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Abstract 
29 Gamma radiation and delayed neutrons following the decay of 44.9 ms Na have 

been studied in singles and coincidence mode with mass-separated sources at the 
?9 ISOLDE facility. Evidence for a first excited state in "Hg at 54.6 keV has 

been found, in good agreement with theoretical predictions. From the lifetime, 
T = 1.83 +_ 0.10 ns, deduced from Y-Y delayed coincidences with BaF- counters, a 
transition strength B(M1) = 0.11 w.u. is found for the 55 keV (l/2 +)-
g.s.(3/2 ) transition. A level scheme built on the new state at 55 keV and 

29 involving five new transitions has been established for bound levels in Hg. 
The features of these levels are compared with predictions of shell-model 
calculations, with which they substantially agree. In the neutron 
time-of-flight spectra, high-energy neutron branches have been found in 
addition to the previously reported decays. The observed distribution of the 
Gamow-Teller transition strengths with excitation energy for particle-unbound 

29 
levels in Mg is found to be shifted upward by about 1 MeV relative to 
shell-model predictions. 

Radioactivity Na, mass-separated, measured E , I , E 

prompt and delayed Y-Y coinc. and n-Y coinc, E , deduced 
decay scheme, E , t, J,n, Ge(Li), BaF ? and plastic detectors. 



I. Introduction 
30 As part of a study of the emission modes of Na, we have been led to a 

29 new investigation of the level structure of Mg. Several bound states of 
on 30 
Mg(E < 3.78 MeV) are populated in the 6 decay of Na through delayed 

29 one-neutron emission. Unbound states of M 9 < E
X

 > 3.78 M e V' a r e involved in 
30 delayed two-neutron emission from Na if this decay is a sequential process. 

29 Consequently, it is important to have a comprehensive description of the Na 
29 beta decay to both bound and unbound states of Hg. Furthermore, knowledge of 

Gamow-Teller (GT) decays with large Q values is in itself of fundamental 
interest, as it provides a measure of the intrinsic strength of this operator 
in nuclei and tests for shell-model calculations very far from stability. In 
sd-shell nuclei, the model space of the valence nucléons is relatively small 
and full-space shell-model calculations are possible. In the case of the 
neutron-rich Na and Hg nuclei, detailed predictions for the GT decay have been 

2 published . 
The decay modes of the heavy Na isotopes were studied extensively by 

3 4 
Detraz et al. and Guillemaud et al. . High-resolution energy spectra of c 27-31 delayed neutrons have been measured by Ziegert et al. for Na. The level 
structure of the neutron-rich magnesium isotopes has been investigated with 

fi 29 
transfer reactions by Fifield et al. . In the case of the level scheme of Mg, 
these authors propose a new interpretation of the experimental data of ref.4 
which involves a level at 54 keV in Mg. A low-energy doublet (3/2 , 1/2 ) is 1 2 7-9 predicted for this nucleus by shell model calculations ' ' which employ an 
empirically renormalized effective Hamiltonian. 

We have undertaken a study at the CERN on-line mass separator ISOLDE of 
29 the neutron and gamma emission modes which follow the beta decay of Na and 

Na. The aim of the study was to obtain a complete description of the 6 



2. 
strength function to be compared to the sd-shell model predictions. In this 

29 paper, we report on the measurements of the Na beta decay by neutron and 
gamma spectroscopy. In particular, we describe the experiments made to 

29 establish the existence of a level at low energy in Mg and to measure its 
lifetime. The upper part of the beta strength function is deduced from the 
energy spectra of delayed neutrons obtained with the time-of-flight technique 
and from n-r coincidence measurements. The data obtained are then compared with 
theoretical predictions. 

II. Experimental Procedure 
29 The Na isotope is produced by bombarding a uranium carbide target with 

a 2MA proton beam of the 600 HeV CERN synchro-cyclotron. The Na atoms are 
ionized by means of a tungsten surface-ionization source. The mass-separated 
ion beam is collected inside a thin cylindrical B detector on the mylar tape of 

29 a transport system. The yield achieved at the ISOLDE facility for Na was = 
2.10 atoms/s/iiA in this experiment. The activity of this short-lived isotope 
[ T,,. = 44.9 + 1.2 ms (Ref.4)) is measured at the collection-point. The 
descendants and contaminants are removed by driving the tape with a constant 
velocity of 30 cm/s. In order to detect low-energy gamma rays, we use an 
intrinsic germanium detector with a beryllium window placed in front of a thin 
(l/10mm) aluminum wall to minimize the gamma absorption. A 33 % Ge(Li) counter 
is placed at 90° with respect to the first one. 

Beta-gamma and gamma-gamma coincidence measurements were made to 
29 elucidate the spectrum of Mg. The lifetime associated with low-energy 

transitions was determined in a separate experiment which employed the delayed 

coincidence technique with two BaF detectors. The fast component (T = 0.6 ns) 
of the light emission from the BaF ? crystal allows for very good timing ' 

even at low energy. A small BaF 2 counter (0=2cm, L= 2mm) optically coupled to a 
56 DUVP photomultiplier tube detects low-energy gamma rays with an energy 



3. 

resolution of 42% aï 60 keV. A large BaF, crystal (0=lOcm, L=14cm) coupled to a 

EMI9821QB photomultiplier tube is used for gamma rays in the 0.1 to 3.5 MeV 

energy range and yields an energy resolution of 11 % at 662 keV and 7 % at 2614 

keV. This measurement requires low-energy threshold (= 10 keV) for the timing 

signals corresponding to the small counter. Triparametric y-Y-t events are 

registered on magnetic tape for subsequent analysis. 

For neutron energy measurements, the thin cylindrical B detector 

surrounding the collection point gives the start of the time of flight. Two 
2 

large area (2880 cm ) plastic scintillators were set up for neutron detection 

at a distance of 100 cm from the collection point. For isochronous flight 

paths, these scintillators are curved and centered at the collection spot. The 

thicknesses of the two neutron counters were different (1.25 and 5 cm) which 

implies a better resolution and a lower efficiency for the thinner one. A 

12 
detailed description of the experimental arrangement is given elsewhere . The 

two neutron counters were operated with a recoil proton detection threshold of 

1.0 MeV. Two germanium counters were used in addition, to perform neutron-gamma 

coincidence measurements. 

III. Experimental Results 

III.a. Gamma-ray spectra 

The low-energy region of the direct gamma spectrum taken with the 

intrinsic germanium counter is presented in Fig.l (inset). We identify a gamma 

ray at 54.6 +_ 0.1 keV issuing from a strongly populated level. The gamma rays 

detected with the Ge(Li) counter in coincidence with the 55 keV line are also 

shown in Fig.l. The coincidence measurements clearly indicate the existence of 

a level at 55 keV fed by several transitions : 1040, 2129, 2560 and 3169 keV. 



4. 
In table 1 we list the energies, relative intensities and assignments of gamma 

29 rays following the beta decay of Na. Experimental branching ratios of the 
levels which give rise to these gamma rays are listed in table 2. 

29 In the gamma spectra we observe in addition to these Mg transitions, 
lines corresponding to the decay of contaminant nuclei Ag and In. These 
atoms {4 , A = 116) are not separated from the singly-charged A=29 beam because 
they have the same energy-to-charge and mass-to-charge ratios. 

The intensities of the B branches are deduced from the imbalances of the 
T-intensities feeding and emitting from the various levels. As we have no 
precise value for the relative intensity o. the 55 keV transition we indicate 
for the total 6 feeding of the ground and 55 keV state, the value given in 
Ref.4 for the unobserved B transitions. 

29 The logft values listed in table 3 for o branches to bound levels in Mg 
are deduced from our results by making use of values given in Ref.4 and 11 for 

29 T,, ?, Q and P . Among the lines attributed to the Na decay are four which 
28 correspond to transitions between levels of Mg (table 4). These allow us to 

determine the intensities of neutron branches to four excited states in the 
residual nucleus 2 8Mg(1.47, 3.86, 4.55 and 4.56 MeV). 

29 III.b. lifetime measurement of the 55 keV level in Mg 
The 2560 keV and 3169 keV gamma rays, which are the main branches to the 

55 keV level, are well separated in energy (Fig.2) so that energy selection can 
be done with the SaF ? detectors. We have analyzed the time spectra 
corresponding to the windows on the full-energy peaks of the 2.56 » 0.055 and 
3.17 * 0.055 MeV cascades. The resulting delayed curve in the first case is 
shown in Fig.3 (curve A). The prompt curve (B) (FWHM=1.4ns) is obtained with 
gates placed on the 1.29 MeV gamma ray( In) and in the 100 keV region of the 
spectrum (inset of Fig.2). The calibration of the time axis has been obtained 



5. 
by registering the prompt curve with different calibrated delays. From a 
least-squares fit on the data we have deduced the value of 409 +_ 0.88 
ps/channel. The analysis has been done on the delayed component of the 
coincidence curves. A weighted least squares fit on the experimental decay 
curve leads to the value of T = 1.84 +_ 0.12 ns, in very good agreement with the 
value deduced from the other weaker cascade (T = 1.79 +_ 0.18 ns). For these 
values, the statistical error is dominant and the time-calibration error can be 
neglected. From these considerations we adopt for the lifetime of the 55 keV 
level the weighted mean value of T = 1.83 + 0.10 ns, the quotted error being 
slightly overestimated. 

III.e. Delayed neutron spectra 
As the low-energy spectrum (E_<2 MeV) of the delayed neutrons has been 

extensively studied by Ziegert et al. , the aim of our measurements with the 
time-of-flight technique was to obtain evidence on possible neutron emission at 
higher energy and also information from n-Y coincidences. The neutron spectrum 
measured with the curved scintillator (thickness : 1.25 cm) is presented in 
Fig.4. In addition to the two peaks (En=l .70 + 0.01 and 2.25 *_ 0.01 MeV), which 
can be related to lines observed at 1.702 and 2.250 MeV in the high resolution 
work , this measurement reveals strong high-energy peaks. This spectrum was 
analyzed by taking into account the energy resolution of the detector and its 
variation over the range of detected events. In this analysis, it was not 
possible to fit the neutron distribution with one or even several line shapes 
in three regions of energy and only limits have been indicated for the emitted 
neutron energies. The relative intensities of the different components are 
reported in table 5 after corrections for efficiency and a detection threshold 
at 1 MeV. The relative efficiency decreases from 9.8 to 8.5 % as the neutron 
energy rises from 1.7 to 6 MeV. 



6. 
The different neutron groups listed in table 5 are assumed to be 

28 transitions to the ground state of Mg unless indications are found in the 
gamma-neutron coincidence measurements for population of the 2 + state in the 
final nucleus. Coincident events have only been observed in the case of the 
neutron group at 2.57 MeV. 

We make use of the various available results in order to establish the 
29 decay scheme to particle-unbound excited states in Hg. The low-energy part of 

the neutron spectrum is taken from Ziegert et al. , while at higher energies 
results are inferred from this experiment. The two measurements can be 
normalized through the intensity of the 1.7 MeV neutron peak, which is recorded 
in both experiments. The e-feeding to the neutron-emitting states is obtained 
by normalizing the total intensity of the neutron lines to the known 
one-neutron emission probability (P, = 21.5 %, Ref.3). 

From the comparison of the neutron spectra normalized to the 1.7 MeV 
peak, it appears that 50.6 % of the neutron emission is observed for E > 1.7 
MeV in the time-of-f1ight experiment, whereas 49.4 % of the emission 
corresponds to neutrons with E « 1.7 MeV, detected with high-resolution 

5 techniques . In the analysis of Ref.5, the five strongest neutron peaks were 
assumed to represent ground-state transitions and all weaker lines were assumed 

28 to correspond to transitions to the first excited state in Mg. With our 
results, this interpretation cannot give an account of the 6.6 % e feeding of 
the 2 state measured in our gamma experiment since only one neutron branch (E 
= 2.57 MeV) has been observed to populate this level in the high-energy neutron 
spectrum. At least one strong peak of the low-energy neutron spectrum should be 
included in the branches populating the 2 + state and we suggest it should be 
the 512 keV neutron peak on the following grounds : 

- the branching ratios to the 0 and 2 states obtained in this way are 
comparable to the experimental values, 
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-the excitation energy of the level emitting the 512 keV neutron (E =5785 
keV) is, in this case, consistent with the value corresponding to the 
emission of 1930 keV neutrons, observed in both experiments (E = 5780 
keV). 

It should be noted that the intensities of the branches to the levels at 3.86, 
4.55 and 4.56 MeV, for which the gamma decay has been measured, are too weak to 
be related to the observed neutron branches and far too weak to appear in the 
neutron-gamma measurements. 

In table 6 we report B branching, log ft and B(GT) values for unbound 
29 29 levels of Mg in the Na decay. At low energies, the values for neutrons are 

taken from Ref.5 and intensities are normalized as described before. The log ft 
and B(GT) calculations have been made using the same values for T. -2> Q and Pfl 

as in the preceeding section. 

IV. Discussion 

IV.a. Shell-Model Predictions 

29 We compare the experimental features of Mg determined in the present 
3 fil and past work with predictions of the "USD" (unified sd) effective 

? 9) Hamiltonian . The USD two-body matrix elements and single-particle energies 
were determined by requiring a least-squares fit between 440 experimental level 
energies of A=18-38 nuclei and the corresponding shell-model eigenvalues 
generated in complete d5/2-sl/2-d3/2 configuration spaces. In this fitting 

-0 3 procedure, the two-body matrix elements were scaled by a factor of A ' . With 
this mass dependence it was possible to obtain eigenvalues from a single 
Hamiltonian formulation that agreed with experiment across the entire A=18-38 
region. 
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Earlier attempts to obtain empirically optimum effective Hamiltonians for 

7 fl sd-shell nuclei ' assumed two-body matrix elements which were constant, 
independent of A. These Hamiltonians could reproduce experimental energies only 
over limited ranges of sd-shell nuclei. The first predictions for the 

29 energy-level structure of Mg were generated from the Preedom-WiIdenthal 
interaction . In the salient feature of predicting a ground-state 3/2 +-l/2 + 

doublet, the Preedom-WiIdenthal results are similar to those obtained with the 
present USD interaction. 

29 29 Wave functions for states of Na and Mg were generated for the present 
study by diagonalizing the USD Hamiltonian in the complete 3d-shell 
configuration space for the appropriate combinations of J and T. For the states 
of l/2 +, 3/2 and 5/2 + in Mg, the diagonalizations were extended in 
excitation energies up to the maximum value allowed by the Q-value for beta 

29 decay from Na. These wave functions and their eigenvalues were then used in 
the calculation of E2, Ml and Gamow-Teller matrix elements. In such 
calculations, the transition operators can be assigned the "free-nucleon" 
coupling constants, taken from the properties of the free neutron and proton, 
or, alternatively, effective coupling constants which compensate for the 
omission of shell-model configurations other than those of the sd-shell and for 
the neglect of mesonic and subnuclear degrees of freedom. 

For E2 matrix elements, it is conventional to assume added charges for 
the neutron and proton in order to generate model magnitudes as large as those 
experimentally observed. In this work the assumed harmonic oscillator radial 
wave functions and added charges of 0.35e for both the neutron and proton, 

q choices consistent with other applications of the USD wave functions. The 
free-nucleon form of the Ml operator in combination with the USD wave functions 



9. 
provides theoretical values of Ml matrix elements which are comparable in 
magnitude to experimental values on average. However, better case-by-case 
agreement between theory and experiment can be obtained with an effective Ml 
operator . Finally, the free-nucleon form of the Gamow-Teller operator in 
combination with the USD wave functions yields theoretical transition strengths 
which are consistently larger than experimental values. An effective GT 
coupling constant equal to 0.76 times the free-nucleon value produces agreement 
between the experimental magnitudes of GT matrix elements observed for typical 
low-Q-value GT beta decays and the USD predictions . 

For the present study we calculate the branching ratios for the 
29 electromagnetic decays of the low-lying levels of Mg by using the theoretical 

decay energies, the E2 operator described above, and the free-nucleon Ml 
operator. For the transition between the states of the 1/2 and 3/2 
ground-stste doublet, we present results obtained with both the free-nucleon 
and the effective Ml operators. Since the effective GT operator differs little 
from a simple quenching of the free-nucleon operator, the predicted 

29 29 Gamow-Teller strengths for the beta decay from Na to Mg a e calculated only 
with the free-nucleon operator. The effective values are then obtained simply 
by scaling the free-nucleon values by (0.76) . 

IV.b. Spin-Parity Assignments and Electromagnetic Decay of Particle-Bound 
Levels. 

The nuclei Mg and Na each have spin-parity values j" = 3/2 for their 
4 29 

ground states . The assumption of an allowed beta decay from Na to the 55 keV 
29 level of Mg thus implies that it has a positive parity and a range of spins 

J = 1/2-5/2. Multipolarities of the gamma radiation de-excitating the 55 keV 
level higher than dipole are excluded by the lifetime determination, thus 
eliminating J = 5/2. As noted above, shell-model calculations as well as simple 
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consideration of single-particle energy orderings suggest that the lowest two 
states in Mg should have j" values of 3/2 and 1/2 . We assume in the 
remaining discussion that the 55 keV level has J" = 1/2 . 

The lifetime we determine for the decay of the 55 keV level yields a 
B(M1) value of 0.11 *_ 0.01 W.u. under the (reasonable) assumption of a pure Ml 
decay, or, equivalently, an Ml matrix element of 0.62 +_ 0.02 n.m. This value is 
quite consistent with the known trends of similar Ml decays. These trends are 
summarized in Fig.5, which shows the excitation energies and B(M1) values 
between 1/2 first excited states and 3/2 ground states for the N=17 systems 
09 31 33 Mg, Si and S, and in table 7, which lists the experimental vaTues of 
these Ml matrix elements and the corresponding shell-model predictions based 
both on the free-nucleon and the effective forms of the Ml operator. 

We see from Table 7 that the observed trend of the matrix element values 
is reproduced with both operators and that the absolute values obtained with 
the effective operator are very close to the measured values for all three 
systems. It might be noted that the simplest characterization of the effective 
Ml operator is that it represents a quenching of the free-nucleon value, just 
as in case of the Gamow-Teller operator. The Ml case is not so simple as the 
Gamow-Teller case, however, as is evident from Table 7. The effective operator 
enhances, rather than quenches, the values of the 1/2 -3/2 transitions. 

29 Our knowledge about the higher-lying particle-bound states in Mg is 
29 

limited to their excitation energies, their population by beta decay from Na 
and the branching ratios of their electromagnetic decay. The level scheme of 

29 
bound levels of Mg established from our measurements is shown in Fig.6 along 
with the corresponding predictions of the USD calculations. Of the ten model 
levels predicted to occur below 4 MeV excitation energy only one, the 7/2 at 29 2106 keV, would not be populated by an allowed beta transition from Na. The 
others all have j" values of l/2 +, 3/2 + or 5/2 +. No additional model levels of 
these three spins are predicted below 4.8 MeV. Our data indicate ten levels in 
the experimental spectrum of ^ttq below 4 MeV excitation energy. 
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The observed and calculated gamma-ray branching ratios for these levels 

are indicated in Fig.6. From a consideration of the energies and the branching 
ratios, along with the measured and calculated beta decay strengths, it seems 
plausible to associate the observed level at 1638 keV with the first 5/2 model 
state predicted to occur at 1542 keV. The gamma decay of both states is 
dominated by the (largely Ml) decay to the lowest 3/2 state. The previously 
unobserved experimental level at 2500 keV, with its 4:6 ratio of decay 
intensity to, respectively, the 3/2 and 1/2 members of the ground state 
doublet, appears to correspond to the second model level with j" = 3/2 which 
occurs at 2106 keV excitation energy and decays with a 3:7 ratio to these same 

29 
two states. We note that a level at 2.48 MeV excitation energy in Mg was 
reported from the study of heavy-ion transfer reaction experiments . 

The experimental level at 2615 keV is strongly fed in beta decay. This 
and its measured 4:96 branching ratio to the 3/2 , 1/2 doublet strongly argue 
for the association of this level with the second model 1/2 state, which 
occurs at 2438 keV excitation energy, has a dominant feeding in beta decay and 
has a predicted 4:96 branching ratio for the gamma decay to the 3/2 , 1/2 
doublet. A doublet of levels, at 3224 and 3227 keV is found next in the 29 experimental spectrum of Mg. The 3224 keV member is characterized by a large 29 matrix element for beta decay from Na, an inhibited gamma decay to the lowest 
3/2 state and a dominant gamma decay to the lowest 5/2 state. These 
properties correspond closely to those of the third model 3/2 state, which 
occurs at 3227 keV in the model spectrum. The experimental level at 3227 keV is 
characterized by a dominant gamma decay to the lowest 3/2 state. On this basis 
and its energy we associate it with the second model 5/2 level, which is found 
at 3039 keV excitation energy. 
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Experimental levels are assigned to excitation energies of 3674 and 3985 

keV on the basis of gamma ray lines of the same energies. These two states 
correspond closely in energy to the third and fourth model 5/2 + states, which 
are predicted to occur at 3532 and 3974 keV excitation energy. However, the 
predicted gamma decays of these model states are not strongly dominated by 
branches to the lowest 3/2 state or, indeed, to any single state. Hence, while 
the two observed states between 3.5 and 4.0 MeV excitation energy are a nice 
match for the model predictions of only two otherwise unaccounted for states in 
this energy range, there are significant discrepancies between the observed and 
predicted decay patterns. 

The final element to consider in the observed level scheme of the bound 
29 states of Mg is the 1095 keV level. There is no logical match for this level 

in the model spectrum of states from the sd-shell configuration space. In 
accord with the analysis of Ref.6 we would assume that this state has negative 
parity and a probable spin of 3/2. This assumption is consistent with our 
experimental results, in which no beta feeding for this state has been found in 

29 the decay of Na, while at the same time it is strongly populated by 
30 one-neutron decay from Na. 

29 IV.c. Particle-Unbound Levels of Mg and the Total Spectrum of Gamow-Teller 
79 

Strength from Na. 
The dominant features of the measured spectrum of delayed-emission 

neutrons are several strong groups corresponding to the de-excitation of 
29 

h igh - l y i ng leve ls of Mg. The Gamow-Teller strength which i s associated wi th 29 the populat ion of these leve ls from Na is a s i g n i f i c a n t f r a c t i o n of the t o t a l 
29 strength of the Na decay. Our experimental resu l t s ind icate that 51 % of the 

e m i t t e d n e u t r o n s have e n e r g i e s h i g h e r t h a n 1.7 MeV. I n s p i t e o f t h e 

d i f f i c u l t i e s i n assigning i n i t i a l and f i n a l leve ls in delayed neutron emission, 
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i t appears c lear tha t the neutron decay i s concentrated i n a l im i t ed number o f 

part ic le-unbound exci ted states in the region of exc i t a t i on energy which 
29 extends up to 9 MeV i n Mg. 

The experimental values of B(GT) extracted from our measurements f o r the 
29 par t ic le-bound states of Mg are l i s t e d i n Table 3, together w i th the 

shell-model pred ic t ions based on the free-nucleon Gamow-Teller operator . The 

experimental values of B(GT) fo r the part ic le-unbound states are l i s t e d in 

Table 6. The composite experimental and shell-model spectra f o r a l l s tates i n 

the exc i t a t i on energy range 0-9.6 MeV are p lo t ted in F ig .7 in both d i f f e r e n t i a l 

( top panels) and in teg ra l (bottom panels) representat ions. The d i f f e r e n t i a l 

p lo ts of B(GT) vs exc i t a t i on energy (s t rength i s summed in 200 keV bins) show 

two dominant peaks in the bound-state reg ion , at 2.5 and 3.3 MeV e x c i t a t i o n 

e n e r g y , i n b o t h t h e e x p e r i m e n t a l and t h e s h e l l - m o d e l p l o t s . I n t h e 

part ic le-unbound (delayed n e u t r o n ) r e g i o n , t h e e x p e r i m e n t a l s p e c t r u m o f 

strength i s character ized by a plateau of strength from 5 to 8 MeV e x c i t a t i o n 

energy fo l lowed by a dominant peak of strength at 8.05 MeV exc i t a t i on energy, 

corresponding to the 4.13 MeV neutron group. The shell-model spectrum shows a 

c l u s t e r o f s t rength around 5 MeV e x c i t a t i o n energy and a dominant peak at about 

7.2 MeV e x c i t a t i o n energy. The in teg ra l p lo ts r e f l e c t these same fea tu res , of 

course, but emphasize the overa l l trends o f strength vs energy. 

The essent ia l d i f f e r e n c e s between t h e measured and t h e p r e d i c t e d 

d i s t r i b u t i o n s o f Gamow-Teller strength are the displacement, r e l a t i v e to 

experiment, of t heo re t i ca l strength in the part ic le-unbound region to lower 

(about 1 MeV) e x c i t a t i o n energies and the overa l l smaller magnitudes of 

observed strength r e l a t i v e to the shell-model p red ic t i ons . The d i f fe rence in 

the overa l l normal izat ion of shell-model vs experimental Gamow-Teller strength 

i s completely consistent w i th ex i s t i ng knowledge about sd-shel l nuclear 

s t ruc ture . The r a t i o of observed Gamow-Teller strength to that predicted from 
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the USD wave functions with the free-nucleon normalization is 0.45 for the 
states in the particle-bound region and 0.5 for the entire 9.6 MeV span of 
measurement and calculation. These quenching factors of experiment relative to 
theory are to be compared with the global average quenching factor for the 
low-lying beta decay in the sd shell of 0.56 . In the context of the 
uncertainties attendant to the present experimental normalization, the present 

quenching factor is consistent with this "standard" value. 
29 It is worth noting that the Gamow-Teller strength from Na which is 

29 located below 9.6 MeV excitation energy in Mg amounts to only about 1/10 of 
the total decay strength from this parent state, hence, the extracted ratio of 
experiment to theory depends sensitively upor the detailed energy distributions 
of this strength. The dislocation in excitation energies of the strength 
concentrations in the 4.0-9.6 MeV region between the model predictions and the 
experimental results should be considered in this light. Such discrepancies 
between experiment and theory are not outside the range of findings for nuclei 
closer to stability and perhaps represent no more than the intrinsic noise of 
the present level of model accuracy. On the other hand, the proximity of the 
presently studied systems to the onset of strong deformations which invert the 
normal ordering of the shell-model orbits, a symptom of which is provided by 
the 1095 keV state, may underly this discrepancy in the distribution of 
Gamow-Teller strength. 

Further detailed study of the structure of neutron-rich nuclei near N=20 
should help clarify these questions. 
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Figure 4 
Figure 5 

Figure 6 

Figure 7 

Figure Captions 
Figure 1 Gamma-ray spectrum in coincidence with the 55 keV transition in 

29 29 
Hg (background has been subtracted). The peaks attributed to Na 

decay are labelled with the corresponding Y-ray energy in keV. 
Descendant and contaminant activities are referred to the parent 
nucleus symbol (see text). The inset shows the low energy part of 
the direct Y-spectrum registered with the intrinsic germanium 
detector. 29 Figure 2 Gamma-ray spectrum following Na e decay and recorded with the 
large BaF- detector in coincidence with tne small BaF ? (lines at 
2.56 and 3.17 MeV which have been used to gate the 55 keV lifetime 
measurement are indicated). In the inset, the low energy part of 
the corresponding spectrum, registered with the small detector, 
is represented. 

29 Figure 3 Delayed coincidences (curve A) taken in the decay of Na with 
two BaF 2 detectors recording the 2.56 -*0.055 MeV cascade. The 
experimental prompt curve (curve B) is fitted by a Gaussian 
function (dashed line) with FWHH = 1.4 ns. 

29 

Neutron t i m e - o f - f 1 i g h t spectrum r e l a t e d to the Na decay 

Systematics of Ml (1/2 -3 /2 ) t r a n s i t i o n s in N=17 isotones 

(A=29 from this work and A=31, 33 from Ref.14). 
Comparison of observed and calculated properties of levels in 
29, Mg. 

29„ B(GT) strength distribution for the beta decay of "Na. In the 
upper two panels experimental and theoretical strength within 
each 200 keV energy bite is summed and these values plotted as 
histograms. In the lower two panels, the integral of the GT 
strengths are plotted. 



19. 
Table Captions 

Table 1 Energies and relative intensities of gamma rays following B decay 
29 29 

of Na attributed to transitions between levels in Mg. The 
relative intensity of the 55 keV gamma ray could not be measu
red with accuracy in our experimental conditions, in which the 
corrections for gamma absorption at low energy are strongly depen
dent on the position of the source on the moving tape. 

29 Table 2 Gamma-ray branching ratios in Mg. 
Table 3 B branching, log ft and B(GT) values observed for bound levels 

29 29 
( Mg) in the Na decay together with predictal B(GT) values. As 
we have no precise value for the relative intensity of the 55 keV 
transition, we indicate for the total 6 feeding of the ground 
and the 55 keV excited state, the value given in Ref.4 for the 
unobserved 6 transitions. 

Table 4 Energies and relative intensities of gamma-rays following B decay 
29 28 

of Na and attributed to transitions between levels in Mg. 
Intensities are normalized to the main gamma line (2560.2 keV) 29 registered in the Na decay. 

Table 5 Energies and relative intensities of neutrons following e decay 
29 29 

of Na and corresponding excitation energies in Mg. 
Table 6 B branching, log ft and B(GT) values for the unbound levels of 

29 Mg inferred from the measured «pectrum of delayed neutron 
29 emission from Mg. For those branches marked with an asterisk, 

a neutron transition to the 2 + state of 2 8Mg is assumed, whereas 
excitation energies are deduced on the assumption of ground state 
population in the final nucleus for other branches (see text). 

Table 7 Measured and calculated values of the Ml matrix element between the 
lowest l/2 + and 3/2 + states in N=17 odd-mass nuclei. 



TABLE 1 

E (keV) I (relative»*) E.-Ef(keV) 

54.6 +0.1 2 115 55 - 0 
1039.9 +_ 0.2 4.6 * 0.3 1095 - 55 
1585.6 +_ 0.2 15.6 +_ 0.9 3224 - 1638 

1638.0 + 0.2 16.3 + 0.9 1638 - 0 
2129.0 + 0.6 3.7 + 0.3 3224 - 1095 

2132.8 +_ 0.8 1.5 +_ 0.2 3227 - 1095 

2445.1 + 1.3 0.4 + 0.1 2500 - 55 
2499.9 +_ 1.3 0.2 +_ 0.1 2500 - 0 
2560.2 + 0.4 100 2615 - 55 
2614.8 +_ 0.5 4.7 + 0.3 2615 - 0 
3169.0 +_ 0.8 10.3 + 0.6 3224 - 55 
3172.6 + 1.0 0.4 +_ 0.1 3227 - 55 
3223.6 +_ 1.0 4.4 +_ 0.4 3224 - 0 
3227.3 + 1.0 6.6 + 0.5 3227 - 0 
3673.9 + 1.5 2.3 + 0.2 3674 - 0 
3985.4 + 1.5 0.8 + 0.1 3985 - 0 



TABLE 2 

E.(keV) Ef(keV) This work 

55 
1095 

1638 

0 
55 

100 
100 

100 

2500 

2615 

3224 

3227 

0 
55 

0 
55 

0 
55 

1095 
1638 

0 
55 

1095 

38 + 6 

62 4. 6 

4.5 + 0.3 

95.5 + 0.3 

13 + 1 

30 + 2 

11 + 1 

46 + 2 

78 + 2 

5 + 1 

17 + 2 

3674 100 

3985 0 100 



TABLE 3 

E x I6(%) log ft B(GT) e x p B(GT>th 

UeV) (free nucléon) 

0 , 0.0115 

S- 24 + 10 5.3 + 0.2 0.031 

55 " 1 0.111 

1095 < 0.2 >7.0 <0.0006 

1638 < 0.4 >6.6 <0.0015 0.003 

2500 0.22 + C.05 6.7 + 0.1 0.0012 0.005 

2615 37.8 + 7.2 4.4 + 0.1 0.245 0.373 

3224 12.3 + 2.4 4.8 +_ 0.1 0.097 0.261 

3227 3.1 +0.6 5.4 + 0.1 0.0245 0.074 

3674 0.8 +0.2 5.9 + 0.1 0.C07 0.035 

3985 0.29 + 0.06 6.2 + 0.1 0.004 0.032 

ï=0.410 0.906 

TABLE 4 

E (keV) I (relative) E.-t.(keV) 
y y 

(%) 
i " f 1 

1474.0 + 0.2 18.4 + 1.0 1474 - 0 

2389.8+0.5 0 .6+0 .1 3863-1474 

3080.9+1.0 0.17+0.05 4555-1474 

3084.8 + 1.0 0.15 + 0.04 4559 - 1474 



En(HeV) 

1.70 + 0.01 
[1.84 - 2.07] 
2.25 + 0.0". 
2.57 + 0.02 
2.76 +_ 0.02 
[2.92 - 3.30) 
3.48 +_ 0.04 
3.77 i 0.04 
4.13 + 0.02 
[4.54 - 5.58] 

TABLE 5 

In(relative) (%) 

100 
31.7 + 5.5 
92.1 + 16.0 
38.8 + 6.7 
39.2 + 6.8 
29.1 *_ 5.0 
23.2 +_ 4.0 
33.9 +_ 5.9 
115.5 l 20 
20.7 + 3.6 

Ex("Mg)(MeV) 

5.54 + 0.03 
[5.69 - 5.92) 
6.11 + 0.03 
7.92 + 0.04 
6.64 + 0.04 
[6.81 - 7.20] 
7.39 + 0.05 
7.69 + 0.05 
8.05 + 0.04 
[8.48 - 9.56] 



TABLE 6 

E n Ey("Mg) I . log f t B(GT) 
M A P 

(keV) (keV) (%) 

110* 5369 0.3 + 0.05 5.9 + 0.02 0.007 

185 3972 1.45 + 0.23 5.5 + 0.1 0.0195 

339 4132 1.27 + 0.2 5.6 + 0.1 0.0155 

376* 5644 0.72 + 0.12 5.4 + 0.1 0.0245 

512* 5785 1.37 + 0.22 5.1 + 0.1 0.049 

808* 6092 0.27 + 0.04 5.7 + 0.1 0.0123 

1050* 6342 0.42 + 0.07 5.5 + 0.1 0.0195 

1103* 6397 0.32 *_ 0.05 5.6 + 0.1 0.0155 

1190* 6487 0.19 + 0.03 5.8 + 0.1 0.010 

1371* 6675 0.22 + 0.04 5.7 + 0.1 0.0123 

1555 5391 0.70 +_ 0.11 5.5 + 0.1 0.0195 

1702 5544 2.63 i 0.42 4.9 + 0.1 0.078 

[1840-2070] [5690-! 5920] 0.84 z 0.17 [5.2-5.4] 0.031 

2250 + 10 6110 + 30 2.42 +_ 0.50 4.8 + 0.1 0.097 

2570 +_ 20* 7920 + 40 1.02 + 0.20 4.6 + 0.1 0.155 

2760 + 20 6640 + 40 0.79 + 0.16 5.1 + 0.1 0.049 

[2920-3300] [6810-7200] 0.76 + 0.15 [4.9-5.1] 0.062 

3480 + 40 7385 + 50 0.61 + 0.12 5.0 ± 0.1 0.062 

3770 + 40 7685 + 50 0.89 + 0.18 4.7 +_ 0.1 0.123 

4130 + 20 8058 + 40 3.04 + 0.61 4 i +0-3 
, - 1 -0.08 0.490 

[4540-5580] [8480-9560] 0.54 + 0.11 [4.2-4.6] 0.245 



TABLE / 

Z V(2J i + l)B(Ml)(nuclear magnetons) 
experiment theory theory 

(free nucléon) (effective) 
12(Mg) 0.62+0.02 0.49 0.58 
14(Si) « 0.59 + 0.06 0.43 0.52 
16(S) 0.333 + 0.004 0.25 0.34 
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