appears weaker relative to the 

10.6 MeV states in (p,n) compared to (e,e') is also 

suggestive of a T=2 assignment because the suppression 

of T=2 components in the (p,n) channel relative to the 

(e,el) channel is greater than the corresponding 

suppression of the T=1 components. Detailed 

comparisons of the strength ratios depend also on 

knowledge of the orbital contribution to the (e,el) 

excitation, so it is not possible to make definitive 

use of the intensity ratio for isospin assignments 

without complete reaction and structure calculations. 

A stronger piece of experimental evidence for the T=2 

assignment is the apparent narrowness of the state 

which is above the neutron emission threshold. This 

suggests that the decay is isospin forbidden as would 

be the case if the T=2 assignment is correct. 

As discussed in a preliminary report of the shell 

model  calculation^,^ the suumed streugth contained in 

the complete GT strength function is only about 63% of 

the expected strength. This observed quenching of the 

GT strength may correspond to theoretically 

conjectured coupling of the delta isobar-hole 

components into the GT ~ t r e n ~ t h . 8 ~ 9 , ~ ~  
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The model of the nucleus as an assemblage of Z specially important to study. For example, there is 

protons and N neutrons has for the most part been very little room for model uncertainty in nuclei with 

successful, but the degree to which these bound double-closed shells plus or minus one nucleon. 

nucleons retain the characteristics of free nucleons Mass 39 is, thus, a good case to study. The beta 

has remained the subject of much fascinating conjecture decay of 3 9 ~ a  has been measured. According to the 

and little hard evidence. Recent experiments at IUCF shell model, the ground state transition is a 

have shed new light on the subject. transformation from a d3/2 neutron hole to a d3/2 

Coupling to the weak field is an attribute of proton hole. For that transition the reduced 

nucleons that is amenable to study in both the bound Gamow-Teller transition probability B(GT) must be 315. 

and the free state. Thus, comparisons of measured and The other 12/5 of the required sum strength of 3 must 

calculated beta decay ft values have been the prime go to the d3/2+d5/2 transition. The accepted value of 

source of information concerning the free and bound log ft = 3.60k0.02 for the ground-state transition 

coupling  constant^.^,^ The limitation in using a beta yields B(GT) = 0.35 rather than 0.60, which means 

decay ft value is that it applies to a transition either the axial-vector coupling is quenched by nearly 

between a particular pair of states and, thus, the a factor of 2 or the model is wrong. 

calculated value depends on the model wave functions We have studied the reaction 39~(p ,n13 9 ~ a  in order 

for both states. For that reason simple nuclei are to determine the distribution of GT strength. We chose 


