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NUCLEAR EXCITATION OF Al1 Si1 Ca and Co 

PRODUCED BY ~- CAPTURE~ 

L· E. Temple, s. N. Kaplan, R. v. Pyle, and G. F. Valby 

December 1971 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

ABSTRACT 

LBL-24 

/ 

De-excitation gamma rays from residual nuclei following ~ capture 

in natural Al, Si, ca, and Co targets were observed. The results are 

consistent with neutron emission data and previously reported gamma 

transition measurements. The identified gamma transitions account for 

81, 42, 421 and 71% of the nuclear muon captures respectively in Al, Si, 

ca, and Co. Charged-particle emission is observed 14% of the time in 

ea, 10% of the time in Si, and not at all in Al and Co. Levels corres

ponding to an excitation energy of 27 MeV above the ground state in 59co 

and more than 20 HeV above the ground state in the other targets were 

observed. Levels populated in the 40ca(~-,vn)39K reaction correlate 

4o · 39 closely with those observed in the Ca(y,py') K photo-excitation 

reaction. Comparison of the Si target results with the photo-exci,tation 

28 . . 
and electro-excitation reactions on S1 suggest the presence of a 

giant magnetic resonance in muon capture • 

t Paper presented by L. E. Temple at the MUon Physics Conference, 

Fort Collins, Colorado, September 6 - 10, 1971. 
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METHOD 

The pulse output of a 15-cc Ge(Li) detector was put in coincidence 

with one of four time gates, converted to a digital signal,'and stored 

in one of four 4096-channel pulse-height spectra on an M6 Data Disc via 

a buffer in the core of a PDP-5 computer. ·The Ge(Li) prompt pulse was 

delayed with respect to the counter telescope muon-stop trigger to 

allow the accumulation of a "negative-time" spectrum corresponding to 

photons uncorrelated with a stopping muon (Gl). Mu-mesic x rays and 

prompt gamma rays occurring Within a 50-nsec band about a muon stop 

were recorded in a ,second spectrum (G2)./ TWo additional spectra corres

ponding to photons detected in two sequential time intervals following 
I 

a muon stop were taken (G3, G4). The time'relationship of the muon-

stop trigger pulse and the four routing gates with a Ge(Li) signal is 

shown in Fig. lo The Ge(ti) pulses y1, y2, y3, and r 4 are stored 

respectively in the negative-time, prompt-time, short-delay, and long-

delay spectra. Figure 2 shows the first 1600 channels of the data 

accumulated in fours- for the Ca target. The Ca mu-mesic K x-ray series 

is evident in G2. The positron annihilation line at 511 keV; the 

10B(n, a)7Li line at 478 keV; and the peak due to inelastic neutron 

scattering in the Ge(Li) detector, 72Ge(n,n')72Ge1 are samples of back-
• 

ground and are labeled on the Gl spectrum. To varying degrees both the 

x rays and these background line~ occur in G3 and G4. Gamma-ray peaks 

at energies corresponding to nuclear transitions in 39K, 39Ar, and 

38Ar have been identified in G3 and appear less in~ensely in G4. 

Recording of the prompt spectrum for Al, Si, Ca, Fe, Co, Ni, Cu, 

Mo, Ag, Sn, and Pb targets in the same experimental configuration 

under which the nuclear gamma-ray data was taken provided data for an 

absolute detector efficiency determination. Corrections for the muon 

·-

.;-
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stopping distribution, target-detector geometry, and photon attenuation 

in the target were made in the efficiency -calculations. It was assumed 
--;,'I 

that each stopping muon produced a K x ray. 

Ratios of Ka x rays to the sum of all K x rays were determined for 

the Al, Si, Ca, Fe, Co, Ni, cu, and Mo targets. This ratio was assumed 

to be approximately 0.9 for the Ag, Sn, and Pb targets. The full-

energy-peak (FEP) absolute efficiency obtained in this manner covered 

an energy range from 345 to 5960 keV and was close to an exponential up 

to 3950 kev. 

To extend the energy range and determine the response shape in more 

detail, an FEP relative efficiency curve with measurements at 37 ener-

gies from 59 to 4072 keV was made by using IAEA standard sources and 

other radioisotopeso This curve was then scaled to the effective target 

efficiency at the Ka xray for the target; i.e., target geometry and 

muon stopping distribution corrections were not made, and a target 

attenuation correction was then made as a function of energy. A 

relative double-escape-peak (DEP) efficiency curve was scaled to the 

absolute DEP efficiency at the Mo Ka x-ray energy and plotted with th~ 

absolute DEP efficiencies measured with the Ag, Sn, and Pb targets. 

A best fit of the DEP efficiency response for a 15-cc planar detector 

1 as calculated by Euler and Kaplan was made to these points. Self-

attenuation corrections as a function of energy were then made for each 

target. 

Energy calibrations were_ taken frequently durL1g the experiment, 

. 6o 24 16 16 us1.ng· Co and Na sources and the 0 1 rays from the 13 decay of N 

formed in the reaction 16o(n,p)16N on the cyclotron platform. Agree-

ment of energy assigtwents for well-known gamma transitions in our data 

indicate an uncertainty of less than 1 keV over the total energy range, 
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which extended from about 250 to 6500 keV. 

A plot of the experimental sensitivity vs y-ray energy for sharp 

peaks and Doppler-broadened peaks is shown in Fig. 3. Doppler broaden-

ing of a peak occurs when the lifetime T of the level from which the 
m 

transition occurs is short compared with the time required for the 

nucleus to slow down following the recoil from the neutrino or a neu-

trino plus neutron. -12 -13 This time is of the order of 10 to 10 sec. 

Such Doppler-broadened peaks, as previously d.escribed for o, 2 are 

clearly evident in the spectra from both the Ca ana Si tragets. Figure 

4 depicts the broad peaks in the Ca data at 5.28, 5.62, 5.96, and 6.35 

Mev. All of these peaks are identified as transitions in 39K. 

RESULTS 

A nuclear level diagram showing schematically the intensities and 

identifications of observed peaks in the summed G3 and G4 spectra for 

the Al target is shown in Fig. 5· Transitions from levels corresponding 

to residual excitations, as high as 22 MeV above the 27Al ground state, 

are observed in2 5Mg. No transitions implying proton emission were , 

observed. The 26
Mg 18()9-keV transition was quite iutense. Table I 

displays the same information in tabular form as well as entries for 

the number of times a level is populated and the number of times each 

isotope is formed per 100 nuclear captures. Seventy percent of the 

time a muon is captured in 27 Al an .excited state in 26Mg is pt·oduced, 

while excited states in 25Mg and 27Mg are observed 7% and 5% of the 

time respectively. These values constitute lower limits for production 

of these final states. As was shown in Kaplan's talk3 these results 

are in good agreement with the neutron multiplicities determined by 

MacDonald et al. 4 

The level diagram for the Co target is shown in Fig. 6. Here the 
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E = 1322.3 keV transition identified as 58Fe 2133.4-keV 3+ ~ 810.5-keV 
r 

2+ is consistent also with 56Mn 1321 ~ 0. However, the branching to the 

1674.1 level is consistent with the current assignment. Although the 

Nuclear Data Sheets5 show no branch of the 57Fe 1265-keV state to the 

ground state, it is here identified as such,. based on Groshev's6 work • 

·He shows the line twice, once as 1265 ~ 0 and once as 1627 ~366.8. 

The total yield of the 366.8 ~ 14.4 transition is only 0-92:.0.1, whereas· 

the E = 1265 intensity is approximately 11%, indicating that most of 
r 

the observed E = 1265 intensity is not accounted for in this manner. r . 
The Co results are shown in Table II and compared with transition 

intensities measured by Backenstoss7 et al. Yields for the 4550- and 

1674-keV levels in 58Fe are consistent with at most only 0.3 of the 

4.5% yield of the Er = 1674.1 keV gamma being due to the 4550 ~2876 

transition. Agreement between the two experiments is very good with 

the single exception that Backenstoss reports a 1.4% yield to the first 

excited state in 55Fe, which is not seen here. Such a final state 

requires the emission of four neutrons and is at ?.~ excitation energy 

37 MeV above the ground state of 59co. We should have easily observed 

a yield this large. The observed transitions show no proton emission, 

1.7% no-nucleon emission, 46% single-neutron emission, 18% emission of 

two neutrons, 5·4% emission of three neutrons, and account for 71% of 

the muon captures in Co. 

Observed transitions in Ca are shown in Fig. 7• All transitions 

in 39K, except the two highest energy levels, were reported earlier by 

8 Igo-Kemenes et al. There are some differences between the results of 

this experiment and those of Igo-Kemenes et al. for excitations in 39Ar. 

The identifications in this work are made on the basis of the energy 

levels and branching ratios given by Bass and Saleh-Bass~9 The 3935-
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keV level is shown dotted in 39K and E = 3935 keV assignment was taken 
'Y 

as 38Ar, since a 1% population of the 3935-keV level in 39K would imply 

approximately 0.2% yields for transitions with energies of 332 and 1118 

keV respectively, which were not seen. Table III contains the results 

for the Ca target and shows Igo-Kemenes' results fo·r comparison. 

Figure 8 compares the results of three experimental methods for excit

ing levels in 39K. The photo-excitation analog to the muon capture 

reaction 
40

ca(J..L-, vn)39K is 40ca(-y,p-y' )39K. The results of Ullrich 

and Krauth10 are shown for this reaction. Hinds and Middleton
11 

studied the 40ca(t,a)39K reaction and conclude that the 5.28-, 5.62-, 

and 6-35-MeV levels in 39K contain most of the ld
512 

proton hole 

strength. This comparison is made to demonstrate that levels which 

have a shell-model type structure are populated preferentially follow-

ing both muon capture and photo-excitation and to show the strong 

correlation between levels excited in muon capture and photo-excitation. 

The nuclear level diagram for the Si target is shown in Fig. 9· 

There are Some ambiguities in the identification of some of the peaks 

in the spectrum from this target. First, the E = 985.7 keV transition 
'Y 

identified as 28Al 1014.5 ~ 30.62 is consistent with a transition in 

27Mg from the first excited state--984 keV, Jrc =: 3/2+--to the ground 

state. It was assumed (possibly erroneously) that single-proton emis

sion is unlikely, and tne full intensity is ascribed to 28Al. [Ascrib

ing this peak to 28Al is based on the known large transition rate to 

28Al (Refo 12) and the assumed small likelihood of proton emission 

producing 27Mg. Since there is independent evidence for single-proton 

emission from J..l.- capture inCa this assumption may have been unwarran

ted.] Second, the E = 1015.1 keV transition in 28Al is at the same ' 
'Y 

energy as the transition from the second excited state to ground in 

I 
., I 

I 
i 

• 
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27Al. Based on branching of the 
28

Al 1014 level 58% to the 31-keV 

first excited state and 42% to the ground state, the portion of the 

E = 1014 keV intensity assigned to 28Al is 0.8. Third, although the 
"1 

E = 2212 keV peak is consistent with a transition from the third 
"1 

excited 27 Al state to ground, this assignment is at odds with the 

charged-particle spectrum following photo-excitation in 
28

si measured 

by Cannington13 et alo Fourth,- the broad peak at 2175 keV with an 

intensity of 3o2~0o5% has not been assigned. 

Figure 10 shows the two broad peaks at 2175 and 2212 keV in the 

Si target and two nearby sharp peaks for comparisono The peak at 2212 

keV is at the correct energy for a transition in 27Al. This level has 

a width measured to be 15.8+1.1 mev, 14 corresponding to a mean 1ifetiffie 

-14 
of 4.2 x 10 sec and should be Doppler-broadened. The first, second, 

fourth, and fifth states in 27Al are populated following muon capture 

in 28si, and this correlates well with Cannington's results shown in 

Fig. 11. The complete absence of a proton group corresponding to an 

excitation of the third excited state in 27Al is interesting. Perhaps 

the 2212-keV gamma transition is not from 27Al. 

Uberan15 has suggested that there should be a strong Ml excita-

. 28 16 tion to levels 1n Al. Fagg et al. have seen a giant resonance in 

h 180 d 1 · · · 28s · · t t · t e eg e ectron scatter1ng cross sect1on 1n 1 at an exc1 a 10n 

energy of 11.4 MeV (Fig. 12). When the energy level diagram is 

ad.justed for the Coulomb displacement (Fig. 13), the analog state is 

at about 2.2 MeV in 28Al. 

The results for the Si target, with the above two transitions not 

18 included, are shown in Table IV. Pratt's r~sults are shown for compar-

ison. A total of 42% of the muon captures are accounted for by observed 

and identified lines. The two unassigned broad lines near 2.2 MeV 
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contribute another 7.8ajo. An appreciable amount of proton plus neutron 

emission is seen (approximately 9·5 afo). Furthermore, with only the 

present definite assignments, transitions in 28Al account for no-nucleon· 

emission about 4% of the time, whereas other evidence indicates a large 

proportion of no-particle emission. We propose therefore, that either 

or both of the broad 2175 or 2212 keV transitions may be due to 

28 . 
excitations in Al corresponding to an Ml resonance as suggested by 

Uberall. 

ADDENDUM 

Since the conference, Dr. Claude Petitjean has forwarded us the · 

thesis of Jean-Luc Vuilleumier, l7 which reported gammas following muon 
) 

capture in 40ca and also called our attention to recent work on level 
I 

4o schemes and branching ratios for K. Additions or modifications to 

the tabulated data for Ca in Table III made since the conference and 

as a result of this new information are denoted by footnote c. 

- . 
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FIGURE CAPTIONS 

Time relationship of the muon-stop pulse (trigger) and the 

four routing gates. The relative probability as a function 

of time of the observation of a ~--capture 1 ray is indicated 

by the decaying exponential curveo The four possible types of 

detected photons are shown on the bottom trace and described 

in the text. 

First 1600 charineis of data accumulated in a 4-hr run with a 

ca taq~et. 

Detection sensitivity (90% confidence level) vs energy for ca. 

A sensitivity of 0.003, for example, implies that the yield 

of a transition of 0.003 per nuclear muon capture will be seen 

above background with 9(11/o confidence. The reduced sensitiv-

ities for peaks that are Doppler-broadened because of decay 

in flight are due to the greater background areas under the 

broader peaks. The numerical values are based on the plaus-

ib~e, but somewhat arbitrary, assumptions of isotropic 
' 2 
recoils from an 80-MeV neutrino and a 3-MeV neutron. 

Doppl~r-broadened·peaks inCa spectrumo The bars shaw the 

full width at half maximum (FWHM) of the detector response 

for a sharp line. 

'27 Nuclear level diagram for Al target showing population of 

states following ~- capture. 

Nuclear level diagram for 59co target showing population of 

states following ~- capture. 

4o 
Nuclear level diagram for Ca showing population of states 

following ~- capture. 
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Comparison of 40ca(~-,vny)39K reaction with 40ca(y,py')39K 

and 40ca(t,a)39K reactions. Note the high relative yields 

+ corresponding to the 1/2 neutron hole level at 2.53 MeV and 

the three 5/2+ levels near 6 MeV in all three reactions. 

Nuclear level diagram for 28si showing popul~tion of states 

following ~- capture. The cross hatched region corresponds 

to the location of a possible' Ml resonance in 28Al. 

Fig. 10. Doppler-broadened lines in Si spectrum. The bars show the 

FWHM of the detector response for a sharp line. 

Fig. 11. Charged-particle spectrum following photo-excitation in 
28

si 

Fig. 12. 

. 13 
(after Cannington et al. ). The peaks labelled a0 and a

1 

correspond to alpha groups. Those labelled P0, P
1

, P2, P4 

and P
5
_

6 
are proton groups corresponding to the ground state, 

first-, s,econd-, fourth-, and fifth and sixth-excited states 

. 27Al 
~n • Note the absence of a proton group at the arrow· 

which corresponds to the third excited state in 27Al. 

' 28 
18o deg electron scattering by Si. Covers excitation energy 

16 range of 10 to 15 MeV (after Fagg et al. ). 
I 

Fig. 13. Nuclear level diagram adjusted for the Coulomb displacement 

so that 28si and 28Al analog states are approximately aligned 

(after Fagg et a1. 16 ). 
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DOPPLER BROADENED LINES 
10 

• FROM REACTION 4°Ca(J.L-,vn)39K 
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Transitions Following Muon Capture 1n 27AI 
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Nuclear Transitions Following 
Muon Capture in 59co 
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Transitions 
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y 1s/100 Yield (]'max 

J.L- captures (MeV.mb) (arb. units) 
\. 

1.7 2.0"' 29.9 (3/2+),5/2+ 6.35 

0.2 1.0 5.5 (1/2-,3/2-) 5.96 

' 1.3 1.6 19.6 (3/2+),5/2+ 5.62 

0.8 3.8"' 25.2 (3/2+),5/2+ 5.28 

2.0 1.0 4.93 

2.5"' 0.6 5/2.7/2 3.94 

0.3 1.5"' 1.2 3/2+,5/2+ 3.88 

2.9 7"' 0.8 3/2- 3.02 
4.0 1s• 16.5 7/2- 2.82 

7.1 57 51.0 1/2+ 2.53 

------~------~------------------~~~6~5.~6------~ 3/2+ 
) 

XBL 7112-1804 

Fig. 8 
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Table IL Muon capture in 59 co (7 /2- g. s. ). 

= 
Resultant nucleus Excited state keV, Irr Observed y-ray decay modes Transition Transition Population Formation of 

intensities intensitiesa of state isotope 
:\, Backenstoss 

59Fe, 3/2- 289 1/2- Below cutoff 

473 5/2 - 472·7 5/2-.->3/2 - 1.7±0.3 l. 7±0-3 1.9±0.3 1.7±0.3 

58Fe, 0+ 810.5 2+ 811.3 2+ ..... o+ 4o. 5±4. 5 44.0±5.0 30.1±4.6 46.1±5.2 

1674.1 2+ 864.6 2+ ....; 2+ 5·5±0.6 5.1±0.7 8.6±2.1 

1674.2 2+ _, o+ 4 5+0.6 
• -1.2 5·0±3.0 

2133.4 3+ 458.8 3+....; 2+ 1.9±0.2 2.2±0.4 6.5±0.9 

1322.3 3+....; 2+ 4.4±0.5 I 
N 

2876.0 2 2064 2 ....; 2+ o. 5±0.2 0.2+0.5 -.1 
-0.2 I· 

4550 1.;3 3743±7 1,3 ....; 2+ 0•3±0.3 0.7±0.7 

2888±8 1,3 ..... 2+ . 0.3±0.4 

57Fe, 1/2- 14.4 3/2- Below cutoff 18.0±1.4 

136-3 5/2- Below cutoff 8.0±1.5 

366.8 3/2- 352.4 3/2 - ....; 3/2 - 0.9±0.1 1.2±0.3 1.0±0.1 

706.4 5/2- 692.5 5/2-....; 3/2- 3.2±0.4 3.6±0.7 3· 5±0.4 

1190 1190.4 1. 5±0.2 l. 5±0.2 

1265 3/2- 1264.9 11.7±1.3 15·7±2·5 11. 7±1. 3 

1627 1627±5 0.3±0.2 0.3±0.2 

56Fe, 0+ 846.75 2+ 847-3 2+ ·_, o+ 5.4±0.6 7·1±1. 5 4.1±0.7 5.4±0.8 

2085.1 4+ 1237.8 4+ _, 2+ 1.3±0.3 2.0±0.7 1.3±0.3 

E = 71±6 

aRef. 7• 
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Table 111. Huon capture in '40ea. 

Resultant 
nucleus 

Excited state keV, 

1" 

30 

800 

890 
1644 

1959 

,2o47 

2103 

2290 

2419 

2625 

2526 1/2+ 

2817 7/2-

3<l'1 3/2 

38'(~ 7/2 
528o (3/2+)5/2+ 

5620 (3/2+)5/2+ 

596o ( 1/2-' 3/2-) 

6350 (3/2+)5/2+ 

130 

458 

1700 

39Ar, 7/2- 1267 

1516 

2091 

2341 

2357 

2432 

2502 

2631 

3260 

2167·7 

3376.8 

3810.0 

3936.1 

4479·6 

1311 

Observed 1·ray decay -·· Transition 
inteoaitiea 

Below cutoff 

n1.3 

899·5 
161l 

841 
116oc 

2010 

1251 

20'73 
643° 

1620 

522° 

2521·3 
2813.5 

3018.1 

3878.7 

5273±10 
5612±10 

6oo0i10 

6335±10 

2- ...... 3 
3- .... 4" 

0+ ...... 3-

o+--+ 2-

2+ ...... 2- ' 

2- -+ 3-
2- -t 2-

1- ...... 3-
1+ ...... o+ 

2,3 .... 2-
0- ...... 1-

7.4xo.6 

0.3i0.3 

0.8±0.2 

1.1±0.2 

1.1 
d 

o.4xo.2 

o.54xo.06 

o. 5±0.2 

0.22<0.10 

0.2i0.2 

0.29<0.10 

1/2+ .... 3/2+ 7.1±1.8 

7/2--+3/2+ 4,Qi0,5 

3~2- .... 3/2+ 2.9<0·5 
7/~- .... 3/2+ o.3x0.1 

51!80 .... o o.B±o.2 

561<0 .... 0 1. 3<0·2 

596o .... 0 o. 2i0. 1 

6350 .... 0 1. 7i0.2 

Below cutoff 

Not observed 

1572 1+ ...... a+ o.6io.2 

1266.5 

1516.5 

249 

2091° 

2)41 

1095° 

2432 
1166 

984 
541 f 

312" -+7/2- 4.oxo.4 

3/2+ .... 7/2- 0.7<0.2 

3/2+ -+ 3/2" 1o0'7iO,ll 

2091 .... 0 o. 3±0.2 

2)41 .... 0 0.4±0.2 
1/2+-+3/2- o.uo.1 

2~32 .... 0 o. )i0.2 
24$! .. 1267 0.9f 

2502 -+ 1516 O. 5i0,1 

2631 .... 2091 o.4±o.1 

.Not ob.erved 

2166.6 

1211.9 

1642.4 

3938.3 

669·9 

1316 

2+ ...... o+ 
o+ .... 2+ 

3- ...... 2+ 

(2)+ ... o+ 
4" ... 3-

7.1±1.1 

o.4±o.2 

2.0i0.4 

1.0i0.3 
0;6<0.2 

o.4±o.2 

Traneition 
intenaitiee, 
Vuilleumie~ 

o.89io.15 

0.23±0.1 

o.48±o.1 

0.38±0.14 

o.6io.1 

o.1B±o.05 

0.}5±0.12 

0:39±0.1 

5o9i0o 5 

3.2±0. 3 

2.ao.4 

o.B±o.5 

0·9<0.6 

0.7±0.5 

o.B±o.6 

0.28±0.08 

o. 54xo.1 

2.8±0.2 

1.01±0.14 

1.17±0.2 

0·73±0.16 

0.38±0.14 

0.2 

o.85Zo.12 

0.19>0.1 
0.2i0,1 

5.22<0.35 

0.32<0.08 

1. 59<0.14 

1.8 

0.7±0.1 

o. 5±0.1 

Popu1at1ou 
of atate 

5.3±1· 1 

0.3±0.3 

1.oxo.3• 

1.3±0.4 

1.34±0.12 

o.4±o.3 

0.35±0.16 

0.2±0.2 

0.29<0.10 

7.li1.8 

3.8±0.2 

2.9<0.5 

0.3±0.1 

0,8±0.2 

1.3±0.2 

(\•2i0.1 
1. 7±0.2 

o.6i0.2 

1.9<0·9 
2.2i0.2 

O.Oi0.2 

o.4±o.2 

0.1±0.1 

1.2±0.8 

o. 5±0.1 

o.4±o.l 

5.2±1.2 

0.4±0.2 

1.3±0. 5 

1.0i0.3 
0.6±0.2 

0.4±0.2 

Population 

~!i~~:!:ier8 

4.19±0.45 

0.56±0.13 

0.93>0.22 

0.36<0.17 

o.41i0.13 

0.4±0.2 

0.29±0.10 

5.9<0. 5 

3·2±0.3 
2.1±0,4 

o.e.o.5 

0.9<0.6 

0.7±0.5 

o.fuo.6 

o.28io.oe 

o.54i0.1 

0.35±0.33 
1.99±Q.26 

o. 59"0.19 

0.38i0.14 

1. 13±o. 18 

0.19±0,1 

o.2i0.1 

3·3±0.4 

0.32>0.08 

0.89>0.22 

1.8 
o. 7±0,1 

0.5±0,1 

Population 
of state, b 
Iso-Kcmenea 

3.62±1.01 

0.42±0.17 

o.45±0. 15 

6.6±0.4 

3·3±0.3 
1.6<0.3 

0.76±0.2 

0.4±0.2 

o.4±o.2 

o. 5±0.2 

0.9±0.2 

0.99±0.35 

2.64±0.56 

0.69±0.23 

o. 53±0.2 

0.76±0.13 

0.32±0,19 

3.1±0.4 

o.94±o. 16 

1. 52±0. 15 

1.2±0.} 

1.05±0.17 

Ponl8tion of 
isotope 

10.5±1. 5 

0.6±0.2 

6.7±1.3 

8. 5±1.4 

0.4±0.1 

J:. 44.8±3.1 

csee addeadumo 

.. ·dThia ~i5r. ie not clearly ·aeparable from 39Ar 2432 
7'!!' 1267 trandtion1 withE • 1165 keV. Intenaitiea taken to be coneiatent with 39Ar 

24 32 ...... ·a branch. 

0 Population of this etate determined from 4
°K 1644 iXf 30 tuneition in~enoity, 

(j 
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Table IV. 
. . . 288. 

Muon capture 1n 1. 

Resultant nucleus Excited state keV, Irr Observed {-ray decay modes Transition Transition Population of Formation of 
intensities intensities, state isotope 

Pratta 

28Al, 3+ 30.6 2+ Below cutoff 

972 942.3 972 -> 31 2.1±0.3 2.1±0.3 4.2±0.6 

1014.5 (2,3t 1015.1 1015 -> 0 o.8±oo3b 2.1±0.5 

985.7 1015 -> 31 1.2±0.3 

I 
27 Al, 5/2+ 842.9 1/2+ 845.0 1/2+ -> 5/2+ 11.2±1.2 5-0±0.9 13.4±1.2 29.4±2.1 N 

...0 

1013.0 3/2+ 1015.1 3/2+ -> 5/2+ 11.2±1.3b 3-6±0.9 11.5±1-3 

2732 5/2+ 2744±2 5/2+ -> 5/2+ 0.4±0.3 0.8±0.3 

1720 5/2+ -> 3/2+ 0.7±0.2 

298o 3/2+ 2989±1 3/2+ -> 5/2+ r 2.3±1.0 2.3±1.0 

4409 ( 5/2) 4405 (5/2)-> 5/2+ 0.8±0.1 1.4±0.2 

26Mg, 0+ 1808.9 2+ 1808.2 2+ -> 0+. 9-2±1.0 1.0±1.6 9.2±1.0 

2938.0 2+ 1129.0 2+-> 2+ 2.2±0.4 1.8±1.1 2.2±0.4 

3584-7 o+' 1779±1 0+ -> 2+ 6.0±1.2 3.8±1.6 6.0±1.2 

L: = 42±3 

aRef. 18. 

bSee text. 
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United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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