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INTRODUCTION

HE present compilation is a modernized version
of the paper on the same subject! which appeared
in 1954. Tt contains the experimental material published
in the period from December 1, 1953, up to about
February 1, 1957, and together with En 54a provides a
fairly complete bibliography for the years prior to 1957.
In a few cases, reference was made to papers which
appeared after February 1, 1957, either because the
authors had sent preprints, or because the importance
of the paper made it desirable to add a note in the proof.
Presentation of some subjects which were treated in
more detail in En 54a has been shortened. Little atten-
tion is given to cross-section measurements. For neutron
cross sections the reader is referred to the compilation
by Hughes and Harvey.? Many-particle reactions, as
(n,2n) or spallation reactions, are omitted altogether.
Theoretical papers are quoted only briefly, and the
bibliography is certainly incomplete on theoretical
subjects.

The situation regarding nuclear masses has much
improved since the appearance of the 1954 review be-
cause of the accurate mass-spectroscopic measurement
of the S* mass by Quisenberry, Scolman, and Nier,?
and of the recent extension of Q-value chains into the
A> 32 region,* connecting nuclides up to 4=45 to §*
through precision Q-value measurements. In Table LXV
the masses are listed which were used to compute the
Qn values quoted after the heading of each specific
reaction. The procedure followed in arriving at the
values listed, is outlined in the text preceding the table.

Rules adopted for construction of the level diagrams
and the systematics of arrangement of the material in
the text are not significantly different from those in
En 54a.

(a) Levels known with an accuracy of 15 kev or
better, and found preferably from two or more reac-
tions, are marked by heavy lines, doubtful levels by
broken lines. Three-decimal figures are reserved for
levels known with an accuracy of 5 kev or better,

(b) Resonance energies indicated in the level dia-
grams are given in the laboratory system.

1P. M. Endt and J. C. Kluyver, Revs. Modern Phys. 26, 95
( 1954) (quoted as En 54a).
2D. J. Hughes and J. A. Harvey, “Neutron cross sections,”
Brookhaven National Laboratory BNL 325 (1955).
3 Quisenberry, Scolman, and Nier, Phys. Rev. 102, 1071 (1956).
¢ Endt, Buechner, Braams, Paris, and Sperduto, Phys Rev. 106,
764 ( 1957)

(c) Nuclides are presented in order of increasing 4,
and nuclides of the same 4 in order of increasing Z.

(d) Generally each nuclear reaction is treated under
the heading of the firal nucleus, exceptions are reactions
where resonances are observed, which are treated under
the compound nucleus, and the 8 decay of unstable
nuclei, treated under the parent nucleus, and then as the
first reaction. The order of the other reactions is de-
termined by the initial nucleus starting with the
lowest-Z element and within that element with the
lowest-4 isotope.
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Naz2¢
(not illustrated)

L. Na®(BH)Ne? (,,=15.3*

Positron decay proceeds at least partly to states of
Ne® between 6.8 and 10.8 Mev which decay by «
emission. Half-life, 0.25 sec, as measured by o detection
(Al 50a), and 0.234-0.08 sec as measured by 8+ detec-
tion (Sh 51b). Another value, 0.385+0.01 sec, is re-
ported (Aj 52). Energy of o’s is >2 Mev (Al 50a).

Theoretical prediction of Na® spin, De 53a.

Discussion of possibility that positron decay is super-
allowed, Bo 55.

Ne?(p,m)Na?® Q,=—16.1
Threshold 16.9 Mev, Al 50a.

N a21

(Fig. 1)
1. Na*(+)Ne2 (,,=3.52

Half-life, 2342 sec (Cr 40) and 22.84-0.5 sec (Sc 52) ;
also Bo 53. The 8+ end point is 2.504-0.03 Mev deter-
mined with a 180° spectrometer (Sc 52) ; also Bo 53. A y
ray reported (Po 40), but recent work shows no v ray
of E,>0.5 Mev (Sc52). Log fi=3.6, confirming that
spin of Na® is same as that of mirror nucleus Ne?,
namely 3/2+.

* For each reaction the Q value calculated from the masses is
designated Qp,
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II. Ne®(p,y)Na?* Q,=245

Weak resonance at E,=1.165 Mev found in y-ray
yield for protons in 0.5-1.3-Mev region bombarding a
thin isotopic Ne® target, (Br 47). This corresponds to
level in Na® at 3.57 Mev. For protons in 1.35—4.4-
Mev region, resonances for production of annihilation
radiation from Na® decay found at E,=2.15, (3.45),
3.56, and 3.57 Mev (Co 54b, Va 53).

III. Ne®(p,p)Ne®  Eyp=2.45
Ne*(p,p'y)Ne? E,=245 E,=1.63

Yield of elastically scattered protons measured at six
angles from 90° to 167.5°. Energies, widths, spins, and
parities as determined by phase-shift analysis in Table
I (Ha 53, Ha 55a).

Resonances for inelastic proton scattering leading to
1.63 Mev level of Ne® generally correspond to those for
elastic scattering ; resonances at E,=2.09 and 4.00 Mev,
found from inelastic scattering only. Cross sections and
angular distributions of inelastically scattered protons
and 1.63-Mev « radiation (Ga 53, Co 54b).

IV. Ne®(d,n)Na?* (Q,,=0.23

Slow-neutron thresholds indicate Q values of —1.24
#+0.02 and —2.20140.007 Mev, corresponding to levels
at 1.47 and 2.43 Mev (Ma 56b). At E;=1.0 Mev, recoil
protons in nuclear emulsions indicate Q= —0.1740.05
Mev (Sw 52), corresponding to-a level at 0.40 Mev.

P. M. ENDT AND C. M.

BRAAMS

TaBLE I. Resonances in NeX*+.p

Ep (Lab) E, T
(Mev) (Mev) decay (kev) J, r
1.165* 3.57 ¥
[ 1814 4.18 pod 1804 3/2d
k:1.9534 4.31 pod piP 64 5/2+d
b 2.09» 4.45 piP
I 21354 4.49 7 pod piP 174 3/2+
" 2.73» 5.05 pod piP doubled
{31764 5.48 ot p1P 1104 1/2*+
E 3.424 5.71 pod piP ~20d
3.5524 5.83 ¥ pod piP ~2d
I 3.5664 5.85 7 pod paP 25d 3/2-d
¥ 3.8284 6.10 pod piP 6d (5/2,7/2)—d
| 4.00° 6.29 piP
T 4.284 6.53 pod piP 1504 (3/2,5/2)+d

a Br 47, b Co 54b, ¢ Va 53, d Ha 55a. © Resonances in yield of capture v
rays or in yield of Na2 activity indicated by v, resonances for elastic
scattering, by po, and resonances in yield of 1.63 Mev vy ray from first
excited state of Ne2, by p1.

V. Ne?(p,n)Na? Q,,=—4.30
Observed, En 54a.

VL. Mg®#(p,@)Na®* Q,=—06.85
Observed, En 54a.
‘Na2
(Fig. 2)
I. Na2(*)Ne? (Q,,=2.840

Most accurate measurement of half-life yields 2.58
+0.03 yr (Me 57). Also En 54a.

Decay proceeds predominantly by g emission fol-
lowed by a v ray. Best magnetic spectrometer determi-
nations of the 8+ end point are 54245 kev (Ma 50a)
and 54045 kev (Wr 53), and of y-ray energy, 1.277
+0.004 Mev (Al 49). Also En 54a.

Ground-state B+ transition very weak. End point of
this high-energy B+ spectrum is 1.83-£0.06 Mev and
intensity is (0.06240.015) percent (Wr 53). Log ft
=13.1. Also Mo 49.

Electron capture also occurs. Most accurate meas-
urements yield: EC/f+=(11.0+0.6)X10~* (Sh 54b),
(12.32:1.0) X102 (Kr 54) and (12.24-1.0) X102 (Al 55).
Also Ho 53b, Ma 54c, Se 54, Ch 55, Di55. Theory,
with screening taking into account, yields 11.1X1072
(Zw 54).

Internal conversion coefficient of 1.28-Mev vy ray
measured as (6.74£0.7)X10%, compares with theo-
retical value for an E2 transition of 6.59X10~¢ (Le 54).
Spin of 1.28-Mev level in Ne? is then 2. Spin of Na”
being J=3 (Ma 50), with almost certainly even parity,
predominant B+ branch is allowed in agreement with
spectrum shape (Ma 50a, Al 50b, Wo 54). Log ft=7.6.
Allowed character confirmed by absence of 8-y angular
correlation (St 51a).

Theoretical discussion of Na? ground-state spin,
De 53a.
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II. F9(a,n)Na2 Q,=—1.928

With a particles from an electrostatic generator,
thresholds in neutron production observed at E,=2.33
and 3.04 Mev. At E,>3.04 Mev a v ray observed of
E,=592+3 kev, measured with a scintillation spec-
trometer. Half-life of corresponding Na? level is <0.01
sec (He 54b).

Threshold, E,=2.486 Mev (Bu 56c) but correspond-
ing Q (—2.061 Mev) would be in definite disagreement
with Q from masses.

From threshold measurements and from neutron
energy measurements with a proton recoil proportional
counter, ground-state Q=—2.040.2 Mev and Na?
levels found at 0.45, 1.15, (1.8), 2.25, and 3.0 Mev, all
+0.2 Mev (Qu 56).

Resonances, see Na%,

III. Ne?®(d,p)Ne? Eu=11.274 (Q,,=4.532

Resonances observed corresponding to Na? levels at
12.07 and 12.13 Mev (Go 55).

IV. Ne*(p,y)Na2 (,=6.742

One resonance in y-ray yield from a thin enriched
Ne* target bombarded with 0.6-1.3-Mev protons ob-
served at E,=765 kev (Br 47) corresponding to a Na?
level at 7.472 Mev.

V. Ne?(d,n)Na®? (Q,=4.517
Observed, En 54a. '

VI. Ne*(p,n)Na? Q,=—3.623
Not observed.

VII. Mg®(8+)Na2, See Mg

VIIL Na®(y,n)Na2 Q,=—12.416

Threshold measurements and yield curves, En 54a.
Search for isomeric states in Na® with half-lives in
107® sec-10! sec region unsuccessful (Ve 56).

IX. Mg*(d,a)Na2 (Q,=1.967

Thin natural magnesium targets bombarded with 5-,
6-, and 7-Mev deuterons. From magnetic analysis
(6=90°), the ground-state 0=1.9534-0.012 Mev. Ex-
cited states at 0.585, 0.893, 1.535, 1.944, 1.990, 2.222,
2.579, 2.977, 3.067, and (3.525) Mev, all 4-0.006 Mev.
Upper limit of 39, of ground-state group given for
intensity of any group which was not observed at
E;=T7 Mev. Observed states should have 7=0 from
isobaric spin selection arguments (Br 55, Br 55a).

Also En 54a.

X. Mg®(p,0)NaZ Q,,=—3.140

Enriched magnesium targets bombarded with protons
from a 8-Mev electrostatic generator. From magnetic

TO 20 085
7
Ep
747 ———{o765(p.y)
6.742
Nez‘\» P
6
4.517
Né+d-n ] 7
1353 _ _ _ _ ] //
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298 258 I/Il
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Ne 25
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%3 22
Na +y-n Ne +p-n

FiG. 2,

analysis ground-state Q=—3.15 Mev. Transitions ob-
served to 0.59- and 0.89-Mev levels and some evidence
for a level between those two (Br 55a).

Also Ba 54, Co 54a.

GENERAL REMARKS

The 0.59-Mev level probably not the J=0+ T=1
level, expected at about 0.6 Mev (St53b, St 53a,
Mo 54, He 54b, Ta 54, Wi 56a), since this level is found
from the Mg*(d,a)Na® reaction. The T'=1 level may
have been observed from the Mg?(p,a) Na? reaction.

Theoretical discussion of Na”® ground-state spin,

Hi 54.
Mg?

(not illustrated)

A 0.13-sec half-life observed from bombardment of
natural magnesium with 23-Mev protons. This might
be assigned either to Mg? or to Al® (Ty 54).

Na2
(Fig. 3)
L (a) F¥(a,)Na? E,=10.488 Q,=—1.928

(b) F¥(a,ny)Na2 E;=10.448 E,=0.592

(©) F9(a,p)Ne?  E,=10.448 0, =1.695

(d) F¥(a,py)Ne2 E,=10.448 E,=1277

(e) F(a,0)F  E,=10.448

(f) F(a,ay)F®  E,=10.448 E,=0.110and 0.197
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Yield of 592-kev radiation from reaction (b), of
1.28-Mev radiation from reaction (d), and of 110- and
197-kev radiation from reaction (f) measured in
E,=1.0-3.5-Mev region. Relative yields are given at
18 resonances, all above 1.4 Mev (He 54b). Reactions
(d) and (f) explored with better resolution in the
E,=0.6-2.8-Mev region, yielding 26 resonances, all
above 1.3 Mev (Sh 54e). Yield of reaction (f) at low
E, in agreement with Coulomb excitation theory for
E2 excitation (He 54b, Sh 54c, Jo 54). Also, En 54a.

II. Ne*(a,p)Na® Q,,=—2.380
En 54a. Resonances, Mg*.

II1. (a) Ne®2(p,y)Na®  E;=8.793
(b) Ne®(p,p)Ne?  E,=8.793
(c) Ne2(p,p'y)Ne? E,=8.793

Resonances, En 54a.

IV. Ne?2(d,n)Na® (Q,,=6.568

Two slow-neutron thresholds observed from deuteron
bombardment of natural neon with Q=—1.866+0.010
and —2.443+0.015 Mev, corresponding to Na?® levels
at E,=8.4344+0.021 and 9.01240.024 Mev (Ma 56b).
Assignment based on observed intensities.

Also Fr 55.

P. M. ENDT AND C. M. BRAAMS

V. Ne®(8)Na® (,,=4.385

Half-life, 40.240.4 sec (Br 50) and 37.640.1 sec
(Pe 57). Also En 54a, Ha 5la. Decay is complex. End
point of ground-state transition (67439, intensity)
measured by scintillation spectrometer as 4.39+0.05
Mev (Pe 57), in much better agreement with Q,, than
a former magnetic spectrometer measurement (En 54a).
A 32439, branch with an end point of 3.954-0.05 Mev
is in coincidence with 436-t4-kev v rays, and a 1.00
+0.15%, branch with 2.44-0.1-Mev end point is in
coincidence with 1.64740.016-Mev v rays. The two
v rays are also coincident, and have intensities of
100: (3.024-0.3). Higher energy v rays present but have
at most an intensity of 0.29, per disintegration. Beta
transitions to three lowest Na® states are evidently
allowed with log ft=5.25, 5.38, and 5.88 (Pe 57). No
superallowed branch occurs in Ne® decay as formerly
believed (Ki 55, Fe 55).

Results mentioned in the foregoing confirmed in
Ge 55, Ge 56. End point of ground-state beta transition,
3.940.3 Mev, lowest-energy v ray, 44045 kev. A 3.0-
Mev v ray may be present but intensity relative to 440-
kev v ray is <19,. Also Go 56.

Allowed character of beta transitions to 3/2* Na®
ground state and 5/2F first excited state limit Ne*
spin to 3/2F or 5/2*. Same possibilities follow from
a Ne?(d,p)Ne® angular distribution measurement
(Bu 56d).

VI. Na%*(n,n'y)Na®

In E,=440-800-kev region, cross section for produc-
tion of 0.44-Mev v ray shows resonances at 542, 602,
633, 710, and 780 kev. The y-ray angular distribution
isotropic at 602- and 710-kev resonances, but anisotropic
at 633 and 780 kev (Ha 56). At E,=2.5 Mev, v rays
observed of 0.4540.01, 1.694-0.03, and 2.24-0.1 Mev
(Wo 56). At E,=5.1 Mev, v rays reported of 0.439,
0.650, 1.63, 2.07, and 3.01 Mev (Mo 56c). The 0.650-
Mev v ray cannot easily be fitted into the' Na® level
scheme. Also Cr 56a.

VIIL. (a) Na®(p,p')Na®
(b) Na®(p,p"y)Na®

From magnetic analysis at several proton energies
in the 7.0-7.5-Mev region and at several different
angles, levels in Na® observed at 0.4404-0.003, 2.078
+0.004, 2.3932-0.007, 2.641-£0.007, 2.705=-0.007,
2.9834-0.007, 3.678+0.007, 3.850=4-0.008, 3.915+4-0.010,
4.4314-0.010, and 4.77840.010 Mev (Bu 57). Another
value for first level, by magnetic analysis, is 43745 kev
(Sc 56c). Most accurate determination of this level,
from electrostatic analysis, is 43941 kev (Do 53). Also
En 54a.

The 0.44-Mev vy-ray transition investigated exten-
sively at E,=1.29-Mev resonance. Internal conversion
coefficient measured as (4.940.6)X 1075 in agreement
with theory for M1 or El1 (Be56a). Using both
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Na2(p,p'y) and Na®(a,a’y) reactions, half-life of 0.44-
Mev level determined with recoil techniques as between
108 and 10722 sec (Kr 56). Also Sw 56. Gamma-ray
angular distribution measurements at 1.29- and 1.46-
Mev resonances limit spin of 0.44-Mev level to 5/2% or
3/2* (Re 56b, Be 56a).

Even parity of this level follows also from measure-
ment of ratio of y-ray yield from Na®(p,p’y) and
Na?(a,0y) reactions which is explained by E2 Coulomb
excitation. From yield, partial half-life for E2 decay is
computed as 3.0X1071 sec (Te 56).

Second level in Na® is fed at the E,=2.89-Mev reso-
nance. This level de-excites both to level (1) and to
ground state, branching ratio of about 20. Ground-state
transition is anisotropic, excluding J=1/2 for level (2)
(Go 57Db).
~ Other Na®+p resonances under Mg*.

VIII. Na*(d,d")Na?®

At E;=14 Mev, levels in Na® found at 1.9, 2.6, 3.75,
445, 5.5, 6.3, and 7.2 Mev (Bo 50). Also Ha 54b,
El 56a. At E;=8 Mev, groups proceeding to levels at
2.08, 2.71, and 3.85 Mev all show angular distributions
compatible with /;=2; which would determine parity
of these levels as even (El 56a).

IX. Na®(a,e’y)Na®

A 0.44-Mev v ray observed (Te 54, Te 56, Kr 56).
Half-life, quoted under reaction VII, Kr 56. The y-ray
angular distribution measured at E,=2.5 Mev is only
compatible with J=5/27 for level (1) (Te 56).

X. Na® (N N¥y)Na®

A 435-kev v ray observed resulting from Coulomb
excitation by 15.6-Mev triply charged N* ions (Al 56).
XI. Mg®(8t)Na® See Mg

XII. Mg*(v,p)Na® Q,=—11.687
Cross section, Jo 55, Mo 55.

XTII. Mg®(d,e)Na® (Qn="7.051

Ground-state Q value, measured by magnetic analysis
as 7.01940.013 Mev, differs from value computed
from other links between Na® and Mg?5, The Na2 levels
at 0.44 and 2.08 Mev observed from this reaction
(En 52).

XIV. Mg?»(p,e)Na® Q,,=—1.842
Not observed.
Mg?
(not illustrated)
I. Mg®(8*)Na®? (Q,,=4.059

Half-life, averaged from older determinations (En 54a)
and from a more recent one (10.720.7 sec; Hu 54),
11.9+40.2 sec.

Z=11 TO 20 687

The 8+ end point=2.82 Mev with a cloud chamber
(Wh 39), 2.9940.09 Mev (Bo 51), and 2.954-0.07 Mev
(Hu 54) with a scintillation spectrometer. No v rays
observed. Decay is superallowed (logfi=3.7), deter-
mining Mg® spin and parity as 3/2+.

II. Ne®(a,n)Mg®
Not observed.

Om=—17.222

III. Na®(p,n)Mg® (Qn=—4.841

Revision of generator calibration changed old value
for threshold (E,=5.09140.010 Mev; Wi 52) to 5.053
+0.010 Mev (Ki 55a).

Resonances under Mg,

IV. Mg®#(y,m)Mg® Qn=—16.529

Threshold and yield, En 54a, Ka 54, Na 55, Mo 55,
Ye 56.

Al
(not illustrated)

Half-life of 0.13 sec observed from bombardment of
natural magnesium with 23-Mev protons. This might
be assigned to either Al® or Mg2 (Ty 54).

N'a24
(Fig. 4)

I (a) Na%(8)Mg* (Qn=5.514

Half-life, averaged from six older determinations
(En 54a) and from a more recent measurement (14.90
=#0.05 hr; To 55c), 15.00+0.02 hr.

Decay scheme of Na* investigated very thoroughly.
The 8~ decay goes predominantly to 4.12-Mev level of
Mg* followed by two v rays in cascade through 1.37-
Mev level. Accurate measurement of the 8~ end point:
1.390=40.005 Mev (Si 46). Best magnetic spectrometer
determination of y-ray energies is 2.75354-0.0010 and
1.2680-£0.0010 Mev (He 52). Also En 54a. Log f¢ (for
main 8~ transition) 6.1.

Experimental material leading to an assignment of
spins 0F, 2+, and 4% to Mg ground state and levels at
1.37 and 4.12 Mev, respectively, and of spin 4+ to Na
ground state, En 54a.

Ultra-fast delayed 8-y coincidence measurement of
half-life of 1.37-Mev level, yielding (2.5+£1.7)X 101
sec, confirmed E2 character of 1.37-Mev transition
(Co 55¢).

A weak high-energy 8~ component, proceeding to
1.37-Mev level, also found, with end point of 4.17 Mev
and intensity of 0.003%, (logft=12.7) (Tu 51). Also
Gr 50a.

A 4.12-Mev crossover y ray not definitely established
(En 54a).

From Na®(p,y)Mg* measurements, a J=3 level at
5.23+0.04 Mev found in Mg¥, de-exciting to 1.37 Mev
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level with a 3.86220.04 Mev v ray (Ne 54a). This level
is probably also fed in Na*(8-)Mg* decay. A vy ray of
3.6240.05 Mev and intensity 0.049%, has been reported
(Be 51), while others report v rays of 3.9 and 5.3 Mev
(To 55b). Existence of the latter v seems doubtful as
its octupole character would exclude competition with
3.9-Mev dipole transition.

Log ft=1.1 of B~ decay to 5.23-Mev level points to
a once-forbidden transition, yielding odd parity for
5.23-Mev level.

Theoretical discussion of Na? spin, De 53a, Hi 54,
Sc 54c.

(b) Na*~(8-)Mg* See Ne®(8-)Na2 (reaction VII).

I1. Ne?(a,p)Na? Q,=—2.181
Not observed.

III. Ne?(dy)Na Q,=13.424
Not observed (Al 55b).

IV. Na®(n,y)Na* (Q,=6.956

Cross-section measurements, Hu 55¢, La 57.

Energies and intensities of thermal neutron capture
~ rays determined by magnetic Compton spectrometer
(Gr 55a), by magnetic pair spectrometer (Ki 51), with
a two-crystal scintillation spectrometer (Br 56¢) and
with a magnetic lens spectrometer (Mo 56a) in Table
1. Also Mi 50a. The 6.96-Mev ground-state transition

AND C. M. BRAAMS

not observed; its intensity is smaller than 0.1 per 100
captures (Gr 55a).

The intense v ray A feeds the 0.56-Mev level, de-
excited through the 0.472-Mev level by cascade Z—7.
Notable is absence of a 0.56-Mev v ray. Upper limit for
intensity is 3 per 100 captures (Gr 55a).

Few of the v rays in Table II can be fitted in Na*
level scheme with certainty. For y rays 4, ¥, and Z see
above. Gamma-ray B feeds the 1.34-Mev level, which
is de-excited by V to 0.47-Mev level, and probably by
W to 0.56-Mev level. The 1.34-Mev level is not de-
excited by U to Na* ground state as this would conflict
with the spin assignments found from the Ne*(8-)Na
decay (reaction VII). The v rays N and P might feed
the 1.34-Mev level from 3.85- and 3.58-Mev levels, re-
spectively (Mo 56a).

IV. Na%®(n,n)Na® E,=6.956

Cross sections and resonances, Hu 55c. Sharp re-
solved resonances at E,=2.9 kev (J=2%), 55 kev (3~
or 2-; B1 56, Cr 57), 204 kev (17), 217 kev (07), 243
kev (1~ or 27), 297 kev (1%), 396 kev (0~ or 17), 451 kev
(1+ or 17), 542 kev (1), 602 kev (>1), 710 kev (=5),
784 kev (>2), 914 kev (>3), and 988 kev (>1). Also
Po 54, Pa 55, Jo 55a, To 55a, La 56.

~ rays from inelastic scattering under Na®.

Tasre II. Thermal neutron capture v rays from sodium
(intensities in photons per 100 captures).

(1.950.03) 4

(1.870.03) 5.5 1.900£0.020 ~3

Gr 55a Ki 51 Mo 56a
Energy Energy Energy
v ray (Mev) Intensity (Mev) Intensity (Mev) Intensity
A 6.40+0.03 22 6.414+0.03 20
B 5.61+0.03 6 5.610.03 7.5
B’ (5.300.05) 0.3
C  (5.12£0.05) 0.8 5.13+0.03 1.8
C'  (4.9030.05) 1.2
C"  (4.7020.05) 0.9
D 4.50-0.04 2.1
D’ (4.30=:0.05) 0.5
E 4.18+0.04 2.1
F 3.98+0.04 17.2  3.96+0.03 20
G 3.86+:0.04 59 3.85+003 11
G’ (3.68+0.05) 1.3
H 3.600.03 }18 3.60+0.03 10 3.59040.025 18
I 3.564+0.03 3.56+0.03 20
J 3.300.02 5
K 3.08-:0.02 9.5 Br 56e 3.0700.020 7
L 2.84+0.02 7 Energy Intensity
M 2.68:0.02 85 (Mev)
N 2.52-+0.02 21 2.53+0.03 19 2.510+0.020 ~15
o 2.4140.03 10.5
P 2.2140.03 7.5 2.210-£0.015 8
Q 2.0240.015 11.5 2.02+0.03 12 2.030+0.010 13
R
S
T 1.66 £-0.01 7.5 1.66+0.05 5 1.6304-0.008 10
U 1.35-:0.01 6.5 1.35:0.03 6
14 0.86=:0.01 44 0.86+0.02 34 0.877 4+0.005 3010
W 0.79+0.015 4.3
X (0.710.015) 5
Y 0.4740.015 74 0.48::0.02 60 0.473+:0.004 5010
¥/ 0.090 »

a Observed with a scintillation spectrometer (Mo 56a).



NUCLEAR ENERGY LEVELS, Z=11 TO 20

V. Na®(n,p)Ne?® E,=6.956 Q,=—3.603

Cross section from threshold to E,=6.0 Mev; reso-
nances observed corresponding to Na? levels at
E,=11.93 and 12.33 Mev (Bo 57a).

VI. Na®(d,p)Na* Q,,=4.731

Ground-state Q measured by magnetic analysis
=4.7314+0.007 Mev (Sp52) and 4.7234-0.008 Mev
(Mi 52). Eighteen levels in Na* found by high-resolu-
tion magnetic analysis at 6=90° and at deuteron
energies between 1.5 and 2.2 Mev (Sp 52) in Table III.
Also En 54a, El 56a.

The I, values found by comparison with stripping
theory in Table III. Brackets indicate unresolved
groups.

VII. Ne*(8-)Na* Qn=2.45

New radioactive nuclide Ne* recently produced
(Dr 56) from Ne(#,p)Ne* reaction. Half-life, 3.38
+0.02 min.

Two (noncoincident) v rays observed with a scintil-
lation spectrometer with following energies and relative
intensities: v1, 47245 kev (100) ; vz, 8789 kev (84-2).
Upper limit of 0.59%, given for potential 92- and 564-kev
v rays, and of 19, for a 785-kev v ray. Two f~ ray
branches found with a plastic scintillator with following
end points and relative intensities: 8~ 1.98+0.05 Mev
(9242), By~ 1.104-0.05 Mev (8+2). The By~ branch
not in coincidence with v rays, the 8;~ branch coinci-
dent with v,. Both B~ transitions are allowed (log f¢
=44 for both) and have linear Fermi plots. A weak 8~
branch with ~6-Mev end point also may be present.

The 472-kev level in Na* is isomeric. From decay of

v1, half-life estimated as 20+ msec. This ekplains

—15
absence of coincidences of y; with v, or with 8~ par-
ticles. The weak high-energy B~ branch may be ex-
plained as a transition from isomeric state to Mg*
ground state.

Observed half-life of 472-kev transition uniquely
establishes it as octupole. Spin of 472-kev level must
then be J=1%, because of allowed character of 8~
transition to this level. Also 1.34-Mev level has J=17;
from allowed character of corresponding §~ transition
follows J=0% or 1%, while Na%(d,p)Na* angular distri-
bution measurements (see Reaction VI) lead to
J=1%or 2*.

That the 0.56-Mev level is not fed in the Ne* 8~ decay
may be explained by spin assignments of J=0%t or
J>2. A 0*—0% B~ transition would be forbidden by
isobaric spin selection rule. Spin 1+ or 2+ follows from
Na®(d,p)Na* angular distribution measurements (see
Reaction VI). The 0.56-Mev level then has most likely
J=2%, in agreement with fact that no 0.56-Mev v ray
is observed (also Reaction III).
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TaBLE III. Levels in Na* from Na2(d,p)Na? and
corresponding neutron orbital momenta 1,.

Reference: Sp 52 Sp 52 Ta532ShS54b BrS54ce EI564d
Group Q value Na2 level
(Mev) (Mev) In
(‘1)) i’ggé :tg.gg; 047220008 \ 2 2 5
1250 0, 472 :0.008 2
(2) 416730007 0.564+0.008 jo+2 }°+2 0
(3) 3.390:0.006 1.3410.008 0 0 )
(4) 288710006 1.844-0.008 042
(5) 2.8472:0.006 1.884 0,008
(6) 2.267-£0.006 2.464--0.008 142
(7)  2.170%0.006 2.561+0.008 +
(8) 1.322-£0.005 3.409 +0.008 1
(9) 1.1490.006 3.582+0.009
(10)  1.108-£0,006  3.623 -£0.009
(11)  1.083-:0.006  3.648 +-0.009
(12)  0.9932:0.005 3.7382-0.008
(13)  0.881-£0.005 3.850-0.008
(14)  0.8322-0.005  3.899 +0.008
(15)  0.8022£0.005  3.929 +0.008 1
(16)  0.547£0.005 4.1840.008
(17)  0.529=:0.005 4.202 0,008 1
(18)  0.512:0.005 4.219+-0.008
(19)  0.17340.005 4.558 0,009 1
(20) 4.74:£0.07 1

a Eg=1.15 Mev; nuclear emulsions.

b Eq =3 Mev; Al absorption.

°cEq=10 Mev. nuclear emulsions.

4 Eq4=8 Mev; magnetic analysis. Groups (1) and (2) were only partly
reso&e&m this mvestlgatlon

e .

VIII. Mg*(n,p)Na* Q,,=—4.731
Cross-section data, En 54a, Co 56, Ve 57.

IX. Mg®(v,p)Na® Q,,=—12.063

Threshold and cross-section data, En 54a, Ka 54,
Mo 55.

X. Mg*(d,0)Na* (Q,,=2.889
Cross section, En 54a.

XI. AP (n,a)Na?* Q,,=—3.136
Cross section, En 54a.

Mg?
(Fig. 5)

I Ne®(a,p)Na® E,=9.307 Qn=—2.380

Observed at E,=3.923-Mev resonance (Table IV)
(Go 54¢).

II. Ne®(a,0)Ne? Ey=9.307

Thirteen sharp resonances observed in neon elastic
cross section at four different scattering angles for
E,=2-4 Mev. Eleven assigned to Ne* (Table IV) and
two to Ne®. Spins and parities from partial wave
analysis (Go 54c). Reaction IV gives comparison with
Na%®4-p resonances.

TII. Ne*(a,m)Mg?*  Q,=2.550

Not observed. Reaction chain NeX(p,y)Na2(8+)
Ne? (a,n) Mg believed to be a source of neutrons in a
certain stage of stellar development (Ho 56).
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16.529
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See Tables IV, ¥
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24 5514
1] ] Na
= = [ ~ 6 (Weak)

. 4 . 33 4170003%)

83) P / 3 1390(9996 %)

2550 17 /_ P4 (@20X004%)
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Ne+x=n l / 1595
1368 2'¥// 27
/ Al *p,Le(
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Thresh.

24 24 24 '_ ] 24
Mg sp-p Mg+n-d | 725 M Mg +d-d  Mgro-ol

~7.332
Mgzix-n
Fia. 5.
IV. (a) Na®(p,y)Mg* E»=11.687

(b) Na®(pm)Mg®  Ey=11.687 Qun=—4842
(c) Na®(p,p)Na®  Ep=11.687
(d) Na®(p,p')Na® E,=11.687 E.=0.439
() Na®(pa)Ne?  Ey=11.687 Qn=2.380
(f) Na®(p,ay)Ne® Ep=11.687 E,=1.630

Large amount of information has become available
in recent years on Na®+-p resonance reactions (Table
V, also En 54a). Most accurate measurements taken
for proton resonant energies and total widths given in
Table V. Besides references under Table V, also Ny 55
(energies of 5 resonances in 0.5-1.0-Mev region with
relative y-ray yields), Te 54a (energies of 14 resonances

TasLE IV. Resonances in Ne*(e,a) Ne¥ reaction and
corresponding Mg levels (Go 54c).

Eg (lab) (Mev) - Ez (Mg¥) (Mev) T (kev) J, T
2.488 11.380 (0.5) 1-
2.573 11.451 1) o+
2.652 11.517 (0.5) 2+
2.903 11.726 102 o+
3.062 11.858 842 1-
3.184 11.960 (0.5) 2+
3.548 12.263 (1) 3
3.780 12.456 72 1-
3.801 12.474 541 z:
3.839 12.506 ) 4
3.923 12.576 61 2+

all £0.005

P. M. ENDT AND C. M. BRAAMS

in 0.85-1.70-Mev region with widths and relative y-ray
yields), and Fa 55. Relative y-ray yields of 5 resonances
in 0.22-0.53-Mev region, Ha 55c. For absolute ao yields
at the 287-, 338-, and 594-kev resonances, Fl 54.

Spin and parity assignments of 308-, 511-, 594-, and
675-kev resonances based on measurements of y-ray
spectra, angular distributions, y-y angular correlations,
and vy-ray widths. The 4.24-Mev Mg* level assigned
J=2% Level at 5.26 Mev observed with /=3 and prob-
ably negative parity (Gr 55e). Also Ca 53, Tu 53,
Ca 54a, Hi 54a, for measurements of y-ray spectrum at
308-kev resonance.

Spin and parity assignments at 1012-, 1137-, 1166-,
and 1288-kev resonances in St 54a based on «q angular
distribution measurements, those in Ba 56 mainly on po
and some on y angular distribution measurements, and

_those in Ne 54 mainly on partial widths for different

decay processes. Gamma-ray angular distribution and
correlation measurements at 1398-kev resonance lead
also to assignments of J=2 to Mg* 4.24-Mev level
(decaying both to ground state and 1.37-Mev level with
relative intensity of:1:0.2) and J=3 to a 5.234-0.04-
Mev level (decaying through 1.37-Mev level) (Ne 54).
The 1+ assignment to 1258-kev resonance in Se 53 based
on a;—v angular correlation measurements in planes
parallel with and perpendicular to proton beam.

On the average, Mg excitation energies as found
from Ne®+a are 5 kev higher than those from Na®+p,
Except for this, there is beautiful agreement between
excitation energies, spins and parities of Mg* levels
found from Ne®-a elastic scattering (Table IV) and
from Na®+p (Table V). In former reaction, only 7=0
levels observed with “natural parity” (parity even if J
is even, parity odd if J is odd).

The 12.256-Mev level must be a doublet, Gr 55e. A
unique 2~ assignment follows from Na®(p,y), in dis-
agreement with 3~ assignment from Na®(p,p) and
Ne®(a,e). Negative parity follows also from a polariza-
tion measurement of 10.8-Mev capture radiation,
Hu 56.

V. Na®(d,n)Mg* Q,=9.462

Angular distributions of neutrons, detected with
nuclear emulsions, measured at Eq=8 Mev. Transitions
to Mg? ground state and 1.37-Mev level very weak;
those to 4.12- and 4.24-Mev levels unresolved and weak
(1,=0+2) ; those to 5.1-, 5.5-, and 6.3-Mev levels weak
and isotropic. Transitions observed to levels at 7.45,
8.48, and 10.46 Mev, all 20.10 Mev, with 7,=0, 042,
and 0, respectively, El 56a.

Essentially same results obtained at E;=9 Mev with
a proton recoil triple ionization chamber for neutron
detection. Transitions to a 7.5-Mev level assigned
1,=0+2, those to a 8.4-Mev level /,=0. No higher
levels observed, Ca 55. Also En 54a.
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VI. Na*(8-)Mg* See Na*.

VIL. Mg (e,e)Mg*

Differential cross section for elastic scattering of 187-
Mev electrons and for inelastic scattering: leading to
level (1) determined, (He 56).

VIII. Mg*(n,n")Mg*

At E,=2.56 Mev, only one v ray (E,=1.368=+0.010
Mev) from inelastic neutron scattering on natural mag-
nesium can be assigned to Mg (Da 56¢). Also En 54a,
Sc 54d, Pa 55, Ra 55, Cr 56a. Elastic neutron scatter-
ing, Cu 56.

IX. Mgh(p,p))Mg*

Most accurate measurement of first Mg* level, done
by electrostatic analysis of inelastically scattered pro-
tons, 1.3714+£0.002 Mev (Do 53). Second and third
levels measured by magnetic analysis at 4.134-0.02 and
4.24+0.02 Mev (Ha 52). Higher levels reported (all
from natural magnesium bombardments) at 4.77, 5.24,
6.00, 6.42, and 6.90 Mev, all £0.05 Mev (Gr 56f), at
5.10 Mev (St 52), at 5.1£0.1, 5.940.1, and 6.3+£0.1
Mev (Fi54), at 5.514+0.3, 7.3240.3, and 8.304-0.4
Mev (Fu 48), and at 6.38+0.08 Mev (Ba 52).

Angular distribution measurements of elastically and
inelastically scattered protons, En 54a, Fi54, Gr S5,
Co 55, Gr 56f, Gu 56a, Sh 56.

A p-v angular correlation measurement, En 54a.

Resonances, under Al?5.

X. Mg*(d,d")Mg*
Angular distribution measurements of elastically and
inelastically scattered deuterons, En 54a, Gr 55, Ha 56c.

XI. Mg*(a,0’)Mg*

Angular distribution measurements of elastically and
inelastically scattered a particles, Gu 56, Wa 56a,
Groups both to 1.37-Mev level and to doublet at 4.2
Mev agree with direct surface interaction for 0t—2+
transitions. Thus, the 2+ 4.24-Mev level is excited but
not the 4+ 4.12-Mev level (Wa 56a).

Resonances, under Si?,

XII. Al%(BH)Mg* See Al%

XIII. Mg®(y,n)Mg* Qn=—7.332

Threshold and yield, En 54a, Ka 54, Na 55, Ye 56,
Mo 5S.

XIV. AP7(y,)Mg¥ Q,=—18.217

Threshold, 18.24-0.2 Mev. Yield from 31-Mev
bremsstrahlung in good agreement with statistical
theory (Wa 56).
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TaBLE V. Resonances in Na®-}-p reactions.

Ep (lab) E: (Mg%) r
(kev) (Mev) Decay * (kev) J.
250.8+0.28 11928 y 034028
287 +1.5b 11.962 a0
307.8+0.3* 11,983 y 08+03= 2-d
338 +1.5b 12.011 a0
373.5:+0.4* 12.045 y 20+1.0-=
443.8+0.6* 12.113 y 08+03-=
510.9+0.62 12.177 y 08+03-s 1+d
594 ¢ 12,256 po a0 k% 2+1c 274,370
675 ¢ 12,334 po ¥ <1le 3+d
725 ¢ 12.382 Po 720 0~
740 ¢ 12.396 Do v <3¢
744 o 12.400 1% <3e
797 ¢ 12,451  po a0 7421 1-¢
815¢ 12.468  po a0 S1t 2%e
849 ¢ 12.501  po )t +e
877 ¢ 12.527 o kG 8420 I*e, (1) g (1,2)*2
922 ¢ 12.571 Do a0 611t 2+e
989 ¢ 12.635 1% <1le 40
1011 e.0 12.656 P2 ¥ <0.5¢
1012 .o 12.657 P11 a0 a1 0.8+0.1¢ 3-h (2+)&
1022 o.0 12666 pe M aty 6.6-£0.5 ¢ 2-¢
1087 e 12.729 § 2 ¥ 1.14+0.5e
1094 o0 12,734 P11 a0 a1 7.940.5¢ (2*) e
1137 o0 12.777 1) 30 45 +h
1166 c.e 12.804 P a0 a1y 1.240.1 ¢ 2+h (17)e
1176 c.e 12.814 po ;1 aty 2.54+05¢ it+e
1206 c.e 12.844 po > a1 0.3:0.1¢ (2=)e
1213 c.0 12.849 po M ary 04:+01e @) e
1258 c.e 12.893 o M1 a1 0.640.1¢ 1+ei
1273 ¢ 12.907 v
1288 o.e 12921 po p1 a0 a1 7.1+£0.2¢ 1= ch
1321 0.0 12953  po 1 aty 21405 3te
1329 ce 12962 po p1 a1 3.540.2¢
1334 c.e 12.966 o M 6.74+0.2¢
1365 c.e 12.996 o > 1.24-0.2 ¢ )¢
1398 c.e 13.028 po 1 S ary 0.8+0.1¢ 3tes
1419 c.e 13.048 P a0 a1y <03 4tec
1460 c.e 13.087 o p1 a0 o1 9.8£0.2 37¢, (27)e
1511 e 13.135 -k« ! <10
1519 ¢ 13.143 -+ 1 al 3.24+0.5¢°
1558 ¢ 13.170 -+ p1 @0 a1 6.5+0.5¢
1575 13.196 --- @0 <10e
1638 13.257 +++ p1 a0 o ~50 ¢
1645 ¢ 13.263 -+ ;1 ~8 e
1653 ¢ 13.271 at ~2e
1719 ¢ 13.334 1 a1 2.030.5¢
1737 ¢ 13.352 1 15242
1749 ¢ 13.363 -+ 1 <1.0e¢
1802 ¢ 13414 -+ p1 a0 EESE
1805 13.417 ... @ a1 641e
1832 ¢ 13443 .- ; a1 <0.35¢
1839 ¢ 13.449 b4 a1 3.24+0.2¢
1870 ¢ 13.479 y 2 ~1e
1933 13.540 1 at 6.940.5¢
1976 ¢ 13.581 at 23 +3e
1979 13.584 - p1 a0 9.5k1e
2027 e 13.629 ... at 33+l
2075 ¢ 13.676 .- a0 o1 8.74+0.5¢
2080 ¢ 13.681 .-« ;1 31 +2e
2122 ¢ 13.721 -+ Pp1 @0 a1 4.840,5¢
2170 ¢ 13.767 -++ p1 @0 ~2e
2200 ¢ 13.795 e preeemym 3.5+05e¢
2223 ¢ 13.817  «++ p1:++ a1 47 +5e
2243 ¢ 13.836 -+ pr--- ~2e
2284 ° 13.876 -++ pr:es a1 2.040.5¢
2297 e 13.888 -+ pre-c a1 ~28 e
2340 ¢ 13.929 -« pr - ~10e
2343 ¢ 13932 ... e a1 ~14 e
2354 13943 «+¢ pr:er a1 ~4 e
2388 e 13976 -+ p1e+- a1 49405
2436 ¢ 14021 -+ P11+ a1 6.540.5¢

* For observed modes of decay po refers to elastic scattering, p1 to in-
elastic protons (observed through the 0.439-Mev Na® v ray), ao to ground-
state a particles, a1 to short-range « particles (mostly observed through
1.630 Mev Ne y rays), and v to hard vy rays from proton capture.

8 (Ha 55c); b (F154); © (Ba 56, Pr 56); 4 (Gr 55e); ¢ (St 54); f (Go 54¢);
¢ (Ne 54); b (St 54a); i (Se 53); i (De 56).

Mk No elastic proton scattering measurements available above Ep=1.5
ev.

1 Hard v rays very weak or absent above Ep =1.5 Mev.
= No ground-state a-particle measurements available above Ep =2.2 Mev.

XV. Al_”(jz,a)Mg“"1 QOn=1.595

Q by electrostatic analysis=1.5944-0.002 Mev (Do
53),-and by magnetic analysis=1.58540.015 Mev
(Fr 50), 1.59540.007 Mev (Va 52a), 1.61=£0.02 Mev
(Ru 53a), and 1.596=-0.006 Mev (Va 57d).

From' electrostatic analysis first level obtained at
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1.3662-0.004 Mev (Do 53), and from magnetic analysis
at 1.3660.006 Mev (Va 57d).

Transitions to 4.11- and 4.21-Mev levels observed by
magnetic analysis at E,=8 Mev (Re 52).

Resonances, under Si®®. Also En 54a, Gr 54a, Pa 54.

Al
(not illustrated)

[ A#(BH)Mg* Q,=14.0

Half-life (average of three measurements, En 54a)
2.09-+0.04 sec.

Gamma rays observed with a scintillation spec-
trometer in Table VI. Positrons reported with endpoint
of ~8.5 Mev. One per several thousand disintegrations
proceeds through an excited state in Mg which emits
a particles of E,~2 Mev (Gl 55).

The B+ decay seems best explained by assuming a
309, branch to an 8.5-Mev level, probably with spin 3,
de-exciting through the 7.12- and 4.22-Mev v rays to
the 1.37-Mev 2+ and 4.12-Mev 4+ levels, a 159, branch
to a 9.5-Mev level, de-exciting through the 5.35-Mev
v ray to the 4.12-Mev level, and finally a weak transi-

TaBLE VI. Gamma rays from the AI?#(8")Mg* decay.

Author: Gl 55 Br 54a

Ey (Mev) Rel. int. Ey (Mev)

1.39+0.03 0.40 1.38+0.04

2.73+0.06 0.32 2.70-£0.06
4.224:0.10 0.15 4.2140.12
5.354:0.10 0.06 5.37+0.14
(5.66=0.18)

7.1240.10 0.07 7.02+£0.20

tion to a level at ~11 Mev, de-exciting through o emis-
sion (Gl 55). The 9.5-Mev level in position expected
for T,=0 member of T'=1 triplet to which also belong
J =4+ Na? ground state and Al* ground state (presum-
ably also with spin J=4%). The g transition to this
level would then be favored (Bo 55, Wi 56a).

IL. Mg®(pm)Al* Qn=—148

Threshold is 15.4+0.3 Mev (Bi 52). Also Ty 54,
Co 55b. :

Na®*
(not illustrated)

L. Na®*(8")Mg* Qn=40

Measurements of half-life (En 54a, Iw 55, Na 56),
in good agreement, average to 59.540.7 sec. The 8~
end point, measured with Al absorbers, 3.7+0.3 Mev
(B147) and with a scintillation spectrometer, 4.0+0.2
Mev (Ma, 55). From analysis of ¥ spectrum and 8=~y co-
incidence spectrum, 65%, 3.5%, 25%, and 6.5% of 8~
transitions lead to ground state and to 0.58-, 0.98-, and
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1.61-Mev levels of Mg?®, respectively (Ma 55). How-
ever, intensity ratios in v spectrum measured with a
large Nal crystal show that 8~ branching to the 0.58-
Mev level is probably less than 19, (Go 56). Branching
ratios, log f# values, spins, and parities in Table VII.
Assignment of 5/2% to Na® ground state based upon
absence of a measurable transition to Mg?® (1) together
with allowed character of transitions to Mg? (0) and
(2). Energies and relative intensities of v rays in Table
VIII. Discussion of possibility of favored transitions,
Ki 55, Fe 55.

TaBLE VII. The 8~ decay of Na? (Go 56).

Mg? level (Mev) 0 0.58 098 1.16 1.96
Branching ratio (%) 65 <1 30 5 <1
Log ft 52 >69 52 5.6 >5.9
7 and x; Na®(0)=5/2+ 5/2+ 1/2+ 3/2+ (7/2+ 5/2+

II. Ne®(e,p)Na? Q,=—3.70
Observed, En 54a.

III. Mg*(n,p)Na* Q,,=—3.22
Cross section, En 54a.

IV. Mg®(y,p)Na® Q,=—14.21

Threshold, E,=14.04-1.0 Mev.
En 54a, Ka 54; also Mo 5S.

Cross section,

TasBLE VIII. Gamma rays following the 8~ decay of Na?s.»

Iw 55 Ma 56 Na 56 Go 56
v1 410 384410 (4444) 37010 (108) 400 (95+4)
ye 590 57610 (5947) 580410 (135) 580 (89£S5)
vz 980 978415 (100£15) 975 (100) 980 (100£3)
Y4 1603420 (40+7) 1610 (33%3)

a Energies in kev; relative intensities normalized to v3 =100 and placed
in brackets. .

Mg?
(Fig. 6)
I. Ne2(a,n)Mg?® Q,=—0.483
Work with Po a-particle sources, En 54a.

II. Mg (n,y)Mg® Qn=7.332

Thermal neutron capture cross section of natural
magnesium is 6324 mb; those of Mg, Mg?$, and Mg
are 3310, 270490, and 602460 mb, and their abund-
ances 78.6, 10.1, and 11.39, respectively, indicating
approximately 419, of thermal neutron captures in
natural magnesium should occur in Mg (Hu 55c).

Gamma, rays from capture of thermal neutrons in
natural magnesium, measured with magnetic pair spec-
trometer (Ki 51, Ki 53a) and with two-crystal scintil-
lation spectrometer (Br 56e), in Table IX. Intensity of
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line J not in agreement with above estimate of contri-
bution of Mg to capturing cross section of natural
magnesium. Possible assignments in Table IX based
mainly upon comparison of vy energies with Q values of
(d,p) reactions. Great intensity of line J (from captur-
ing state to p level at 3.405 Mev in Mg®) explained by
assuming this is most energetic E1 transition. Since
this level is de-excited by vy rays K and L to ground state
(spin 5/2%) and first level (spin 1/2%), both these com-
peting transitions must be E1, and spin of 3.405 level
is uniquely determined as 3/2~ (Ki 54a).

Recalculation of intensities of some lines in photons
per 100 captures in Mg, Ki 54a.

TIT. Mg¥(n,m)Mg* Ey=17.332

Total neutron cross section of natural magnesium,
Hu 55c.

TaBLE IX. Gamma rays from capture of thermal
neutrons in natural magnesium.

Intensity in
photons per
100 captures

Final nucleus
and probable

y ray Energy in Mev in natural Mg transition
A" 11.086-+0.025 ¢ Mg?6 (c)—(0)
A’ 10.08 +0.024 Mg  —(0)
A 9.26 +0.042 1a Mg (c)—(1)
B” 8.93 +£0.024 Mg26 —(0)
B’ 8.55 £0.024 Mg?26 —(0)
B 8.16 +0.032 9a Mg2 (c)—(2)
C 7.37 £0.08 » 0.5%e Mg? (¢c)—(0)
D 7.15 +£0.042 le Mg (c)—(3)
E 6.75 £0.04= 2.5me (Mg?6), Mg? (c)—(1)
& 6.440-£0.008 b 1.3 be Mg? (¢)—
F, 6.358-+0.007 b 3.5be Mg? (c)—(2)
G 5.73 £0.04» 1s (Mg?5) (c)—(3)
H 5.50 +0.04» 78 (Mg25), (Mg26)
I 5.05 +0.07 = 9a (Mg2s
J 3.918+0.004 ® 70 be Mg?  (c)—(8)
K 3.408+0.018 4 ~104 Mg? (8)—(0)
L 2.816+0.016 4 ~50%ed Mg?s (8)—(1)
M 1.87 +0.03 ¢ 22¢ Mg (1)—(0)
N 1.07 +£0.05° 13¢ Mg (2)—(1)

» Ki 51. b Ki 53a, ¢ Br 56e. 4 Ca 56. ¢ See also Ki 54a.

Resonance at E,=85 kev has J=3/2~ by measure- '

ments of total cross section of enriched Mg (Ta 56)
and by measurements of the differential scattering cross
section at 90° and 180° (Bl 56). Resonances at E,=275
and 430 kev also assigned to Mg¥; it is proposed that
they have J=1/2- and 3/2-, respectively (Fi 51).

IV. Mg®(d,p)Mg® (,,=5.107

Ground-state 0=35.097-£0.007 Mev (En 52b). Ten
levels in Mg® (see Table X) found from magnetic
analysis with targets of natural magnesium. Assignment
of proton groups based on comparison with Mg?s levels
found from Al*"(d,a)Mg?® and with proton groups from
(d,p) reactions on targets enriched in Mg? and Mg?®
(En 52a). Also En 54a. Above 4.6 Mev, four incom-
pletely resolved levels found from Al absorption meas-

Z=11 TO 20 693
urements (Ho 53), and several more from low-resolution
magnetic analysis (Kr 53a); Table X.

Measurements of y rays in coincidence with protons
which have passed through an Al absorber of variable
thickness indicate transitions from the first four excited
states of Mg? to ground state and from second and
fourth excited states to first one (Mu 56). See Reaction
VII for conclusions about spins and parities from «
branching ratios.
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Angular distribution measurements yield 7, values in
Table X. Angular distribution of protons associated
with the 1.61-Mev level is isotropic. Relative intensities
of proton groups and neutron capture probabilities,
Ho 53.

Angular distribution of protons from (d,p) reaction
to 3.40-Mev level and angular correlation between
protons and gammas from this level measured at several
deuteron energies between 2 and 4 Mev, Results in
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accordance with a 3/2— assignment (WiS55, also
Co 56a).

Transition probabilities in Mg*(d,p) and (d,n) reac-
tions, Fu 54.

V. Na?(8")Mg?* See Na? .

VI. Mg?(n,n")Mg?®

A v ray of 1.61640.016 Mev results from inelastic
scattering of 2.56 Mev neutrons by natural magnesium
(Da 56¢). Cross section, Da 56c.

With 3.2-Mev neutrons, v rays of 0.38240.02 and
0.594-0.02 Mev found together with others which can
be ascribed to Mg or Mg?® (Sc 54d). Also Ra 55, Pa 55.

VIL. Mg*(p,p")Mg*

By magnetic analysis of inelastic scattering of 8-Mev
protons by natural magnesium targets, levels found at
0.61, 1.62, 1.98, 2.56, 2.76 (possibly a doublet), 3.41,
and 3.91 Mev, all £0.02 Mev (Ha 52). These agree
well with levels in Mg?® found from other reactions.
Also Fi 54.

Energy of y ray from first excited state measured
with a scintillation spectrometer, 0.588+0.005 Mev
(Ka 55).

Yields of 1.96, 1.61, 0.98, and (0.4040.58)-Mev v
radiation from Mg?5(p,p’y) reaction measured as func-
tions of proton energy in range from 1.5 to 3.0 Mev

(Go 56).

TasLE X. Energy levels in Mg? from Mg#(d,p) Mg?.

Author: En 52b, En 53a Ho 53 Kr 53a
Eq (Mev): 1.8 8 4.04
Method: Magnetic Al Magnetic
analysis absorption analysis
Qo (Mev): 5.097 4:0.007
E; (Mev) E: (Mev) » In E; (Mev)
0 2
0.582+0.006 0 0.5040.20
0.976-0.006 2 1.004-0.20
1.61240.006 1.58+0.20
1.9574-0.006 2 2.02+0.20
2.5654-0.006 (2.4740.20)
2.742+0.008 2.70£0.20
2.806=£0.007 (2.87+0.20)
3.405+0.007 1
3.899+0.008 3.9240.20
3.9724+0.010 (4.0340.20)
(4.0524-0.010)
(4.265+-0.007)
(4.421+0.010)
4.624-0.05 4.62+0.20
(4.86£0.20)
(4.96-0.20)
5.05+0.07 5.1540.20
5.34+0.20
5.4740.07 5.54+0.20
6.09+0.20
6.250.20
6.404-0.05 6.544-0.20
6.9540.20

7.07+0.20

P. M. ENDT AND C. M.

a Ground-state Q =5.097 Mev assumed.

BRAAMS

TasLE XI. Energy levels in Mg? from Al?7(d,e) Mg?s.

Author: Sc 50 To 52 En 52b, En 53a
Eg in Mev: 111 10.8 2.1
Method : Al Nuclear Magnetic
absorption emulsions analysis
Qo (Mev): 6.58:0.03 a 6.694 4-0.010
Levels in Mg?s 0.574-0.05 0.58+0.02 0.5844-0.006
in Mev 0.964-0.05 0.93£0.04 0.977+0.010
1.63£0.04 1.62+0.03 1.6104-0.010
1.974+0.05 2.0940.05 1.958+0.010
2.558+0.010
2.7440.04 2.7410.03 2.729-+£0.010
2.791+£0.015
3.36+0.04 3.36+0.03 3.4044-0.012
3.89640.015
3.9640.04 3.960-£0.015
4.01+0.05 4.124+0.04 4.05740.015
4.81+0.05 4.87+0.03
5.484+0.05 5.564-0.03
5.9540.05 5.93+0.03
6.98+0.03
7.8540.04
8.62+0.05
9.06-:0.04
9.75+0.04
10.784-0.04
11.8940.05

& Ground- state Q =6.694 Mev assumed.

By comparing v spectra at different resonances and
by measuring y-y coincidences, branching ratios of
levels at 0.98, 1.61, and 1.96 Mev obtained (Fig. 6)
(Go 56, Go 57a). Spins and parities of lower levels agree
with these branching ratios, hyperfine-structure meas-
urements (Ra 53), (d,p) angular distributions, log ft
values in decay of Na?® and Al?% shell model predictions,
and classifications of corresponding levels in the mirror
nucleus Al%.

VIII. AIP%(B+)Mg?® See Al*®

IX. Mg¥(y,m)Mg® Q,=—11.118

Threshold at 11.1540.20 (Sh 51a). Cross sections,
Ka 54, Na 55, Ye 56; theoretical discussion of observed
cross sections, Mo 55.

X. Al(d,a)Mg®  Q,,=6.702

Table XTI shows good agreement between level posi-
tions found with different bombarding energies and de-
tection methods by different authors and also with level
positions deduced from Mg (d,p)Mg? studies (Table
X). Also En 54a, Be 55.

Angular distributions, En 54a.

XI. Si8(n,0)Mg® Qn=—2.661

Not observed.
Al%»

(Figs. 7 and 8)
1. AP(BH)Mg» Q,,=4.26

Half-life is 7.6240.13 sec (Ch 53, Hu 54b, also
Br48). The 5+ end point is 3.24+0.03 Mev, as measured
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with a magnetic lens spectrometer (El 55, also Hu 54c).
Log ft=3.5.

Decay accompanied by weak 1.584-0.03-Mev v ray
(Ma 55, also Ch 56), indicating roughly 19, of g+
transitions go to 1.61-Mev level of Mg®. Log ft value
for this transition 5.3. No 1.98-Mev v ray with intensity
>0.59, was detected (St 56).

1. (a) Mg®(py)Al  E,=2.29
(b) Mg%(p,p)Mg*  Ep=2.29
(c) Mg*(p,p'y)Mg* E,=2.29 E,=1.368

Several authors (Ta 46, Gr 50, Ca 53, K1 54, Gr 55c¢,
Hu 53, Hu 54b, Hu 55, Cr 56, Ag 56, Li 56a, Va 56b,
Va 56c, Ch 56) have observed resonances for the
Mg (p,y) reaction, either by measuring yield of radio-
active AI*® (Gr 50, Hu 54b, Hu 55), or by measuring
yield of capture v rays (all others). Some resonances
found with targets of natural magnesium (Ta 46,
Sm 57) ascribed to Mg?(p,y)Al* reaction (Hu 55).
Resonances for elastic scattering of protons by Mg
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N
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observed for proton energies between 0.4 and 3.9 Mev
(Mo 51); partial-wave analysis (Ko 52) yields width
and classification of eight levels in Al?*. For proton
energies between 2.0 and 3.0 Mev, eight resonances for
inelastic proton scattering observed (Li 56a, Le 56a),
three correspond to those found from elastic proton
scattering.

The v decay of first three resonances studied by
several authors; references in Table XII, column 3.
Coincidences and angular correlations in y decay of
higher resonances studied with two large scintillation
crystals; most assignments of spins and parities to levels
of Al result from this work (Li 56a, Li 57). Resonant
proton energies, excitation energies, modes of decay,
widths, and classifications of Mg+ resonances in
Table XTI. Available information on branching ratios,
spins and parities in Fig. 8.

TasrLe XII. Resonances in Mg p,

Ep (lab)  E; (Al%¥) r
(kev) (Mev) Decay ® (kev) J,w
225.54+0.2> 2.51 yosbhti L™ 1/2+1
418.4+0.5b 2.69 yodk <le 3/2tadkl
824.94+0.4¢ 3.08 po° yodl 1.5n 3/2-on
1200¢ 3.4 5 <104 (9/2)+d
1490 ¢ 372 poe v P 0.3» 7/2-4d
1620° 385 po° yb 36n 1/2-»
1660 © 3.88  poe yd 0.1n 5/2+4d
2010 422  poe prdind 0.15» 3/2+df
2400 e 4.59  poe pr1diqd 0.3» 5/2+df
27204 4.90 pd <104 >5/24d
2890 ¢ 5.06 prof <104 1/2, (3/2%) 1
(2920) 4 (5.09) prd
29304 5.10 prof ~50d 5/2+1
3140 530 poe 200 3/2—n
3660 © 580 poepuf 3/2-1
6.14» Pt 1/2, (3/2%) ¢

» The symbols po, p1, and v refer to elastic proton scattering, inelastic
scattering to Mg? (1), and proton capture, respectively.
b Hu 54b. Hu 55. ¢ Ag 56. 4 Li 56a. ¢ Mo 51. fLe 56a. & Ca 53. b Cr 56.

iVa 56b. i Ch 56. k Va _56¢. ! Gr 55¢c. = Ta 46. » Ko 52.
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TaBLE XIII. Levels in Al?6 from Mg (d,n)Mg?s

reaction (Go 53).

Q value

Excitation energy in
Al2s (M

(Mev) ev) J,

0.070.06 0 3/2+, 5/2+
—0.38+0.06 0.45-0.03 1/2+
—0.880.05 0.950.03 3/2+, 5/2+
—1.7440.04 1.814-0.04
—1.874+0.04 (1.94)
—2.444-0.04 2.5140.05
—2.67+0.04 2.7040.05
—2.8540.04 (2.92)
—3.04+0.03 3.09:0.06 1/2-,3/2

1. Mg(dm)AlB  (,,=0.06

Ground state and six excited states of Al*® observed
with separated Mg targets at Eq=4.0 Mev (Go 53).
Neutrons detected at six angles with nuclear emulsions.

Q values excitation energies, and classifications based

on Butler analysis in Table XIII.

IV. Mg®(p,n)AlS  Q,=—5.05

Threshold measured as E,=5.1 Mev (Bl 51), 5.25
+0.1 Mev (Sc 54b), and 5.289+0.025 Mev (Ki 55a).
Latter value corresponds to Q= —5.084-+0.024 Mev.

V. SiB(p,e)Al*® Q,=-—17.71
Not observed.

GENERAL REMARKS

There is a striking correspondence between excitation
energies, spins, parities, and vy-branching ratios of the
low-lying levels in the mirror nuclei Mg? and Al?. The
v-branching ratios in Al*®, about which a large amount
of information is available, can be explained on the
basis of the collective model if it is assumed that the
levels below 4 Mev belong to four rotational bands with
K=5/2,1/2,1/2,and 1/2 as in Fig. 8. Ground-state M1
transitions from levels of the K=1/2 series are attenu-
ated by factors of approximately 20 as compared to M1
transitions between levels in the same bands (Li 56a,

Go 56).
Mg?
(Fig. 9)
I Ne®(a,0)Ne? Ey=10.635

Thirteen sharp resonances observed in neon elastic
cross section for E,=2-4 Mev at four different angles.
Two resonances at E,=3.245 Mev (I'=2.540.5 kev)
and E,=3.418 Mev (I'=3.240.5 kev) assigned to
Ne2, For both, /=3~ found from partial wave analysis
(Go 54c). They correspond to Mg?® levels at 13.380 and
13.526 Mev.

II. Na®(a,p)Mg® Q,,=1.842

Levels found with a particles from radioactive sources,
En 54a.

Yield of 1.83-Mev v ray de-exciting first Mg?® level
measured for E,=1.9-3.6 Mev (Te 54; for resonances,
Al?"). For p-y coincidence measurements at E,=7.8
Mev yielding y-decay modes of four lowest Mg?® levels,
En 54a. Also Br 55b.

IIT. Mg®(n,y)Mg?® Q,=11.118

Cross section, Hu S5c.

Gamma rays from thermal neutron capture in natural
magnesium observed with a pair spectrometer (Ki 51,
Ca 56) and with a two-crystal scintillation spectrometer
(Br 56¢). From neutron binding-energies of Mg?, Mg?,
and Mg?¥, all transitions with E,>7.4 Mev must be
assigned to Mg?. Several other transitions fit well
between known levels of Mg?. Energies, intensities,
and proposed assignments in Table IX.

IV. Mg®(n,m)Mg® E,=11.118

Resonances in total cross section of samples enriched
in Mg?» observed at E,=20 kev (I'~1 kev), 81 kev
(T'~9 kev), and 101 kev (I'~10 kev) (Ta 56).

For Mg?s levels observed, under Mg?.

V. Mg®(d,p)Mg2® (,,=8.893

From magnetic analysis at E;=1.8 Mev (using en-
riched targets), Q value determined as 8.8803-0.012
Mev, while Mg? levels are found at-1.8254-0.015,
2.972-£0.010, 3.9694-0.010, 4.353+0.011, 4.863--0.011,
4.924-£0.011, 5.27020.011, 5.322-£0.011, 5.502--0.011,

EI
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and 6.1472£0.011 Mev (En 52). Levels from Al absorp-
tion or nuclear emulsion methods, En 54a, also Kr 53a.

Angular distribution study at E;=8 Mev indicates
neutron orbital angular momentum /,=0 associated
with transitions to the 2.97-, 3.97-, 4.35-, and 6.15-Mev
levels (J=2* or 3*) and both /,=0 and /,=2 with
transitions to 1.83-Mev level. Two levels at 7.2940.06
and 8.2840.06 Mev found (Ho 53).

Computation of (d,p) reduced widths, Fu 54.

VI. Mg?*(n,n")Mg?*

Inelastic scattering of 2.56-Mev neutrons on natural
magnesium gives a 1.820+0.018-Mev +y ray which
must be assigned to Mg?® (Da 56¢). Also Sc 54d, Ra 55,
Pa 55. Resonances, under Mg?.

VIL. Mg*(p,p")Mg*
Magnetic analysis at E,=8 Mev gives levels at

1.83+0.02 and 2.964-0.02 Mev (Ha 52), also En 54a,
Fi 54.

VIII. AI$(B+)Mg?® See Al*.

IX. Al(y,p)Mg® Q,=—8.250

Threshold and cross section, En 54a, also Da 56d,
Mo 55.

X. Si®(n,0)Mg*® Q,=—0.017
Not observed.

GENERAL REMARKS

For jj-coupling computation of excitation energy of

first Mg? level, Th 56.
. Angular distribution measurements of protons from
Mg?(d,p)Mg?® reaction limit spin of the 4.35-Mev level
to 2% or 3*. The 3* possibility, however, can be elimi-
nated because this level belongs to the same isobaric
spin triplet as the 2+ 4.55-Mev level in Al2S,

Same reasoning can be applied to Mg? first level.
The 2+ assignment found from unique second-forbidden
character of Al**(8+) transition to this level (see Al
Reaction Ta) strengthened by 2+ assignment to analo-
gous level at 2.07 Mev in Al%,

A126
(Fig. 10)

I (a) AI*%(BH)Mg* (,,=4.016

Half-life is about 10% yr as estimated from Mg?
(d,m)APS yield (Si54). About 5X10* yr would follow
from known S+ end point and an estimated log ft=13,
(En 54c, Ka 55).

Main g+ branch proceeds to first level in Mg? at
1.83 Mev. The g% end point measured by scintillation
spectrometer as ~1 Mev (Si54), 1.1720.05 Mev
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(La 55), and 1.14+0.01 Mev (Fe 56), and by Al
absorption as 1.304:0.15 Mev (Ha 55b). Shape of g+
spectrum is unique second forbidden (La 55, Fe 56),
which determines spin of first Mg?® level (which should
be 2* or 3* from Mg?(d,p)Mg?® angular distribution
measurements) as 2%, and that of AI*® ground state
[a (ds/s7?, ds/s™) state with J<5 and positive parity]
as 5*. The y-ray de-exciting first Mg?6 level measured as
1.9 Mev (Si54), 1.7640.1 Mev (La 55), 1.82 Mev
(Ha 55b), and 1.84£0.01 Mev (Fe 56). It is in coinci-
dence with g+ (Ha 55b, Fe 56).

A weak branch proceeds to 2.97-Mev Mg? level,
probably by electron capture. A 2.91-Mev v ray ob-
served with intensity 0.004 relative to that of 1.82-Mev
v ray (Ha 55b). Also a 1.1-Mev v ray found in coinci-
dence with 1.82-Mev y ray (Fe 56). A reported 0.717-
Mev v ray (Ha 55b) which cannot be fitted in the Mg
level scheme is probably instrumental (Fe 56).

(b) APSm(8H)Mg? Q,=4.244

Half-life averaged from three measurements (6.49
=+0.10 sec Ka 51, 6.6840.11 sec Hu 54b, 6.540.1 sec
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Ha 54a) is 6.5520.06 sec, in agreement with determina-
tions of 6.47 and 6.40 sec (Gr 54).

The 8+ spectrum is simple and Fermi plot is straight
(Ka 55, El1 55). End point measured by magnetic spec-
trometer, 3.2040.05 Mev (Ka 55), and 3.214-0.03 Mev
(EL55), and by Al absorption, 3.2+£0.1 Mev (Ha
54a). Older absorption and cloud-chamber determina-
tions, En 54a. No v rays observed. An upper limit of
0.019%, given for potential 8+ branch to 1.83-Mev Mg?$
level (Ma 55).

Initial state of Bt decay is 228 kev first level of Al%
which is T,=0 member of J=0* T'=1 isobaric spin
triplet (see Reaction X). The f¢ value of this super-
allowed 0+—0% decay can be used for a determination
of the Fermi interaction constant gr (En 54c, Ka 55).

Discussions of isobaric spin triplets under Mo 54,

Wi 56a.

II. Na®(a,m)Al® Q,,=—2.957

From observation of slow neutron thresholds and
from neutron energy determinations with a proton re-
coil proportional counter, Q= —2.9+0.2 Mev and Al*
levels are found at 0.3, 1.0, 1.4, 1.8, 2.5, and 2.9 Mev,
all #0.2 Mev. Threshold for positron emission corre-
sponds to Q=—3.2 Mev, indicating that 0.228-Mev
level is positron emitter (Do 56). Also, En 54a.

III. Mg®(p,v)A*®* Q,=6.319

Resonances from enriched target bombardments, ob-
served in v and/or Bt yield, in Table XIV. Branching
of v decay to AI?® ground state and first level varies
from resonance to resonance with corresponding large
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variation of 8/ ratio. Absence of 8t emission at 437-
and 958-kev resonances is notable. Proton resonance
energies averaged to obtain corresponding Al excita-
tion energies. Also in Table XTIV are resonance strengths
@s+nr,r,/@,+71,) as observed from thick target
y-ray yields.

Natural magnesium targets, En 54a, Sm 57.

Spectra of v rays with relative intensities measured
at 317-, 392-, 437-, 496-; 571-, and 597-kev resonances
(K154 superseding Kl 54a), and at 686-, 724-, 777-,
816-, 934-, and 959-kev resonances (Gr 56e), while
observed v rays (without relative intensities) also given
at 724- and 959-kev resonances (Ka 55). Gamma-
gamma coincidence measurements (Ka 55, Gr 56e), and
y-ray angular distribution measurements, (Gr 56e).

Strong direct transitions to Al?*® ground state only
observed at 437-kev resonance (Kl 54), while first level
at 228 kev is fed directly only at 934-kev resonance
(Gr 56¢). Although positrons are observed at 1191-kev
resonance, decay proceeds by at least 999, through
Mg?(p,p’) reaction to first level in Mg? (Ka 55). Be-
sides other levels found from the Si?8(d,a)Al?® reaction
(Reaction X), new levels at 2.09, 2.32, 2.54, 3.16, 3.67,
3.76, and 4.55 Mev are necessary to explain observed
single and coincidence y-ray spectra (Gr 56e). Also a
5.16-Mev level reported (not indicated in Fig. 10)
(Br 56i). Some «y-ray energies given with an accuracy
surpassing that of the level differences found from
Si28(d,«) AI?6 reaction. The (2)—(0) transition is given
as 41943 kev (En 54c) and 41644 kev (Ka 55), the
(3)—(1) transition as 820-£4 kev (En 54c) and 8336
kev (Ka 55), and the (6)—(3) transition as 1002+10
kev (En 54c) and 102246 kev (Ka 55).

TABLE XIV. Resonances in Mg25(p,y)Al%.

Observed: v g v and 8+ v and B+ ¥ E. (Al%) (2T +1 )I% (ev) J w T
Reference: K154 Ta 54b Hu 55 Ka 55 Gr 56e (Mev) Kl 54 Gr 56e
E, (lab): (kev) 321 316.7+0.7 6.608 0.3
395 388 391.54+0.5 6.680 0.6
441 . 436.5+0.4 6.723 0.7 4=
501 494 495.6+0.6 6.780 0.8
518 510 513.44-0.7 6.797 0.8
530.4+0.7 6.813
580 563 6.856 1.5
607 588 6.877 1.1
667 650 6.936 0.3
688 683 697 675 6.966 1.6 3.5 3= (T=1)
all +15 722 730 720 6.999 2.8 3~ (T'=0)
77 7 7.050 1.9 2,3)~ (T=0)
812 820 7.088 1.2 r=— (T'=1)
880 890 7.154
928 933 940 7.201 1.5 1= (T'=0)
958 960 7.225 38 2,3)- (T=1)
986 990 7.253
1043 1046 7.307
1081 1086 7.344
1098 1105 7.362
1132 7.392
1197 1185 7.448
all £10-15

= En 54c for assignment at 437-kev resonance, Gr 56e for all others.
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Prominent modes of decay of Al*¢ levels up to E,=4.6
Mev in Fig. 10. Qualitative remarks concerning y-ray
branching percentages, K154, En 54c, Gr 56e. Most
spins in Fig. 10 found from vy-ray angular distribution
measurements (Gr 56e), some spins and isobaric spins
from comparison with Mg?® level scheme. Spin assign-
ment to level (3) (probably 1) from intensity consider-
ations. Analog of T'=1, J=2% or 3 level at 3.97 Mev
in Mg?® not observed. It should have an excitation
energy of about 4.20 Mev.

Negative parity resonance levels are each observed
to decay predominantly (>75%) either to T=0 or to
T=1 levels. At 686-kev resonance decay proceeds even
for 1009, to T=0 levels. Explained by assuming that
resonance levels have T as a fairly good quantum
number and that strong transitions from these states
are E1 transitions, satisfying the isotopic spin selection
rule for self-conjugate nuclei AT==41. Isobaric spins
of resonance levels in Table XIV found this way
(Gr 56e).

Angular distributions observed at 934-kev J=1~
resonance can only be explained by assuming a large
(16 times larger than computed from barrier penetra-
bility alone) f-wave to p-wave ratio (Gr 56e).

IV. Mg®(pm)Al%  Ey=6.319 Q,,=—5.029

Resonances, En 54a.
Threshold measurements, under Al?,

V. Mg»(p,p'v)Mg? E,=6.319

Yield of 1.96-Mev, 1.61-Mev, 0.98-Mev, and (0.40-
Mev+-0.58-Mev) « rays resulting from inelastic proton
scattering measured in E,=1.5-3.0-Mev region showing
some 23 resonances (not tabulated) (Go 56). Also Ka 55.

VI Mg (dn)Al28  Q,=4.094

Thick-target measurements with nuclear emulsions,
En 54a.

VIL. Mg?(p,n)Al?®  Qn=—4.799
Mg2(p,n)ALS™  Q,,=—5.027
A slow-neutron threshold observed at E,=5.200
+0.010 Mev corresponding to Q= —5.0064-0.010 Mev.
No threshold corresponding to Al?® ground state found
(Ki 55a).
Neutron threshold measured as E,=5.254-0.1 Mev
(Sc 54b).

VIIL AP (y,m)ALS  Q,=—13.049

Threshold for neutron emission measured as 12.75
=+0.20 Mev (Sh 51a), and threshold for production of
AlZ6m activity as 14.04£0.4 Mev (Mc 49) and 13.44-0.2
Mev (Ha 54a).

Excitation curves, En 54a, Ha 54a, Mo 55.
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IX. Al7(p,d)Al  Q,=—10.824

At E,=18 Mev, angular distribution of deuterons
proceeding to one or more of the three lowest Al?® states
corresponds to I,=2 (Re 56, also Se 56).

X. Si®¥(d,a)Al** Q,,=1.433

At deuteron energies between 5 and 7 Mev and
60=90°, ground-state Q value measured by magnetic
analysis as 1.41620.008 Mev. Lower energy groups
observed with Q values of 0.998-0.008, 0.3644-0.008,
—0.33440.008, (—0.430+0.015), and —0.648+0.008
Mev, corresponding to Al?® levels at 0.418, 1.052, 1.750,
(1.856), and 2.064 (Mev. It is assumed that all observed
states have T'=0 (Br 54). Transition violating isobaric
spin selection rule also found to lowest 7'=1 level, for
which E,=228+5 kev was measured. Its intensity
varies, as a function of E4 and 6, from 2 to 659, of the
ground-state transition (Br 56d).

XI. Si®(p,e)Al*® Q,=—4.816
Not observed.
Sj26
(not illustrated)

A 1.7-sec half-life observed from bombardment of
aluminum with 23-Mev protons, which might perhaps
be attributed to Si*® produced through Al*’(p,2p) reac-

tion (Ty 54).
Mg?
(Fig. 11)

I MgZ(8)Al Q,=2.594

Half-life averaged from four determinations (En 54a)
is 9.454-0.03 min.
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TaBLE XV. The Mg?(37) A" decay.

Reference: Da 54a Ly 56

Method: Lens spectrometer Scint. spectrom. Transition:
Eg, (Mev) 1.754-+0.011 (58%) Mg2'—(1)
Eg, (Mev)  1.59220.022 (42%) Mg?—(2)
E,, (Mev)  0.834-0.008 0.834 (70%) (1)—(0)
Ey, (Mev)  1.0152:0.007 1.015 (30%) (2)—(0)
Eyy (Mev) a 0.175-0.010 (0.66%) (2)—(1)

a Intensity of intetnal conversion electrons <1073 per disintegration.

The B~ decay proceeds to two lowest Al¥ excited
states. Both levels are deexcited mainly by direct v
transitions to Al?” ground state, although a weak trans-
ition (2)—(1) has also been observed. Table XV gives
recent determinations of 8~ and v energies and in-
tensities, En 54a for older work. The two main v rays
are not coincident (Ma 54a, Ly 56); v1 is coincident
with 81, and v, with 85~ (Ma 54a). The two 8~ transi-
tions are allowed: log ft=4.75 and 4.78 for 8, and 857,
respectively. Computation of matrix elements for these
transitions, Fe 55. Also Na 56a.

A reported ground-state transition (Da 53) was later
shown to be absent (Da 54a, Ma 54a, Ko 54a).

II. Mg®(n,y)Mg” Qm=06.439

Cross sections, En 54a and Hu S5c. A recent measure-
ment of thermal neutron activation cross section (2542
mb; Ly 56) appreciably smaller than older values.

Energies of a number of vy rays from capture of
thermal neutrons in natural magnesium determined by
pair spectrometer (Ki 51, Ki53a) (Table IX). Line
F, (E;=6.4404-0.008 Mev) results from capture in
Mg?® and represents ground-state transition.

I Mg (nm)Mg2® Ey=6.439

For samples enriched in Mg?, a resonance in total
cross section observed at E,~320 kev (Ta 56).

IV. Mg®(d,p)Mg¥ Qn=4.214

From magnetic analysis at E4=1.8 Mev, Q value
measured as 4.20720.006 Mev and a level observed at
E,=0.98740.006 Mev (En 52a). Second group with
Q value of 0.714:0.05 Mev corresponding to level at
E,=3.50 Mev found by Al absorption at E;=8 Mev
(Ho 53).

Angular distributions measured at Eq=8 Mev yield
1,=0 for transitions to Mg?” ground state and to second
level, and I,=2 for transition to first level (Ho 53).
Older work, En 54a, also Kr 53a. Computation of re-
duced widths, Fu 54.

Ratio of stripping to compound nucleus formation
measured by comparing yields of Mg?* and Na* ac-
tivities observed from deuteron bombardment of mag-
nesium to those from neutron bombardment of alu-
minum. Ratio has a maximum of 8-9 for E;=1-2 Mev
(Ne 56).
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V. Al (n,p)Mg” Qn=—1811

Proton spectra and angular distributions at E,=14
Mev (Ha 56a, Ov 56, Al 57a, Co 56b). Transitions ob-
served to known Mg? levels, some indication of transi-
tions to 5.7- and 6.9-Mev levels (Ha 56a). Also En 54a.

VI. Al (¢, He®)Mg¥ Q,,=—2.576
Observed (En 54a).
VII. Si¥(n,0)Mg¥ Qn=—4.187
Cross section, En 54a.
ALY
(Fig. 12)

I. Na®(a,n)Al?® E,=10.092
Resonances, En 54a. Q value, under Al*,

TI. Na®(a,py)Mg2® E,=10.092

Partially resolved resonances in E,=1.8-3.7-Mev
region observed in yield of 1.83-Mev v ray. They corre-
spond to Al?" levels at 11.75, 11.91, 12.07, 12.23, 12.27,
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TaBLE XVI. Resonances in Mg26(p,v)Al?7.

27
Reference: Ta 46 Kl 54 Ru 54a Hu 55 E;B/([:L)) I‘I‘:I—‘;y (ev) Jox
Ep (lab) (kev 2903 300415 8.529
» by (kew) 336+1.5 34015 343 338.5+0.5 8.575 0.4 +0.1b 3/2-ab
45142 458415 450 454.24+0.3 8.687 14 +0.3°P 1/2b
662 8.887 0.7 0.2b 1/27b
720 8.943 0.21£0.05® 3/2°
813 9.033
840 9.059
954 9.169
992 9.205 7/2%
1015 9.227
1056 9.267
1172 9.379
1255 9.459
1295 9.497
1425 9.622
1465 : 9.661
all 410 ke

s Hu 56.
bVa 56d, En 56b.
Al57.

° Al

12.34, 12.46, 12.68, 12.71, 12.78, 12.84, 12.87, 12.99,
13.07, and 13.14 Mev (Te 54).

TIT. Mg%(a,p)Al" Q,,=—1.595

Resonances under Si*®. From comparison of reso-
nances in Mg*(a,p)Al?” and Al¥(p,a)Mg®, 0=—1.613
+0.010 Mev (Ka 52).

Direct measurement at E,=8 Mev with a propor-
tional counter, Q= —1.6340.07 Mev, and Al¥ levels
at 0.85, 1.06, 2.17, and 2.64 Mev, all £0.04 Mev
(Gr 56d). Also, Br 55b.

IV. (a) Mg®(dm)Al®  E,=17.143
(b) Mg®(d,p)Mg® E,=17.143

Possible resonance, En 54a.

V. Mg*(p,v)Al¥ (,,=8.250

Resonances in y-ray yield from enriched target
bombardments (K154, Ru 54a, Hu 55) in Table XVI,
in which also those resonances observed by Tangen
(Ta 46) from natural magnesium bombardments which
can be assigned to Mg?. Corresponding Al%" excitation
energies computed from weighted average of resonant
proton energies. Thirty-five resonances reported in the
E,=0.80-2.36-Mev region (Al 57).

Gamma-ray spectra, y-ray relative intensities, angu-
lar distributions, and v~y coincidences measured at 338,
454-, 662-, and 720-kev resonances (Va 56d, En 56b),
and at some unspecified resonance (Al 57). Resonance
spins found from this work in Table XVI.

Parity of 338-kev resonance obtained from polariza-
tion measurement of 7.7-Mev v ray de-exciting the reso-
nance to level (1), which determined character of v ray
as E1 (Hu 56).

Spins of a number of lower levels

0.842 Mev J=1/2, 2.976 and/or 2.999 Mev J=3/2,
2.208 Mev J = (3/2), 3.68 Mev J=1/2,
2.729 Mev J=5/2, 405 Mev J=1/2.

Energies of yraysde-exciting first and second Al levels:
0.840-£0.006 Mev and 1.012+0.008 Mev, Va 56d,
En 56b.

Angular distribution measurements (Al 57) yield
J=23/2for 1.013-Mev level, and, very probably, J=1/2
for 0.842-Mev level. The 2.729-Mev level decays for
more than 909, to 1.013-Mev level. Angular correlations
measured at 986-kev resonance in agreement with
J=17/2% or 3/2* for the resonance level and 5/2+ for
2.729-Mev level. The 7/2+ assignment to the resonance
is favored because no direct transitions to 0.842- and
1.013-Mev levels observed (intensity at most 39, of
ground-state transition).

Also En 54a, Sm 54.

VI. Mg®»(d,n)AlY Q,,=6.025

Nuclear emulsion work at E;=1.0 and 6.0 Mev gives
Al levels at 1.0, 2.3, 2.9, 6.8, 8.2, 9.5, and 10.0 Mev.
From angular distribution measurements 7,=0 assigned
to transitions proceeding to 6.8-Mev level and 7,=1 to
those proceeding to 8.2-Mev level (Tr 56).

Also En 54a.

VIL. Mg (8)AI" See Mg?.

VIIL. Al (nn')Al2"

Numerous authors have published y-ray energies and
intensities from inelastic neutron scattering measured
with a scintillation spectrometer, Table XVII. Existence
of 1.20-Mev v ray reported at E,=3.2 Mev seems
doubtful because not found in careful work at E,=2.56
Mev. The 1.91-Mev v ray observed at E,=3.7 Mev also
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TABLE XVII. Gamma rays from Al?7(z,n’) Al27.

Reference: Da 56¢ Kl 54 Sc 54d Ro 55a Gr 55d
En (Mev): 2.56 2.7 3.2 3.7 4.5
Transition Evy (Mev) o (mb) Ey (Mev) Ey (Mev) Evy (Mev) Evy (Mev)
2)—1) 0.166=-0.003 1.6+ 0.4 a

(1)—(0) 0.8404-0.008 64 + 7 0.850+0.025 0.894-0.03 0.83540.01 0.844-0.02
(2)—(0) 1.017+0.010 142 413 1.025+0.03 1.05+£0.03 1.02 +0.01 1.024:0.03
(3)—(2)? 1.20-£0.05b

(4)—(2) 1.70+0.08 1.72 +0.02

(4)—(1)? 1.91 +0.02

(3)—(0) 2.21 40.02 87 + 8 2.23 £0.04 2.2040.18 2.22 +0.03 2.274:0.08

a The 0.05-4-0.02-Mev v ray which is also reported might perhaps be identified with 31 kev (1)—(0) transition in Al following neutron capture.

b Might be pair peak of 2.21-Mev v ray.

doubtful because it would correspond to a 5/2+—1/2+
E2 transition.

Thresholds for 0.84-, 1.01-, and 2.21-Mev « rays are
equal, within experimental limits, to y-ray energies,
proving these are ground-state transitions (Ki 54). Also
En 54a, Gr 55b, Gr 55d, Pa 55, Ra 55, Ra 55a, Ta 55,
Be 56, Cr 56a, Mo 56¢, Sm 56, We 56a.

Angular distributions of elastically scattered neu-
trons, Li 55a, Be 56, Cu 56, Do 56a, Hi 56a.

IX. Al7(p,p)Al

Levels found by magnetic or electrostatic analysis in
Table XVIII. Excitation energies reported in Re 52
consistently higher by an amount slowly increasing up
to 75 kev for the highest levels than the values found
from high-resolution work given in Br 54b. Groups
corresponding to levels reported in Re 52 at 4.996 and

TaBLE XVIIL Levels in AI?” from AlZ7(p,p") Al2".

Reference: Sh51 ReS52 Do 53 Br 54b Va 57d
Ep (Mev): 2-4 8.0 2.3 5.6-8.4 2-4
Angle: 164° 90° 135° 90° 90°
Method: magn. magn. electrostat. magn. magn.
analysis analysis analysis analysis analysis
E. (Mev) 0.82 0.844 0.84330.002 0.842 0.8424-0.003
1.04 1.016 1.013  1.013+=0.003
223 2259 2213 2.205+0.004
275 2.782 2732 2.727+0.004
2977  2.97540.004
3.046 3.001  2.998+0.004
3.736 3.677
4.018 3.954
4115 4.054
4473 4.403
4.575 4.505
4.647 4.576
4.875 4.807
4.996
5.107
5.220 5.150
5.341 5.242
5.410
5.501 5.425
5.565 5.491
5.620 5.544
5.736 5.659
all 4-0.020 5.821
5.951
all £0.006

5.107 Mev are probably from carbon contamination
on front and back side of target (Br 54b). Also En 54a,
Ma 54b.

Yield of 0.84- and 1.01-Mev v rays from inelastic
proton scattering measured in E,=1.40-2.77-Mev re-
gion (Pa 54, Br 57a). Resonances under Si%®. A Py(cosf)
term observed in angular distribution of 1.01-Mev vy
ray, showing that spin of 1.01-Mev level is not 1/2.
This level is de-excited for 2.29, by a 0.175-Mev cascade
transition. Angular correlation of 0.175- and 0.84-Mev
v rays shows no significant deviation from isotropy
pointing to a spin J=1/2 for 0.84-Mev level (Br 57a).
An upper limit of 107 sec is found for half-life of these
v transitions from recoil techniques (Sw 56).

Angular distributions of protons scattered elastically
(En 54a, Da 54, Hi 55, Sh 56, Da 56a, Ge 56a), and
inelastically (no groups resolved (Gu 54)).

X. AlP"(d,d')A1¥

Low-resolution analysis of inelastically scattered
deuterons, En 54a.

Angular distributions for transitions to 2.21- and
2.73-Mev levels at E;=15 Mev (Ha 56c), and for
transitions to 2.21 and 2.73 levels and to doublet at
2.99 Mev at E;=9 Mev (Hi 56b). Angular momentum
transfer connected with these three transitions deter-
mined as l;=2 fixing parity of corresponding levels as
positive (Hi 56b).

Elastic scattering angular distribution at E;=14
Mev, Go 50.

XI. AP (a,a)Al¥
Elastic scattering angular distributions at E,=19 and

40 Mev, Bl 55a, Ig 56, Bl 56a. Inelastic scattering to
first two Al?” levels (unresolved) also observed (Bl 56a).

XII. Si#(BH)AI¥  See Si¥

XIII. Sit8(y,p)Al"  (Q,=—11.588

Cross section, Jo 55, Mo 53a.

No activity with a half-life in the usec or msec range
found from bombardment of natural silicon with 22-
Mev bremsstrahlung (Ve 56a).
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X1V. Si®(d,a)Al¥ (Q,=6.008

Magnetic analysis of a particles observed at 90° at
E;=1.8 and 2.0 Mev from targets enriched in Si®* con-
tent yields ground-state Q value of 5.9944-0.011 Mev
and levels in Al at 0.83740.016 and 1.0074-0.013
Mev, and possibly at 2.2140.03 and 2.7440.02 Mev
(Va 52).

XV. Si®(p,a)Al¥ Q,=—2.376
Not observed.

S
(not illustrated)

I Si¥(BHAL  Q,,=4.805

Three measurements of half-life with errors of at most
0.1 sec in rather bad agreement (4.924-0.1 sec El 41;
4.454-0.05 sec Su 53; 4.0540.10 sec Hu 54). Average
value is 4.464-0.18 sec.

The B+ end point measured by cloud chamber as-3.74
Mev (Mc40) and 3.544-0.1 Mev (Ba40), and by
scintillation spectrometer as 3.484-0.10 Mev (Bo 51),
and 3.764-0.08 Mev (Hu 54). No v rays reported. De-
cay is apparently superallowed (log fi=3.6) determin-
ing spin and parity of Si*” as 5/2+.

IT. Mg*(a,n)Si¥ Qum=—7.183
Observed, En 54a.

L A (pn)Si¥ Q= —5.588

Recent measurements of threshold are E,=5.792
+0.010 Mev (Ki 55a, superseding Ki 53) and E,=5.798
0.008 Mev (Ma 55a).

Angular distribution measured at E,=23 Mev
(Co 53b).

IV. Si%(y,n)Si¥ Qn=—17.176

Threshold determined as 16.840.4 Mev (Mc 49) and
16.940.2 Mev (Su 53). Cross section, En 54a, Ka 54,
Mo 55a. No activity in the usec or msec range observed
from bombardment of natural silicon with 22-Mev
bremsstrahlung (Ve 56a).

V. Si%(p,d)Si7” Q,=—14.951
Cross section, Se 56.

Mg?s
(not illustrated)

I Mg®(8)Al% (Q,=1.810

Mg? has been produced through Mg?(e,2p), Si®
(v,29), Si*(p,3p), and other spallation reactions, and
through Mg?8(¢,p) reaction.

Half-life, averaged from six measurements (En 54a,
Sh 54d), in good mutual agreement, 21.434-0.11 hr.
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TaBLE XIX. Gamma rays from Mg?(3)Al%,

Reference: Sh 54d Wa 53 Iw 53
Ey (Mev) Rel.int. Ey (Mev) Rel. int. Evy (Mev)
v1  0.031940.001 096 0.0322 (~0.70)
y2 0400 +0.01 0.31 0.391+0.005
vs 0949 +0.01 0.29 0.95
ve 1346 £0.01 0.70 1.35

The B~ spectrum is simple and has allowed shape
(Ma 53a, Ol 54). End point 0.4040.06 Mev (Sh 54d),
0.3 Mev (Jo 53), 0.394-0.05 Mev (Wa 53) (all measured
by Al absorption), 0.4184+0.010 Mev (Ma 53a), and
0.45940.002 Mev (Ol 54), latter two measured by
magnetic spectrometer. Log fi=4.4.

Four v rays observed by scintillation spectrometer.
Energy and intensity (in photons per disintegration) in
Table XIX. Gamma rays vz, vs, and 4 coincident with
v1, and v, with vs;. No measurable delay between v;
and s (7<2X107° sec) (Sh 54d). Accepting more
accurate <y-ray intensities in Sh 54d, conversion co-
efficient of v, can be computed from intensities as
arg=0.032+0.066, which determines the character of
v1as M1.

From v-ray energy and coincidence measurements,
B~ decay proceeds to 1.37-Mev level in Al?%) which de-
cays through 0.97- and 0.03-Mev levels. By the isobaric
spin selection rule, excluding AT=441, 0¥—0%, 8-
transitions, spin and parity of 1.37 Mev level deter-
mined as 1%, Assuming J=3* for AI*® ground state and
J=2%for 0.03-Mev level then leaves possibilities J =0%
or 2% for 0.97-Mev level to explain absence of f—-decay
to this level and observed vy-ray branching from 1.37-
Mev level.

AIZS
(Fig. 13)

I. AIB(B)Si® Q,=4.648

Half-life, averaged from three most accurate measure-
ments (En 54a, Co 56), in good mutual agreement, is
2.284-0.02 min.

The B~ spectrum is simple with allowed shape. Two
most accurate magnetic spectrometer determinations of
end point are 2.86540.010 Mev (Mo 52) and 2.878
+0.014 Mev (Ol 54). Log ft=4.9.

Each g~ particle followed by one v quantum. Best
determinations of y-ray energy are 1.7824-0.010 Mev
(magn. spectrometer, Mo 52), and 1.7694-0.010 Mev
(scint. spectrometer, Sh 54d). Also En 54a, Ma 54a,
Na 54a, Na 56a.

1. Mg®(a,p)Al®  Q,=—1.204

From enriched-target measurement at E,=8 Mev,
with proportional counter for proton detection, Q value
is —1.29 Mev. Levels in Al*8 reported at 1.00, 1.57, 2.18,
2.54, and 2.96 Mev, all 4-0.04 Mev (Gr 56d). Also
En 54a.
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1. A (ny)AS  Q,=7.723

Cross section, Hu 55c.

Twenty-nine v rays resulting from capture of thermal
neutrons in aluminum found by pair spectrometer
(Ki 51, Ki 53d), Table XX. Strong y-ray 4 represents
ground-state transition. Its great intensity is a notable
exception to rule that only E1 ground-state transitions
are intense (Ki52b). Impossible to fit other vy rays
uniquely into the complicated Al* level scheme. Lines
C, F,G, I, J, L, and all lower energy lines could be
transitions from capturing state to known Al* levels.
Lines B, B', D, E, F', G, H, K, and L cannot be ex-
plained this way but have to be transitions from level
to ground or from level to level.

From Al?(d,p)Al”® reaction (see Table XXI) the
parity of levels (17), (19), (22), (33), (35), (37), and
(41) is negative. It is possible to explain many strong
v rays (e.g., M,N,N’,0,P,Q,R, S, U, V) of Table XX
as E1 transitions to and from these levels (En 56d).

With two-crystal scintillation spectrometer, y rays
from thermal neutron capture observed with the follow-
ing energies and relative intensities (in photons per 100
captures): E,=0.9740.03 Mev (10), 2.264-0.03 Mev
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(14), ~2.5 Mev (11), ~2.8 Mev (14), and ~3.1 Mev
(17). Last three v rays not resolved (Br 56e).
Also En 54a.

IV. AP (nm)Al"  E,=7.723

Cross section, Hu 55c. Resonances at E,=35+2 kev
(T'=1.2+0.5 kev), and 9044 kev (I'=7=2 kev) have
both J=3% (Hu 55¢c, To 55a, Bl 56). In Cr 57, however,
J=2%is assigned to 35-kev resonance.

Angular distributions, Hu 55c, Hi 56a, Na 57.

V. A7(d,p)AlS  Q,,=5.498

Fifty proton groups corresponding to Al*® levels up
to E,=6.3 found by high-resolution magnetic analysis
(6=90°) at deuteron energies up to 2.1 Mev (En 51,
En 52a, En 53a). Later work with still better resolution,
at Eg=6and 7 Mev and at several angles of observation,
100 groups found in a region of excitation in Al*® up to
neutron threshold (Bu 56). Ground-state Q value is
5.49440.008 Mev (En 52a, En 53a), and 5.5024-0.010
Mev (Bu 56).

Excitation energies of Al*® levels reported in Bu 56 in
Table XXT. Corresponding Q values all have errors of
10 kev. Excitation energies might have errors ranging

- from 5 kev for lower to 10 kev for highest levels. Groups

corresponding to levels above threshold for neutron
emission of low intensity and not tabulated. Their
positions correspond approximately to apparently un-
resolved resonances in Al¥ total neutron cross section
(Hu 55¢).

Angular distributions covering the region from 5° to
60° measured at E4=6 Mev for transitions leading to
levels (0) through (41) (En 56a, En 56). About half
have stripping character, while the others are fairly
isotropic. The I, values of stripping distributions and
corresponding reduced widths in relative measure
(times (2J41)) in Table XXI. For transitions to level
(3), where 1,=2 and /,=0 contributions are mixed, the
1,=0 contribution is 129}, For levels (8) and (25) it

TaBLe XX. Gamma rays from thermal neutron capture
in aluminum (Xi 51, Ki 53d).

Intensity in Intensity in

Energy photons per Energy photons per
v ray (Mev) 100 captures vy ray (Mev) 100 captures
4 7.72440.006 35 L 5.214:0.02 3
B 7.34 +0.04 0.7 M 4.944-0.05 14
B’ 6.98 +0.04 0.7 N 4.79£0.02 9
C 6.77 +0.02 1.4 N’ 4.664-0.05 7
D 6.61 =+-0.03 0.4 N 4.454-0.02 3
E 6.50 +0.03 0.4 0 4.294-0.02 8
F 6.33 +0.02 2 P 4.160.02 6
F 6.22 +0.03 0.7 P’ 4.064-0.04 3
G 6.13 3-0.02 2 Q 3.88+0.02 8
G’ 6.01 +0.05 0.7 R 3.620.02 6
H 5.80 +0.04 1.0 S 3.464:0.02 4
I 5.78 +0.03 14 T 3.294:0.02 5
r 5.60 =0.02 3 U 3.02+40.05 15
J 5.41 4-0.03 3 v 2.844-0.03 13
K 5.32 +0.03 1.0
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is very small. Possible /,=3 admixtures to /,=1 dis-
tributions undetected because of limited angular region
of observation.

From angular distribution measurements it is reason-
ably certain that ground-state doublet has the (ds/s, s1/2)
configuration predicted by shell model. For a 3* ground
state and a 2% first level the intensity ratio of transitions
to these states should be 1.4 (assuming equal reduced
widths) while experiment (at 6.0 Mev) yields 1.95 (see
Table XXI) (En 53a, En 54, En 56).

TasBLe XXI. Levels in Al?28 from Al2'(d,p) Al28
(Bu 56, En 56a, En 56).*

@2J+1)

Level Eg X reduced Level E,
number (Mev) In width P number (Mev)
(0) 0 0 700 (50)  5.445
(1) 0.03124-0.0005 ¢ 0 360 (51) 5.525
(2) 0.973 e e (52) 5.596
?3) 1.017 2,00 600 (53)  5.746
4) 1.372 e e (54) 5.766
(5) 1.633 .o (55)  5.802
(6) 2.143 0 220 (56) 5.867
() 2.207 2 160 (57) 5.909
(8) 2.279 2,00 400  (58)  5.931
() 2.490 0 40 (59) 5.960
(10) 2.589 e (60) 5.989
(11) 2.663 2 400 (61) 6.012
(12) 2.988 o cee (62) 6.027
(13) 3.011 cee (63) 6.067
(14) 3.102 cee (64) 6.073
(15) 3.294 0 20 (65) 6.163
(16) 3.347 0 25 (66) 6.201
(17 3.461 1 320 (67)  6.247
(18) 3.537 e e (68) 6.322
(19) 3.591 1 410  (69)  6.424
(20) 3.669 0 12 (70) 6.446
(21) 3.704 0 35 (71) 6.485
(22) 3.878 1 120 (72) 6.569
(23) 3.900 e e (73) 6.591
(24) 3.935 e e (74) 6.626
(25) 4.030 2, (0) 300 (75) 6.657
(26) 4.115 (76) 6.719
(27) 4.243 0 20 (77) 6.760
(28) 4.315 2 110 (78) 6.835
(29) 4.383 e cee (79) 6.856
(30) 4.466 (80) 6.896
(31) 4.518 . (81) 6.934
(32) 4.595 e cee (82) 6.970
(33) 4.685 1 650 (83) 7,025
(34) 4.741 e cee (84) 7.090
(35) 4.767 1 500 (85) 7.121
(36) 4.845 oo oo (86) 7.149
37) 4.906 1 330 (87) 7.180
(38) 4.928 cee o (88) 7.247
(39) 4.999 (89) 7.274
(40) 5.019 oo s (90) 7.345
(41) 5.138 1 340 (91) 7.408
(42) 5.168 (92) 7.444
(43) 5.179 (93) 7.460
(44) 5.191 (94) 7.505
(45) 5.289 (95) 7.596
(46) 5.331 (96) 7.655
(47) 5.346 97) 7.669
(48) 5.377 (98) 7.700
(49) 5.405 (99) 7.731

8 Note added in proof.—Improved and extended angular distribution data
in H. A. Enge, M.I.T., Laboratory for Nuclear Science Progress Report,
November 30, 1956.

b Reduced width given in relative measure,

° Other errors, see text.
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TaBLE XXII. Rotational bands in Al28 (Sh 56a).

(Mev) 0 0.031 097 1.02 137 1.63 2.14 221 228
T 3+ 2+ Ot 3t 1+t 4+ 2t 2+ 4t

E,
7
K 3 2 0 2 1 3 1 0 2

A 31.44-1.0-kev v ray observed following A1*(d,p) A1?8
reaction at E4=0.7 Mev both by proportional counter
and by scintillation spectrometer (Sm 51a). Half-life of
first level measured with a recoil method, yielding
(2.14:0.4) X107 sec (Se 56a).

Also En 54a, Kr 54b, Fu 54, Be 55.

VI. Mg®(8)Al® See Mg?

VIIL. Si®#(n,p)Al2® Q,=—3.865
Cross section, En 54a, Co 56, Ma 56.

VIIL. Si®(y,p)Al® Q,=—12.339
Cross section, Ka 54.

IX. Si®(d,)Al® Q,,=3.122

Ground-state 0=3.120+0.010 Mev measured with
enriched targets and magnetic analysis at E;=1.8 Mev
(St 51). An o-particle group leading to 31-kev level in
Al? observed at several deuteron energies up to E4=2.0
Mev, but with insufficient resolution to determine corre-
sponding excitation energy (En 53a).

X. P(n,a)Al®  Q,=—1.945
Cross section, En 54a.

GENERAL REMARKS

Arguments for a rotational character of nine lowest
states in Al%8, Sh 56a. There are four bands (Table
XXITI) ; those with K=2 and K=3 have (ds/s, s1/2) con-
figuration, while those with K=0 and K=1 belong to
($1/2, $1/2). The 4* spin assigned in Sh 56a to 2.28-Mev
level conflicts with 2+ or 3* assignment from Al*(d,p)
Al”® angular distribution measurements. It would be
better to assign 4+ (K=2) to 2.21-Mev level and 2+
(K=0) to 2.28-Mev level.

S;j28
(Fig. 14)

I. Mg*(e,p)AlY E;=9.990 Q,,=—1.595

In experiments with thin separated Mg*F, targets
and magnetic analysis of protons, resonances observed
at E,=3.214, 3.420, 3.448, 3.502, 3.660, 3.737, and
3.827 Mev corresponding to levels in Si?® at 12.745,
12.921, 12.945, 12.992, 13.127, 13.193, and 13.270 Mev.
Same levels found in inverse reaction Al*’(p,a)Mg?,
when a Q value of 1.613-£0.010 Mev is assumed. In-
tensities of corresponding peaks in good agreement, as
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with those in Ta 46. Thirty-one y-ray resonances in
E,=0.46-2.6-Mev region in Pl 40. Fourteen are below
E,=14 Mev, their energies in fair agreement with
energies in Br 47a. Resonances at 504-, 630-,and 728-kev
decay also by « emission (Ru 53).

Spin and parity assignments (Ru54) result from
measurements of y-ray spectra, y-ray angular distribu-
tions, and a-particle yield. The 1.78-Mev level in Si*
has J=2%. At most resonances, transitions observed to
7.1- and 4.6-Mev levels, which both de-excite by cas-
cades through 1.78-Mev level (Ru 54). The 4.6-Mev
level, however, also deexcites to the Si*® ground state
with intensity about equal to that of cascade (Go 57).}
Parity of 652-kev resonance has been determined from
a y-ray polarization measurement (Hu 56).

Precision measurements of energy of prominent 991-
kev resonance yield 993.141 kev (He 49) and 990.8
+0.2 kev (Bu 56b). Width is 100 ev (Be 49) and 5030
ev (Bu 56b). From Doppler-shift measurements of 1.78-
Mev v ray, half-life of 1.78-Mev level follows as either

TaBLE XXIII. Resonances in Al27(p,y)Si?® below
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suggested by principle of detailed balancing. A weak
resonance found at E,=2.84 Mev without correspond-
ing resonance in (p,a) reaction (Ka 52). Also Al¥, for
(Q-value measurements.

TI. Mg*(a,e)Mg?* E,=9.990

Resonances in yield of elastically scattered a particles
observed, again in good agreement with many reso-
nances in the Al7(p,a) Mg and Al¥(p,p)Al* reactions,
(Ka 52). Partial-wave analysis yields following spins
and parities for compound nucleus: J =0 for resonances
at E,=2.84 and 3.00 Mev, and J=2"%for resonance at
E,=293 Mev. S-wave o-scattering resonance at
E,=3.07 Mev corresponds to S-wave proton scattering
resonance at E,=1.45 Mev. No single J value of com-
pound nucleus can explain this behavior. No (a,p) nor
(p,) transitions observed at E,=3.07 Mev. Anomaly
near E,=3.25 Mev probably is caused by two over-
lapping levels in Si?® (Ka 52).

III. Mg®(a,m)Si® Q,=2.661
En 54a.

IV. A7 (py)Si2* (Q,=11.588

Resonances up to E,=1.38 Mev in Table XXITII.
Energies of six lowest resonances in good agreement

E,=1.38 Mev.
Ep E, (Si%) Relative
(kev) (Mev) intensity d.¢ J, r
226.3+1.52 11.806 0.005
294.14+0.52 11.871 0.015
325.610.42 11.902 0.080
404.704 2 11.978 0.30 4-b
438.5+£0.52 12.011 0.050
504.0£0.6 2 12.074 2.0 2+b
609 ¢ 12.175 0.4
630° 12.195 8.2 3-b
652 ¢ 12.217 3.3 2-bf
677¢ 12.241 1.3 3tb
728¢ 12.290 3.0
733¢ 12.295 4.2
738 12.300 0.7
757 ¢ 12.318 3.8
764 ¢ 12.325 4.5
771¢ 12.331 11.5
880°¢ 12.436 0.5
918 ¢ 12.473 4.1
932 ¢ 12.487 3.9
991 &h 12.544 47.0
994 ¢ 12.547 2.0
1018 ¢ 12.570 7.2
1083 ¢ 12.632 1.5
1091 ¢ 12.640 0.8
1112¢ 12.660 13.5
1165°¢ 12.711 24
1176° 12.722 6.5
1192 ¢ 12.737 e
1205 ¢ 12.750 11.0
1255¢ 12.798 13.0
1268 ¢ 12.811 1.0 Ote
1309 ¢ 12.850 14.0
1320 12.861 10.5
1355°¢ 12.895 15.0
1372¢ 12.911 105.0
1379 ¢ 12.918 105.0

a Hu 53. b Ru 54. ¢ Br 47a (errors in¥proton energies are 0.2%, widths ot
all resonances observed are <1 kev). d Ta 46, ¢ Ka 52 (from Mg (a,a)Mg?
partial wave analysis). f Hu 56. ¢ He 49. b Bu 56b.

t Note added in proof.—Recent measurements, however, show

that no such crossover exists in decay of 4.6-Mev level (Go 57b).
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<3X107* sec or >9X 108 sec (De 56a). For y-ray
spectrum at this resonance, Ha 55. :

Resonances above E,=1.4 Mev in P140, Sh 31,
Go 54, Pa 54. Yields of hard and weak v rays, of elas-
tically and inelastically scattered protons, and of «
particles leading to ground state and first excited state
in Mg* in Sh 51 for region E,=0.6-4.1 Mev. From
published yield curves, resonance energies for 64
resonances in 1.4-4.1-Mev region computed in Al 50,
quoted in En 54a. No hard v rays from capture ob-
served above E,=1.8 Mev. Comparison of resonance
strengths (Go 53a) makes it probable that resonances
at E,=1355, 1372, and 1379 kev from Br 47a corre-
spond to resonances at 1370, 1385, and 1393 kev in
Sh 51, Al 50. Not possible at present to decide which
energy scale is better. Angular distributions of vy-ray
transitions leading to level (1) measured at 17 reso-
nances in E,=0.65-2.20-Mev region, and of ground-
state transition at 771-kev resonance (Go 57b).

Twenty-three resonances, yielding 0.84-Mev and/or
1.01-Mev v rays from inelastic scattering observed in
the E,=1.40-2.77 Mev region (Br 57a).

V. Al¥(p,n)Si¥ E,=11.588 Q,=—5.610
Broad resonances in Si*” yield observed at E,=6.17

and 6.37 Mev (Bl151). See Si?” for threshold meas-
urements.

VI (a) A" (p,p)Al"  E,=11.588
(b) A" (p0)Mg* Ey=11.588 (,=1.595

Resonances, Sh 51, Pa 54, quoted under Reaction IV.

VII. A”(dn)Si® Q,,=9.363

Determinations of excitation energies of levels in Si%,
and angular distribution measurements, Table XXIV.
Relative intensities of neutron groups, Ca 55. Compari-
son of Al*(d,p) and Al*’(d,n) angular distributions
makes it probable that 9.16-Mev level in Si*8 is lowest
T=1 state (Ca 55).

With a magnetic pair spectrometer, v rays resulting
from deuteron bombardment (E;=4.6 Mev) of an
aluminum target have these energies: E,=6.940.1,
7.4140.05, 7.584-0.05, 7.94-£0.03, 8.31-£0.03, 8.78
+0.03, 9.114-0.03, 9.49+0.07, 9.9140.07, and 10.8
+0.2 Mev. Most of these probably follow Al*(d,n)Si?
reaction, as levels in Al? above 7.72 Mev and levels in
Mg?* above 7.33 Mev, which might be reached by
(d,p) or (d,e) reaction, are unstable for neutron emis-
sion (Be 55).

VIII. AI*%(3)Si® See Al

IX. Si®(e,e)Si®
Differential cross section for elastic scattering of 187-

Mev electrons and for inelastic scattering leading to
level (1), (He 56).
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TaBLE XXIV. Neutron groups from the reaction Al*’(d,n)Si28.

Reference: Pe 49 Ru 56 Ca 55
Method of : triple ion.
detection: nucl. emuls. nucl. emuls. chamber
Eaq (Mev): 3.68 2.17 9.02
Qo (Mev) 9.08+0.20 e la=2
E, (Si%8): 1.7840.13 1.784:0.10 1,=0
in Mev 4.4740.10 4.544-0.2 ’
(4.9140.21) 4.95+0.2
6.114+0.10 6.24+0.06 1 =0
6.65+0.14 6.88+0.06 "
(7.100.12) 7.394-0.06 e
(7.55+0.12) 7.8940.06 1,=0
8.18+0.10 8.31£0.10 In=0
8.57+0.08
9.1640.17 9.3740.04 1,=0
10.00+0.10
10.2540.06 1,=0

X. Si?(n,n'y)Si®

Gamma rays of 1.29, 1.784-0.02, and 2.19 Mev ob-
served from inelastic neutron scattering (E,=0.35-3.9
Mev) on natural silicon (Da 56). They have to be

assigned to deexcitation of first levels in Si®, Si?, and
Si%, respectively. A 1.7824-0.02-Mev v ray, Ro 55a.

XI. Si8(p,p’)Size

From magnetic analysis at E,=5.6 and 8.4 Mev,
first Si®® level observed at 1.777240.010 Mev (Br 54b).
At E,=15.3 Mev, a level at 4.64-0.3 Mev found by
low-resolution magnetic deflection, Fu 48.

At E,=12 Mev, angular distribution of proton group
leading to level (1), Co 55.

Resonances in yield of 1.78 Mev v ray, P*.

XII. P%(B+)Si*® See P28

XITL. Si®(y,7)Si® Q= —8.474

Threshold is 8.45+0.20 Mev (Sh 51a). Cross section,
Ka 54.

XIV. P (p,0)Si® Q,,=1.920

Ground-state Q by magnetic analysis=1.85--0.02
Mev (Fr 51), 1.909:20.010 Mev (Va 52a), 1.9114-0.005
Mev (Va 56), and 1.909-£0.010 Mev (En 57b). Levels
in Si*® observed at 1.7714-0.010 and 4.61740.010 Mev
(En 57b). Resonances, $%.

P28

(not illustrated)

I PB(gHSi® Q,=13.8

Half-life, averaged from two measurements (Gl 55,
Br 54a) in good mutual agreement, is 0.285--0.007 sec.
The p* decay quite complicated. Highest energy
branch proceeds to 1.78-Mev Si?® level with end point
0f.10.6-0.4 Mev, intensity 47=4-159%,. Observed gamma
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TaBLE XXV. Gamma rays in decay of P2.

Reference: G155 Br S4a
Evy (Mev) Rel. int. Evy (Mev)
1.79+0.02 0.75 1.7840.04

(2.6 +0.2) 2.67+0.08
(3.010.07)
(4.26+0.12)
4.44+0.05 0.10 4.63+0.10
(4.93+0.08) 4.89£0.09
(5.1640.12)
(5.46+0.10)
6.144+0.10 0.10
6.70+0.12 0.10 6.65+£0.11
7.04+0.08 0.10 7.10+£0.12
7.59+0.15 0.05 (7.444-0.14)
(7.73+0.14)
(8.1240.21)

rays in Table XXV. No delayed a particles observed
(Gl 55).

Most of observed high-energy v rays cannot be fitted
uniquely into Si?® level scheme. A natural explanation
of the 7.59-Mev v ray, Gl 55, assumes part of the g+
decay proceeds to 9.3-Mev level which is de-excited
through 1.78-Mev level. Superallowed character of such
a 3% transition (log ft=3.4-3.7) would be in accordance
with assignment of T=1 to 9.3-Mev level (Bo 55,
Wi 56a). :

Log ft=4.9 for main B+ transition to 1.78-Mev level,
equal to that of Al*® 8~ decay to same level. This is
another proof of charge symmetry of nuclear forces
(Gl 55).

II. Si#(p,n)P?%® Q,=—14.6
Threshold for P? yield measured as E,=15.640.3
Mev (Gl 55) and 15.4+0.5 Mev (Br 54a).

Al2°
(not illustrated)

I. A®(B)Si® Q,=3.98

Measurements of half-life yield an average of
6.5240.05 min (En 54a).

The B~ decay proceeds to first and third excited
states of Si* (at E,=1.28 and 2.43 Mev) which are

de-excited by v transitions to ground state. No 2.03-Mev

v ray of intensity >49, observed; no evidence found
for cascade de-excitation of 2.43-Mev level through that
at 1.28 Mev (Ro 55, Br 56). Energies and relative in-
tensities of 8~ and v rays Table XXVI. Also Br 57.

TaBLE XXVI. The AI?*(87)Si?® decay.

Author ~ Method Eg, (Mev) Eg, (Mev) E, (Mev) E,, (Mev)
Me 37 Al abs 2.75

Be 39 cl, ch. 2.5

Se 49 Al abs 2.5 (70%) 1.4 (30%) 1.25::0.02 2.3540.5
Na 54b  scint. sp 1.55+0.1 1.31+0.05 2.42 4-0.05
Ro 55 scint. sp 1.28 (85%) 2.43 (15%)
Br 56 scint. sp 1.28 (94%,) 2.43 (6%)

ENDT AND C. M.

BRAAMS

Log ft values for transitions to 1.28-, 2.03-, and 2.43-
Mev levels are <5.2, >6.5, and 5.2, respectively
(Br 57).

Also Na 54a.

II. Mg®(a,p)Al® Q,=—3.19

With 8-Mev cyclotron « particles and detection of
protons with a proportional counter, ground-state Q
value is —2.90 Mev; a probable level at 1.69+0.04 Mev
(Gr 56d). Also En 54a, Br 56b.

III. A"(¢,p)A1® (Q,,=8.38
Observed (En 54a).

IV. Si®(n,p)Al® Qn,=—3.20
Cross section, En 54a.

V. Si®(y,p)Al® Q,,=—13.81
Cross section, Ka 54, En 54a.

Si29
(Fig. 15)

I. Mg*(e,n)Si® Q,=0.017
En 54a, Na-53a, Br 55b.

II. Mg¥(a,p)Al2 E,=11.135 Q,=—1.204
En 54a, Na 53a.

IIL. S8(ny)Si® Q.=8.474

Thermal-neutron capture cross section of natural
silicon is 130430 mb; isotopic cross sections of Si*,
Si®, and Si® are 80230, 270490, and 4004400 mb,
and their abundances 92.27, 4.68, and 3.05%, respec-
tively, so approximately 739, of the thermal-neutron
captures in natural silicon should occur in Si?® (Hu 55c).

Energies and intensities of v rays from capture of
thermal neutrons in natural silicon in Table XXVIIL.
Assignment of most v transitions based on comparison
of v energy with binding energies and excitation
energies in Si®) Si% and Si®! as measured by magnetic
analysis of (d,p) reactions. The v spectrum of the
Si?8(n,y)Si® reaction dominated by two cascades via
levels at 4.93 and 6.38 Mev; see General Remarks.

1V. Si®%(n,n)Si® E,=8.474

Si?8(n,n')Si2® E,=8.474
Total neutron cross section of natural silicon, Hu 55c.
Resonances at E,=195 and 570 kev are assigned to Si?®
and have J=1/2t and 3/2-, respectively (Fi51,
Hu 55c). See Da 56 for inelastic-scattering resonances.

V. Si®(d,p)Si® Qn=06.249

Thirteen proton groups found by magnetic analysis
at §=90° and E, up to 2.1 Mev (En 5la, Va §2). Q
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TaBLE XXVII. Gamma rays from thermal neutron capture in natural silicon.

Reference: Ki 51, Ki 53¢ Ad 56a Br 56e Final nucleus
Method: Pair spectrometer Compton el. spectr. Scint. spectr. and probable
Line Ey (Mev) Intensity » Evy (Mev) Intensity 2 Ey (Mev) Intensity & transition

A 10.599-+0.011 0.4) 10.59 +0.03 (0.2) Si®  (¢)—(0)

B 8.467+0.008 (2v) 8.482+0.015 (1.6) Si®  (¢)—(0)

C 7.79 =£0.05 (1)

D 7.36 +£0.08 (2) (7.38 +0.03) 0.5) (Si*)

E 7.18 +0.03 8b 7.22 +0.03 (6.1) Si%® (¢)—(1)

E' 6.88 +0.03 0.7)

F 6.76 +0.04 4 6.7584-0.020 (1.4) (Si%)

G 6.40 +0.03 (11b) 6.354-£0.015 9.2) Si® (12)—(0)

H 6.11 +0.05 (4) 6.04 +0.05 1) (Si®)

r 5.70 +0.04 (2)

I 5.52 +0.05 2)

I 5.24 +0.03 (0.8)

J 5.11 +0.04 (8b) 5.118+0.015 (2.3) (Si®)

K 4.933-0.005 (75b) 4.930+0.010 (37.4) Si® (9)—(0)

K’ 4.60 +0.08 4

L 4.20 £0.03 (19) (4.30 +0.05) (2)

L 3.976-0.020 4.2) (Si®)

L 3.8 (3) (Si%)

" 3.66740.020 (3.2)

M 3.540=0.006 (60v) 3.54740.010 (36.5) 3.6 +0.06 (49) Si® - (c)—(9)

N 2.69 +0.05 (65) 2.65+0.03 (11)

0 2.10 +0.01 (12.8) 2.13£0.03 (19) S (0)—(12)

P 1.95 +0.02 (3.4)

0 17 &) (sim)

R 1.5 3) (Si%)

K 1.28 +£0.01 (16) 1.26-0.03 (14) S (1)—(0)

a Intensity in photons per 100 captures in natural silicon.
b Intensity in photons per 100 captures in Si?8; see Ki 54a.

values and excitation energies in Table XXVIII agree
with values obtained by absorption measurements at
E;=3.7 Mev (Mo 50). Excellent agreement between
levels found here and from P%(d,x)Si® (Table XXIX).

Angular distributions of most prominent proton
groups measured at Eq=28.2 Mev; angular momenta of
capture neutrons, from stripping theory, in Table
XXVIII; these I, values and neutron capture prob-
abilities discussed on basis of shell model (Ho 53a,
Ho 53d). Assignment of /,=0 to ground state was con-
firmed by measurements at E;=9 Mev (Ca 56a).
Polarization of protons leading to p states at 4.93 and
6.38 Mev measured (Ju 56).

TaBLE XXVIII. Energy levels in Si?? from Si?8(d,p)Si2.

Measurements and discussion of reduced widths for
Si?%(d,p)Si® and Si*®(d,n)P¥ ground-state transitions,
Fu 54, Ca 56a.. '

Levels at 1.28, 2.03, 2.43, 3.07, 4.93, and 6.38 Mev
all decay by v transitions directly to ground state
(Al 49b, Th 54, Ro 55).

Angular correlation of protons and gammas corre-
sponding to 1.28-Mev level differs from that predicted
by simple stripping theory (Al 56a).

VI. AI®(37)Si® See Al®

VIL Si®(n,n'v)Si2®

The 1.28-Mev level is excited by inelastic scattering
of neutrons with energies up to 3.9 Mev (Da 56).

VIIL. Si®(p,p'y)Si®

Angular distributions of 2.03-Mev v ray measured at
E,=2.798 and 2.934 Mev. Presence of P4 terms indi-

TaBLE XXIX. P%(d,a)Si* reaction (En Sla, Va 52a),

Author: Va 52 Ho 53d
Eq (Mev): 1.8-2.1 8.2
Method: magnetic analysis Al absorption
Qo (Mev): 6.246 +-0.010
E; (Mev) In
0 0
1.278+0.007 2
2.0274-0.007 2
2.426-+0.007 isotropic
3.0704-0.007
3.6234-0.007 3
4.078-0.008
4.840+-0.008
4.897-4-0.008
4.9344-0.008 1
5.9464-0.009
6.1054-0.009
6.380+0.009 1

Group Q value (Mev) Si2? level (Mev)
4 8.158-+0.011 0
B 6.8854-0.020 1.274+0.010
c 6.126+0.020 2.0324:0.014
D 5.72740.020 2.4314-0.015
E 5.0862-0.020 3.07240.016
F 4.539+0.020 3.6190.017
G 4.080=0.020 4.07840.018
H 3.221+0.020 4.937+40.020
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cates that 2.03-Mev level has J=5/2*+. From coinci-
dence measurements, this level decays for about 0.5%,
via a cascade through 1.28-Mev level. Angular distribu-
tions of 1.28-Mev v ray at E,=2.798 and 2.922 Mev
are consistent with assignment of 3/2% to 1.28-Mev
level (Br 56, Br 57).

IX. PP(BH)Si® See P®

X. Si(y,m)Si®  Qn=—10.609
Cross sections, Ka 54.

XI. P*(d,0)Si® Qn=38.169

Eight a-particle groups (Table XXIX) found by high-
resolution magnetic analysis at §=90° and E;=1.8
Mev (En 51a). Ground-state Q value given as 8.170
+0.020 Mev later remeasured as 8.158+0.011 Mev
(Va 52a). Excitation energies of Si® levels in Table
XXIX corrected accordingly. Also Be 55.

XII. S%(n,a)Si® Qn=1.553
En 54a, Hu 55a.

P. M. ENDT AND C. M. BRAAMS

GENERAL REMARKS

The p states at 4.93 and 6.38 Mev are strongly ex-
cited, both in Si*(d,$)Si* and in Si?*(n,y)Si® reactions;
these may be single-particle ps/2 and pi/2 states pre-
dicted by shell model. Ground state and 1.28- and 3.62-
Mev levels may be regarded as si/s, d3/s, and f72 states
(Ho 53d, Ki 54a).

Spin of ground state of Si® is 1/2+ (Ra 53, Wh(53,
Wi 54, Og 54). Assignment of 3/2%, 5/2, and 3/2% to
the levels at 1.28, 2.03, and 2.43 Mev, respectively, of
1/2* to P® (0) and 5/2% to Al® (0) in agreement with
observed log ft values, (d,p) and (p,p"y) angular dis-
tributions, and v branching ratios.

Application of strong-coupling collective model to
low levels of Si%, Br 57c.

P29
(Fig. 16)

L P2(BHS®  Q,=4.967

Half-life is 4.64-0.2 sec (Wh 41) and 4.454-0.05 sec
(Ro 55).

The B+ end point by magnetic spectrometer is 3.945
+0.005 Mev, yielding log ft=3.723+0.007 (Ro 55).
Gamma rays of 1.28 and 2.43 Mev in coincidence with
positrons observed ; branching ratios, log f¢ values, and
proposed classifications in Table XXX. Spins and
parities of Si® levels, see Si*, general remarks. Theo-
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TaBLE XXX. The P2(8%)Si?® decay (Ro 55).

Si29 level (Mev) Branching ratio %, Log ft
+0.26
2.43 0'24—0.08 4.5
2.03 <0.15 >5.2
1.28 0.8040.20 5.0
0 98.8 +0.4 3.72
TABLE XXXIT. Resonances in Si28+p.
Ep (lab) E; (P%)
(Mev) (Mev) Decay # T (kev)
(0.703) b (3.40) I
(0.944) b (3.64) v
(0.989) b (3.68) e
1.65¢ 4.30 Po e 'yo" 50.5¢
2.09 ¢ 4:74 ﬁo e Yo e 121
2271 4.92 pif <4f
2.6414 5.27 p1d
29e 5.5 bo® broad ¢
311 5.72 Do® prof 12¢
3.35¢ 5.96 poe pr© 11e
3.58 ¢ 6.18 pre 70¢
3.71¢ 6.30 2% 40°¢
3.884 6.47 14
3.93d 6.52 prd
3.974 6.56 prd
4.25¢ 6.83 p1e 22¢
4.44¢ 7.01 p1° ~100 ¢ (double?)
7.25¢ p1®
744¢ P
4934 7.48 p1d

a Symbols po, p1, v, and vo refer to elastic proton scattering, inelastic
scattering leading to Si2 (1), proton capture, and proton capture with a
strong ground-state v transition, respectively.

b Se 55. ¢ Co 55a. 4 Wi 56. e Vo 57. f Ne 57.

retical discussion of B*- and y-transition probabilities,
Go 56b.

L. (a) Si®(p,y)P®  E,=2.724
(b) Siz8(p,p'y)Si?#* E,=2.724 E,=1.78

With natural silicon, resonances in yield of v rays
observed for proton energies below 1.2 Mev (Se 55);
most of these can be assigned to Si® or Si®; assignment
of resonances at 703, 944, and 989 kev uncertain. Reso-
nances at E,=1.63 and 2.08 Mev assigned to Si®
(p,y)P®. First of these has I'=50.5 kev, I',=1.73 ev,
J=3/2~, and the main v transition goes directly to
ground state. Reduced width indicates this is ps/, single
particle state (Ne 57).

Yield of 1.78-Mev v rays from Si?8(p,p’y)Si?8 reaction
shows several resonances, Table XXXI. Resonance at
E,=4.44 Mev is possibly a doublet (Co 55a).

TII. Si8(dn)P®  (Q,=0.499

Ground-state Q values: —0.803:0.10 Mev (Pe 48),
0.294-0.04 Mev (Ma 52), and 0.64-0.1 Mev (Ca 57).

Angular distribution measurements at E;=9 Mev
yield a 7,=0 assignment for ground-state transitions.
Levels in P® at 1.30 Mev (/,=2), 1.92 Mev (!,=2), and
3.5 Mev (Ca 57), while additional levels at E;=2.5
and 2.9 Mev in Gr 55f. Also Ca 56a.

TO 20 711

IV. Si®(p,m)P?® Q,,=—5.750
Observed (En 54a, Ty 54).

V. S2(p,a)P® Q,=—4.197

Not observed.
Sj30

(Fig. 17)
I. Mg*(e,p)Al® E3=10.626 Q,=-—3.18

Resonances, En 54a.

II. Al¥(e,p)Si* Q.=2.376

Investigations with o particles from radioactive
sources, En 54a.

Nuclear emulsion work at E,=8 Mev yields Q=2.38
#+0.03 Mev, and levels in Si* at E,=2.2340.02,
3.5240.02, 3.804-0.04, 4.83+0.02, 5.28-40.02, 5.52
+0.03, 5.944-0.04, 6.5240.03, 7.10=0.03, and 7.38
+0.05 Mev. No levels at 5.07 and 5.62 Mev (Ha 56e).
Angular distributions at E,=8 Mev (Vo 56). At E,=22
Mev, levels found from Al absorption at 5.61, 7.35,
8.37,9.43, 10.04, and 11.03 Mev (Br 49).

Energies of v rays in coincidence with selected proton
groups measured by scintillation spectrometer at
E,=7.8 Mev. A 2.3240.05-Mev v ray, de-exciting first
excited state, and a 3.63+0.15-Mev v ray, representing
unresolved ground-state transitions from second and
third excited states. The 5.07-Mev level is de-excited
through third level with y rays of 1.2840.06 and
3.66=£0.15 Mev, and for less than 159, through first
level (Al 55). Also La 51, Be 48, Br 55b.

TIL. Si®(n,7)Si® Q,=10.609

Cross section, Hu 55c.
Energy of v ray corresponding to ground-state transi-

10.626 "
Mgzs* o

8.384
Sf9+d-p

4.264_ &
0
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TaBLE XXXII. The Si?*(d,p)Si® reaction.

Q value (Va 52) Si30 level (Va 52) Si30 level (Mo 50)
in Mev i i

in Mev in Mev

8.388+-0.013 0 0
6.1492:0.015 2.239-:0.020 (24 +0.2)
4.873-£0.009 3.515+0.016
4.602+£0.015 3.786-0.020 3.914+0.15

(5.07540.015) 5.000.15

(5.4974:0.015)

(5.622+0.015) 5.7 0.2

tion after capture of thermal neutrons in Si® by pair
spectrometer is 10.59940.011 Mev (Table XXVII).
Transition energy obtained by adding 2 kev, nuclear
recoil energy, to v energy (Ki 53c). Same v ray reported
in Ad 56a (Table XXVII). It is uncertain which of the
other v rays given in Ad 56a should be assigned to
Si®(n,y) reaction.

IV. Si®(d,p)Si® Q,,=8.384

Several proton groups from enriched Si® targets
found by high-resolution magnetic analysis (§=90°) at
deuteron energies up to 2.1 Mev (Va 52). Q values and
corresponding Si* levels in Table XXXTTI together with
Si® levels obtained by Al absorption at Eq=3.7 Mev
from enriched targets (Mo 50).

V. Sit0(1,n'y)Si

Yield of 2.19-Mev v ray from natural Si targets
measured up to E,=3.9 Mev (Da 56).

VI. PY(BH)Si*®  See P®

VIL Po(y,p)Si® (Qp=—17.292
Not observed.

VIIL. S%(n,2)Si® Q,=3.516
Not observed.
P30
(Fig. 18)

I PO(BHSE  Q,=4.264

Most accurate half-life measurement yields 2.55
+0.02 min (Ko 54a). Other recent determinations
(Ba 52a, St 53b, Gr 56) with larger errors are in good
agreement with this value, while older measurements
(En 54a) scatter appreciably.

Best determination of B+ end point by magnetic
spectrometer is 3.242£0.04 Mev (Gr 56), in good agree-
ment with values of 3.314-0.07 Mev obtained by scintil-
lation spectrometer (Hu 54a), and of 3.23+£0.07 Mev
by Al absorption (Ko 54a). Older less accurate meas-
urements, En 54a. Log fi=4.84.

Although absence of v rays in P® decay is reported
in St 53b, Ko 54a, and Gr 56, a 2.24-Mev v ray recently
observed with 0.59, intensity (Mo 56d). Log ft=4.9.

P. M. ENDT AND C. M. BRAAMS

This uniquely fixes P ground-state spin as 1%, if spin
of Si* first level is 2.

II. A" (a@m)P® Q,=—2.671

Threshold reported as E,=3.409 Mev corresponding
to a Q value of —2.969 Mev (Bu 56¢). This leads to a
P mass about 300 kev higher than value from other
reactions. Also En 54a.

III. Si*(Hed,p)P¥® Q,,=6.318
Observed, En 54a.

IV. S®(p)P*  Q,,=5.562

Resonance energies and corresponding P% excitation
energies, resonance strengths, and assignments of spins,
parities, and isobaric spins in Table XXXIII. The
y-ray energies measured at four lowest resonances lead
to Q value of 5.574£0.03 Mev (Va 57). From relative
y-ray intensities reported in Br 56h, Va 57, branching
ratios can be computed for resonance levels and several
lower P¥® levels, Fig. 18. Excitation energy of first P
level, which is strongly excited at the 414-kev resonance,
is measured by scintillation spectrometer as 688-£7 kev
(En 54b), and as 690410 kev (Br 56a). The T=1
analog of Si*® ground state is expected at about this
position (Mo 54, Wi 56a). Isotropy of 690-kev v ray,
together with anisotropy of y-ray feeding level (1) at
414-kev resonance, presents a strong argument for a

£ E
&) 1 6.318

1 SR HS-p
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588 T
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10| 4|4 35299:3 l9|684.5
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TaBLE XXXIII. Resonances in Si2?(p,v)P%,

Eyp E; (P¥) (2J+41)Tply/(Tp+T)

in kev in Mev in ev J,w,Ts
326 2be 5.877 0.05f J=2-,T=1
414 abod 5.962 0.23 J=1-,T=0
693 b.od 6.232 0.11e (7 negative), T=1
729 bod 6.267 0.11e J=(37),T=0
9164 6.447 :
956 %d 6.486

& Ta 46, » K1 55a. ¢ Mi 55. d Br 56i. ® Br 56h. {Va §7, € All J, x, and T
assignments, partly from intensity considerations (Br 56h), and partly
from angular distribution measurements (Br 56a, Va 57) are preliminary.

J=0% assignment to level (1) (Br 56a). Recently ob-
served that level (1) is a close doublet. At 414- and 723-
kev resonances, lowest energy v ray is measured as
6864 and 68646 kev, respectively. At 326- and 696-
kev resonances, however, the y-ray energy is distinctly
higher, 7033-6 and 705+5 kev. Angular distribution
of this v ray, measured at 326-kev resonance, is ani-
sotropic (Va 57). Both levels also observed from
S%2(d,)P® reaction (Reaction XI). A preliminary spin
assignment to 0.71-Mev T'=0 level is J=1% (Va 57).

At least the four lowest resonances seem to decay al-
most exclusively to either T'=0 to T=1 levels, pointing
to negative parity of the resonance levels and operation
of E1 isobaric spin selection rule. Remarkable is also
strong E2 transition between the lowest two T'=1
levels.

V. S®(p,p'7)Si®  Eu=5.562

In E,=2.5-3.0-Mev region, resonances in yield of a
1.28-Mev v ray observed at E,=2.614, 2.678, 2.700,
2.720, 2.760, 2.798, 2.843, 2.876, 2.922, 2.934, 2.958,
2.982, and 2.995 Mev. A 2.03-Mev v ray also observed
at 2.678-, 2.700-, 2.798-, 2.876-, 2.934-, and 2.958-Mev
resonances. A 2.43-Mev v ray only appears weakly at
2.982-Mev resonance (Br 57). For y-ray angular dis-
tributions, Si%.

VI. Si®(dn)P® Q,,=3.337

By nuclear emulsion technique, ground-state 0=3.27
=+0.04 Mev, and levels found at 0.753-0.06, 1.46-0.06,
and 2.003-0.06 Mev by bombarding enriched silicon
targets at E;=14 Mev (Ma 52). A ground-state Q
value of 3.3840.17 Mev and a level at 1.274-0.48 Mev
by bombarding natural silicon targets at Eq=3.7 Mev
(Pe 58).

VIL Si®(p,n)P® (Q,,=—>5.047
Observed, En 54a.

VIIL. P3(y,n)P® (Q,=—12.339

Threshold is 12.354-0.2 Mev (Mo 49), 12.44-0.2
Mev (Ka 51a), 12.05:£0.20 Mev (Sh 51a), and 12.33
+0.05 Mev (Sc 55a). Cross section, En 54a, Na 54.
Sharp bends in P% yield curve, not corresponding to
known levels in P®, observed at 12.584-0.07, 12.75

713

=4-0.08, 12.90+£0.08, 13.1840.10, and 13.384-0.10 Mev
(Ba 55).

IX. S2(y,d)P® (Q,=—18.955

Threshold reported at 19.15+0.20 Mev (Ka 51a).
Yield measurements, En 54a, Ri 55.

X. S2(nt)P®  Q,=—12.697
Observed, En 54a.

XI. $%2(d,a)P® (Q,=4.890

Magnetic analysis at Eq=6.0 and 6.5 Mev and at
angles of 90° and 130°, ground-state Q value=4.887
+0.010 Mev, while levels in P* observed at 0.680
40.010, 0.708+-0.008, 1.451, 1.972, 2.538, 2.723, 2.839,
2.937, 3.018, 3.734, 3.836, 3.926, 4.141, 4.181, 4.230,
4.296, 4.342, 4421, 4.501, 4.625, 4.734, 4.929, 5.024,
5.200, (5.233), 5.412, 5.504, 5.598, 5.700, and 5.790, all
#+0.010 Mev. Levels above 4.30 Mev not indicated
in Fig. 18. States at 0.680, 2.937, 4.181, and 4.501
Mev regarded as T'=1 levels because of low inten-
sity of corresponding groups. They are analogs of Si*
ground state and Si® levels at 2.24, 3.51, and 3.79 Mev
(Pa 57). A ground-state Q value of 4.8314-0.013 Mev,
in bad agreement with the value quoted, also reported,
in addition to a-particle groups corresponding to levels
at 0.693, 1.440, and 1.97 Mev (Le 56b).

XIL. S$%(pa)P® Qn=—1.531

Not observed.
Sjdt

(Fig. 19)

L S )P (Q,=1.481

Half-life, averaged from five determinations (En 54a)
in good mutual agreement, 157.240.4 min.
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The B~ spectrum is simple and has allowed shape.
End point measured by lens spectrometer as 1.471
+0.008 Mev (Mo 52a) and 1.486+0.012 Mev (Wa 52,
Wa 53a). Log ft=5.5. A 1.26-Mev v ray of intensity
0.079, detected by scintillation spectrometer. Corre-
sponding 3~ transition is allowed (log fi=35.6) (Ly 54).

Theoretical remarks concerning Si®! decay, Go 56b.

II. Si*(n,y)Sit Q,=6.594
Cross section, Hu 55c.

IIL. Si(d,p)SP  Q=4.369

By magnetic analysis at deuteron energies up to 2.1
Mev, ground-state Q value=4.364-4-0.007 Mev, and
levels in Si®' found at 0.75740.007, 1.6994-0.007,
2.3194-0.008, 2.7914-0.008, 3.140=+0.008, 3.539=4-0.008,
and 4.38440.008 Mev (Va 52). Also En 54a.

IV. P (n,p)Si®  Q,=—0.698

By measuring pulse height from a P,0; gas-filled
ionization chamber bombarded by D(d,n) neutrons,
ground-state Q value=—0.972+£0.13 Mev and a level
in Si*' at 0.7 Mev (Me 48). Cross section, En 54a.
Resonances under P%,

V. $%(n,0)Si* Qn=—1.309
Cross section, En 54a. LAl

Pp3
(Figs. 20 and 21)
1. (a) Al (a,n)P®  E;=9.668 Q,=—2.722
(b) Al¥"(a,p)Si® E;=9.668 Q,,=2.376

Thick target resonances observed with radioactive
a-particle sources, En 54a.

I Si%(a,p)P"  Qn=—1.920

From bombardment of natural silicon with Th(B4-C)
a particles, three proton groups are observed correspond-
ing to ground-state Q value of —2.23 Mev and levels
in P3 at 1.05 and 1.69 Mev (Ha 35, Li 37). From 7-Mev

TABLE XXXIV. Resonances in the Si%(p,y)P3 reaction.

Ep E (P%) 2J+1)Try

(kev) (Mev) (ev) J,
500 2 7.776 0.202  0.06° 3/2+ab
6252 7.897 1.92a 1.8b 1/2 b
6752 7.945 0.087= 0.06> 3/2+ab
7602 8.028 0.17=  0.08%
7752 8.042 093> 1.0P 3/2+ab
8402 8.105 0.192 2 3/2,5/2)*=
9552 8.216
980 8.241
9952 8.255

1000 = 8.260

a Br 56i.

b Ho §7,

P. M. ENDT AND C. M. BRAAMS

cyclotron a particles on natural silicon, a vy ray is found
of 2.3+40.3 Mev as measured by absorption (Al 48).

TIL SP(py)P"  (Qn=17.292

Resonances observed, corresponding P3 excitation
energies, resonance strengths, and resonance spins and
parities deduced from vy-ray angular distribution meas-
urements (Br 56i) in Table XXXIV. Proton energies
at five lower resonances in fair agreement with K1 55a.
Also Se55. A resonance reported at E,=367 kev
(Ta 46) not observed in later work (Kl 552). Twenty-
five resonances reported in the 1.7-2.3-Mev region.
Those at E,=1.73 and 1.82 Mev have J=3/2+ (Pa 56).

Gamma-ray intensities at five lower resonances in
En 56b, Ho 57. Corresponding branching percentages
in Fig. 21. Branching percentages indicated for 3.414-,
4.188-, 4.430-, 5.012-, 6.22-, 6.43-, and 6.55-Mev levels
and for resonances at E,=2840, 980, and 1000 kev from
Br 56i.

Gamma-ray angular distributions (Br 56i, En 56b),
and -y angular correlation measurements (Pa 56,
Li57) in agreement with a J=1/2% assignment to P%

Ep

826 1.00.
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ground state, and indicate J=3/2% for level (1) and
very probably J=5/2+ for level (2). The latter level
decays for at least 979, by an E2 transition to ground
state (LiS7), in remarkable analogy with Si®. Collec-
tive motion might be responsible for these anomalies.

Positive parities assigned to resonance levels in Table
XXXIV found from y-ray angular distribution meas-
urements which can only be explained through mixing
of M1 and E2 radiation.

IV. SP(d)P%  Q,,=5.067

From natural silicon bombardments at Eq=3.7 Mev
and with nuclear emulsion technique for neutron detec-
tion, Q values are found of 4.5620.14, 4.1240.16,

3.5740.15, and 2.784-0.16 Mev (Pe 48). With enriched
Si% targets and nuclear emulsions, at Eg=1.4 Mev
Q values have been measured of 4.92, 4.59, 3.73, 2.70,
and 1.51 Mev, all +0.04 Mev (Ma 52). Averaging
these results (and assuming that in the earlier data
ground-state transition has been missed) following exci-
tation energies in P% are obtained: 0.4, (0.9), 1.4, 2.3,
and 3.4 Mev.

V. S8 )P See Si

VI. P¥(n,n'y)P%

No v rays observed at E,=1.2 Mev (Va 56a). At
E,=2.45 Mev, a v ray of 1.254-0.03 Mev is reported
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TaBLE XXXV. Levels in P3 found from P3(p,p") P

En 57a Va 56, Va 57c, Va 57a
7.04 3.72 and 4.66
90° and 130° 90°

1.267 1.264+4-0.004
2.234 2.230-£0.005
3.133 3.134-+0.006
3.293 3.2924-0.005
3.414
3.505
4.188
4.257
4.430
4.590
4.633
4.784
5.012
all 4-0.005

Reference:
Incident proton energy (Mev):
Angle:

Level in P31 (Mev) :

(Cr 56a). At E,=3.5 Mev, an intense v ray is found of
1.2440.05 Mev, and weak v rays of 1.0-0.05, 1.60
+0.07, 1.754-0.08, and 2.0540.18 Mev (Sc 54d).

VIL. P¥(p,p")P*

Levels found from this reaction by magnetic analysis
at E,=7.04 Mev (En 57a), and at 4.65 Mev (Va 56,

Va 57a, Va 57¢) in Table XXXV.
In region E,=2.3-3.36 Mev, twenty-one resonances
observed yielding a 1.2620.015-Mev v ray (Ol 55).

VIII. S*(8H)P% See S*

IX. S2(y,p)P" Q.=—8.841
Cross section, Jo 55, Ri 55, Mo 55a.

X. S®(d,)P* (Q,=8.583
Not observed.

XI. S*(p,)P* Qn,=—0.611
Not observed.

GENERAL REMARKS

Theoretical remarks concerning P* ground-state con-
figuration, Hu 55b, Go 56b.

S31
(Fig. 22)

I S$*(BHP* Qn=>545

Half-life averaged from two accurate post-war de-
terminations (Ha 52a, Hu 54) is 2.623-0.09 sec. The
Bt end point determined with cloud chambers as 3.85
4+0.07 Mev (Wh41) and 3.87240.15 Mev (El41),
and with a scintillation spectrometer as 4.5040.10
Mev (Hu 54). Log ft=3.7, indicating a superallowed
transition. Hence, S* has J=1/2%.

P. M. ENDT AND C. M.

BRAAMS
17.8
15
6.20
4.60
3.29
223
113
Thresh
s 150
P4
-6.23
31
-71% P +p-n
——-——s‘zs -1507
i +0(=n 532+X_n
Fic. 22.

II. Si®(a,n)S* Qn=-—7.15
Observed (En 54a).

IIL P (pm)S"  Qn=—6.23

With nuclear emulsions at E,=17.5 Mev, the Q
value=—6.0340.2 Mev and levels in S% observed at
1.1340.2, 2.23:0.15, 3.294-0.15, 4.60=:0.15, and 6.20
+0.2 Mev (Ru 55). Agreement with level scheme of
P8 mirror nucleus is as good as can be expected taking
into account relatively low resolution of neutron energy
measurement.

IV. S%(y,m)S* Q,=—15.07

Threshold measured as 15.040.3 Mev (Be 47a),
14.840.4 Mev (Mc 49), and 15.0£0.1 Mev (Ha 52a).
Cross section, En 54a, Mo 55a.

Si®
(not illustrated)

1. Si%2()P* (Q,=0.10

Radioactive Si® produced from reaction CI¥(p,a2p)
Si® at E,=340 Mev. From measured activity and esti-
mated reaction cross section, a half-life is calculated
between 100 and 710 years. The 8~ spectrum end point
is ~100 kev. There are no v rays (Li 53a). Also Li 53.
Also produced from neutron capture in Si*! in a high-

flux reactor. From yield, half-life (in years) computed
as 600 times the cross section (in barns) (Tu 54).
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P32
(Fig. 23)

I. P2(g)S®2 (Q,=1.704

Six determinations (En 54a) of half-life yield average
value of 14.324-0.03 days.

Determinations of 3~ end point by magnetic spectrom-
eter in Table XXXVI. Average is 1.708020.0026 Mev.
Spectrum has allowed shape. Coefficient » <0.03 mc?
in a possible Fierz correction (1+47/W)* to Kurie
plot (Po56). No discrete v rays observed (La 54,
Go 54b). Log ft=17.9, very large for an allowed transi-
tion but this can be explained by ! forbiddenness.

Many authors investigated continuous vy radiation
(internal bremsstrahlung) (En 54a, Go 54b, Mi 54a,
Li 55, Fo 56), internal pair formation (Mc 54, We 54,
Mi 56, Gr 56b, Hu 56a), and other small effects in-
volving atomic electron cloud (Ch 54, Ch 55a, Re 55).

II. Si®(e,p)P® Qn=—2.474
Observed, En 54a.

II1. Si*(Hed,p)P2 Q.=7.494
Observed, En 54a.

21
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TaBLE XXXVI. Magnetic-spectrometer determinations
of the P®(8~)S* end point.

Reference End point (Mev) Reference End point (Mev)
Ly 37 1.69 40.03 Sh 51 1.69540.005
La 39a 1.72 £0.01 Je 52 1.704+-0.008
Wi41 1.75 +0.02 Mo 52a 1.697+0.010
Si46 1.712-40.008 Wo 54 1.7144+0.008
La49a 1.689-+0.010 An 54a 1.7124-0.008
Ag 50 1.718+0.010 Da 54a 1.71140.006
Wa 50 1.708+0.008 Po 56 1.71240.004

IV. P (n,7)P®2  Q,,=7.920

Cross section, Hu 55c.

Twenty v rays found by high-resolution pair spec-
trometry from capture of thermal neutrons in phos-
phorus (KiS52), and three more found with a two-
crystal scintillation spectrometer (Br 56e). Table
XXXVIIL. All v rays, except B, can be regarded as
transitions from capturing state to known levels in P22,
or as transitions from known levels to ground. However,
intensities of v rays feeding and de-exciting a level may
differ appreciably, indicating that decay scheme may
be considerably more complicated.

V. P (nm)P  E;=17.920
Cross section and resonances, Hu 55¢, Pa 55b, Pa 55.

VL Po(n,p)S" Ep=7.920 Qn=—0.698

Resonances, En 54a.
Q-value measurements, Si*..

VIL PY(d,p)P®2  (Qp=5.695

Levels in P® found by magnetic analysis, and 1,
values deduced from angular distributions of corre-

TaBLE XXXVII. Gamma rays from thermal neutron
capture in phosphorus.

Intensity in photons

yrays Energy in Mev per 100 captures
A 7.944-0.03 0.5
A’ 7.8540.05 1.5
B 7.62+0.03 2
C 7.424+0.03 7
D 6.76£0.03 24
E 6.33:0.03 0.7
F 6.14+0.03 1.5
G 6.024-0.04 1.5
H 5.71+0.03 6
I 5.414-0.03 2
J 5.27+0.03 8
K 4.9240.03 4
L 4.684-0.03 26
M 4.494-0.03 4
N 4.38+0.03 11
0 4.204-0.03 7
P 3.924+0.03 25
0 3.55£0.03 22
R 3.284:0.04 9
S 3.044-0.04 7
T 2.1940.03 41
U 1.130.03 14
14 0.51+0.02 28

& References: Ki 52 for v rays A through S, Br 56e for y rays T through V.
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TasrLE XXXVIII. Levels in P from the reaction P3t(d,p)P%,

Reference: +Va 52b Da 57
Egq (Mev): 1.8 and 2.0 : 8
E; (P%2) (Mev) E. (P32) (Mev) In
0 0 2
0.07740.002
0.51540.005 0
1.15440.007 0
1.3164-0.008 ceen
1.75040.009 BNl
2.177+0.009 Oor 1
2.2274:0.009 or
2.6504-0.008 R
2.7424-0.008 ceeB
2.9994-0.010 cees
(3.1414-0.012) [ERL
3.25940.009 1
3.3184-0.009
3.45+0.1 3)
4.0324-0.009 1
4.2074+0.010 0
4.4340.1 1
4.664-0.1 weak
4.904-0.07 1
5.11+0.1 (isotropic)
5.374+0.07 1
5.5340.07 1
5.754-0.1 weak
5.824-0.07 1
6.09-+0.07 1
6.2040.1 weak
6.344-0.1 1
6.56£0.07 lor2
6.694-0.1 weak
6.85+0.1 weak

s Not observed or weak.

sponding proton groups in Table XXXVIII. Ground-
state Q value is 5.7042£0.008 Mev (Va 52b). The /,=2
assignment to ground-state doublet also found at
E;=7.2 Mev (Pa52) and at E;=14.3 Mev (Bl 53).
The 7,=0 admixture to this group is less than 59,
(Pa 52).

Experimental yield ratio (excited-state protons over
ground-state protons) at §=90° is 1.7 at E;=1.8 Mev
and 1.2 at E4=2.0 Mev (Va 52b). This agrees reason-
ably with predicted ratio of 1.67 for ground-state spin
J=1% and excited-state spin J=2* (En 53a, En 54).

See S%, reaction V, for v rays from P*-+d reactions.

VIIL. S%(n,p)P® Q,=—0.921

Tonization chamber measurement with pulse-height
analysis yields —0.93+0.1 Mev for ground-state Q
value (Hu 41). At E,=2.56 Mev, a 7742-kev v ray
observed with a scintillation spectrometer (Da 56c).

Cross section, En 54a, Hu 55a.

Resonances, S%.

IX. S¥(y,p)P? Qn=—9.567
Not observed.

X. S%(d@)P? (,,=5.084

By magnetic analysis at Eq=1.6-2.9 Mev and §=63°
and 90°, with enriched S* targets, ground-state Q=>5.04

P. M. ENDT AND C. M.

BRAAMS

+0.02 Mev (Le 56b). This might be too small since
also the value obtained by these authors for $*(d,a)P%
ground-state Q value is too small by 60 kev.

XI. CI¥(n,a)P2 (,,=0.936

From ionization chamber pulse-height analysis,
ground-state Q values of 1.0740.15 Mev (Fo 52) and
0.9740.16 Mev (Ad 53).

Cross section, En 54a.

GENERAL REMARKS

Theoretical discussion of P* spin, Hi 54. Discussion
regarding doublet levels in P, In 53.

S32
(Fig. 24)

I. Si®(e,n)S? Q,=—1.553
Not observed.

I () PA(py)S?  (Qn=8.841
(b) P*(p,p'y)P" E,=8.841
(©) P(pa)Si®  E,=8.841, (,=1.923

Resonances in these reactions in Table XXXIX.
Proton energies listed are weighted averages of values
given by different observers. In Pa 55a, only resonances

TaBLE XXXIX. Resonances in the P314-p reactions.

E; (S%2) (27 41)Iy e
Ep (kev) (Mev) T (kev) Decay & (ev) ,me
3558 9.185 v
440sbc 9267 v
540mbe 0364 v
648bed 0460 v o
816bee  9.631 v 1.8
825 9.640 Yo 0.36 1
892 b.ed 9.705 Y
1050 bodt  9.858 v
1084 bre 9.801 v
1117 bee 9.923 Yo 1.9 1
1146 e 9.951 Y1 2.2
1248 bioe 10.050 Yo Y1 0.24,3.72 2
1408 bie 10.205 ¥
1443 be 10.239 b
1482 be 10.283 EY%
1520 £ 10.314 9.0t o
1549 b.ee 10.342 71
1571 be 10.363 Y
1598 b.e 10.389 v
1640 f 10.430 ~5°f g
1892 ¢ f 10.674 24ef 4y ag 37 1-
1916°¢ 10.697 y
1980 ¢ 10.759 Qg
1985 e 10.764 10¢ Yo 13 1
1990 ¢ 10.767 ap
2027 & f 10.805 24 et Yo g 26 1~
2120 ¢ 10.895 Se Yo ag 4.0 1=
2320 ¢ 11.092 8e Yo 20 1
2340 © 11.111 8e Yo 64 1

a Ta 46. b Gr 51. ¢ Ke 56a. 4 Fr 51, ¢ Pa 55a. f C1 55.

& The symbols have the following meaning: v gamma radiation observed
without specification as to energy, yo transition to S¥ ground state, y1
transition to S3 first excited state, ao ground-state transition of P3(p,a)Si28
reaction. PTwo values listed relate to o and v, respectively.
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are listed which decay either to $** ground state or to
first excited state. List of resonances decaying through
the P3(p,a)Si*® ground-state transition is not complete.
Altogether, there are 16 resonances in E,=1.0-2.5-Mev
region, decaying in this way, most of which do not
decay by «y-ray emission (Cl 55).

There are 21 resonances in E,=2.3-3.36-Mev region
showing a 1.2620.015-Mev v ray from P¥(p,p’y)P%
reaction. For E,>2.47 Mev, also a 1.8-Mev v ray ob-
served from P%(p,a)Si*® leading to first level in Si*®
(01 55). :

Spin and parity assignments in Table XXXTX from
y-ray angular distribution measurements.- Spin of first
level in S% probably 2* (Pa 55a). For y-ray energies
measured at several resonances, Ke 56a. Also Sm 54,
Va 56. See P? and Si*® for levels observed in these nuclei
from reactions b and c.

L. P*(dn)S? Q,=6.616

With nuclear emulsions, ground-state 0=6.63+0.08
Mev measured at E;=8 Mev. Transitions observed to
known lower levels in S and to new levels at 6.29, 7.28,
and 8.33 Mev, all 20.10 Mev. Angular distribution
measurements yield /,=0 for transitions to ground and
to 3.78-Mev level, and I,=2 for transitions to 2.24-Mev
level (El 55a). This in agreement with results in Ca 55,
obtained at E;=9 Mev with a triple ionization chamber
for neutron detection. However, transition to 3.78-Mev
level not resolved from those to 4.29- and 4.47-Mev
levels. Group leading to 5.76-Mev level has an /,=2
angular distribution. Also En 54a.

Gamma rays, following bombardment of phosphorus
with 4.6-Mev deuterons, observed with a magnetic pair
spectrometer with following energies: 4.4340.03, 4.73
+0.03, 4.954-0.03, 5.3140.03, 5.814-0.03, 6.134-0.03,
6.8640.03, 7.494-0.07, 8.194-0.03, and 8.564-0.03
Mev. Neutron binding energies in S*, P2, and Si*® are
15.08, 7.92, and 8.47 Mev, respectively, showing that
only last two vy rays can be assigned to this reaction
with certainty. However, several other v rays could
also be regarded as transitions in S from level to
ground (Be 55). -

Theoretical discussion of lowest three S® states,
Hu 55b.

IV. P2(3)S%  See P

V. S%(e,e’)S%

Differential cross section measured for elastic scatter-
ing of 187-Mev electrons, and for inelastic scattering to
2.24-, 3.78-, 5.76-Mev levels and to a new level at 6.6
Mev. From comparison with ¢(f) for the excitation of
2+ levels in other even-even nuclei it is highly probable
that 2.24-Mev level in S* has also /=2t (He 56).

VI. S2(n,n')S®

Inelastic scattering of neutrons studied with scintil-
lation spectrometers. At E,=2.56 Mev, a vy ray of
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2.2340.02 Mev. found (Da 56¢c). At E,=3.7 Mev,
energy of this v ray measured as 2.254-0.03 Mev; no
others observed (Ro 55a).

Also En 54a, Mo 56¢.

Elastic scattering angular distributions and inelastic
scattering cross section, En 54a, Li 55a, El 56.

VII. S%(p,p")S%

By magneticanalysis, at E,=8 Mev, levels in S%
found at 2.25, 3.81, 4.32, 4.50, 4.74, 5.04, and 5.83 Mev,
all 30.02 Mev (Ar 52). By comparison with the results
obtained by these authors in Al excitation energies
are probably too high by an amount slowly increasing
up to 70 kev for highest levels.

See CI% for resonances in yield of a 2.2-Mev 7 ray.

VIII. CI%(8+)S% See Cl2
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IX. S¥(y,n)S? Q,=—8.646
Not observed.

X. CP%(,0)S®? Q,=1.857

By magnetic analysis at 2.5, 4.0, and 7.0 Mev, the
ground-state Q=1.865+0.015 Mev (Al 55a), 1.860
#+0.005 Mev (Va 56, Va 57d), and 1.86340.008 Mev
(En 56c¢), respectively.

Levels in S% observed at 2.237, 3.780, 4.287 Mev, all
+0.008 Mev, 4.46540.010, and 4.69840.010 Mev
(En 56¢). Resonances, A%,

cr:
(not illustrated)

L CB(EHS? 0,=13.0

Half-life measured as 0.30610.004 sec (Gl S5S5),
0.32:£0.01 sec (Br 54a) and 0.28 sec (Ty 54). Maximum
Bt energy is 9.540.4 Mev, indicating 8% transitions to
2.24-Mev level in S%. This branch has intensity of
484159, yielding log ft=4.6. A weaker branch with
~7.5-Mev end point also observed. In one per several
thousand disintegrations the 8+ decay proceeds to an

TasLE XL. Gamma rays from CI2(8%)S%.

Reference: G155 Br 54a

E, in Mev 2.2140.03 (0.70) 2.254-0.04
2.77 or 3.7940.08 (0.10) (3.79£0.08)
4.2740.08 (0.07) 4.33+0.09
4.774+0.04 (0.14) 4.82+0.08

a-unstable level in S with E,=2-3 Mev (GIS55).
Gamma-ray energies and intensities in Table XL.

Three lowest-energy v rays well explained as ground-
state transitions of corresponding S* levels. The 4.8-
Mev v ray might be transition from 7'=1 analog of the
P32 and CI® ground states at 7.0 Mev, to first level.
The 8+ transition to T=1 level is superallowed (log f
=3.8) (Bo 55, Wi 56a). From v-ray intensities branch-
ings of 64, 12, 8, and 169, computed for 8* transitions
to the 2.24-, 3.78-, 4.29-, and 7.0-Mev levels.

II. S2(p,m)CI2 Qn=—13.8

Threshold is measured as 14.3240.5 Mev (Gl 55),
and 14.540.6 Mev (Br 54a).

At E,=17.5 Mev, neutron groups leading to CI*
levels at 1.0, 1.4, and 2.0 Mev observed with nuclear
emulsions (Aj 55).

pss
(not illustrated)

L P#(E)S® (0n=0.249

Average value of 24.510.2 days for half-life from
four determinations (En 54a, Ni 54).

P. M. ENDT AND C. M. BRAAMS

The 8~ end point determined by magnetic spectrom-
eter as 0.27+£0.02 Mev (Sh51c), 0.264-0.02 Mev
(Je 52), 0.2512£0.005 Mev (El54), and 0.24940.002
Mev (Ni 54), and as 0.2462-0.005 Mev by Al absorp-
tion (We 52). The 8~ transition is allowed (log ft=5.1)
but / forbidden. No v rays found (We 52, also La 54).

II. Si®(e,p)P®  Qm=—2.982
Not observed.

IIT. S®¥(n,p)P® (,=0.534
Cross section, En 54a, Ni 54.

IV. S%(y,p)P® Q,=—10.885
Observed, En 54a.

V. $%(p,0)P® Q0,.=0.5
Not observed.

VI. CPF¥'(y,)P® Q,,=—7.864
Observed, En 54a.

' S33
(Fig. 25)

I. Si¥(e,n)S® Qn=—3.516
Not observed.

IL $2(1,7)S® Q,.=8.646

Cross sections and abundances of sulfur isotopes
(Hu 55¢) indicate that probably most of thermal-
neutron captures in natural sulfur occur in S%2.

Gamma rays from thermal neutron capture in natural
sulfur in Table XLI. Remarkable are strong E1 transi-
tions to and from p states in S¥ at 3.22 and 5.71 Mev.
Of all proton groups observed from S*(d,p)S® reaction
at E4=6.55 Mev, both at 90° and at 130°, groups lead-
ing to these levels have also largest intensity (see Reac-
tion V). Several of weaker v rays of Table XLI might
also be explained as transitions to or from known levels
in S®%, but their assignment is less certain.

III. S®2(n,n)S*? E,=8.646

Cross section and resonances, Hu 55¢, Mo 55b, Pa 55,
Mo 56b, La 56a. Fifteen resolved resonances observed
below E,=1.1 Mev. Characteristics of seven lowest-
energy resonance in Table XLII. Recently, J>5/2,
1,>2 reported for 585-kev resonance, La 56a.

IV. (a) S®(n,p)P? E,=8.646 Q.=—0.921
(b) S®(n,0)Si® E,=8.646 (Q.,=1.553
Cross section, En 54a, Hu S5a.
Also P® and Si® for reactions (a) and (b), respec-
tively.
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TasLE XLI. Gamma rays from thermal neutron capture in sulfur.

Reference: Gr 55a Ki 52, Ki 54a

Method: Magnetic Compton spectrometer Magnetic pair spectrometer

Gamma ray Intensity in photons Intensity in photons Probable transition

Energy in Mev per 100 captures Energy in Mev per 100 captures in S®b

A 8.63 +0.04 1.8 8.644-0.02 1.2 (¢)—(0)
B 7.80 0.04 2.6 7.78+0.03 1.6 (c)—(1)
C 7.42 £0.05 0.6 7.42+0.03 0.3
D 7.20 0.05 0.5 7.19:0.03 0.2
E 6.62 +0.05 0.5 6.64-+0.03 0.25 (e)—(2)
F 5.88 +0.05 04 5.974:0.06 0.6
G 5.44 +0.02 48.0 5.43-+40.02 60 (e)—(7)
H 5.07 £0.03 3.5 5.03+0.06 3.5
I 4.87 +0.02 12.0 4.84+0.06 11 (32)—(1)
J 4.58 +0.03 1.2 4.60-0.03 3.5
K 4.40 +0.02 6.0 4.38+0.03 7
L 3.66 +0.05 2.0 3.6940.05 4
M 3.41 +0.01 7.1 3.360.05 7 (32)—(3)
N 3.27 +0.01 19.0 3.214:0.03 20 (7)—(0)
N’ 3.10 +0.03 2.0
0 2.975+0.01 13.0 2.944-0.05 20 (c)—(32)
P 2.82 £0.02 4.0
Q 2.70 +0.05 2 Br 56e. Two-crystal scintillation
R 2.5504-0.02 4.4 spectrometer
S 2.41540.01 30 2.34+0.03 37 (NH—@1)
T 2.29 +0.03 5 (3)—(0)
U 2.00 =0.02 3 (2)—(0)
4 1.52+0.05 1 (3)-(1)
w 0.84 +0.01 47 0.8420.02 56 (1)—(0)

a Where possible, intensities are taken from Ki 54a. For v rays C, D, F, H, and J, from Ki 52, multiplied by correction factor varying from 0.4 to 0.7.
b Numbering of levels from Table XLII., The capturing state is denoted by (c). All transitions are assumed to result from S32(zn,y)S# reaction.

V. $2(d,p)S*® (Qn=6.421

By magnetic analysis at Eq=1.8, 2.9, and 6.5 Mev,
the ground-state Q value=6.4224-0.011 Mev (St 51),
6.408+0.020 Mev (Le 56b), and 6.41340.006 Mev
(Pa 57), respectively. Sixty-seven levels in S¥ found
recently by high-resolution magnetic analysis, Pa 57,
Table XLIII, together with I, values from angular dis-
tribution measurements (Ho 53a, Ho 53d). Levels in
the E,=6.54-7.2-Mev region not indicated in Fig. 25.
Also, En 54a.

VI. P%(8)S® See P
VIL. CI#(3H)S% See CI
VIIL. S%(y,0)S® Qn=—11.419

Threshold measured as 10.854-0.20 Mev (Sh 51a).
Cross section, En 54a.
IX. CP%(d,a)S® (.,=8.278

From magnetic analysis, at §=90° ground-state
(0=38.2774-0.010 Mev, and levels in S* are observed at

TaBLE XLII. Resonances in the sulfur total neutron
cross section (Pe 50, Hu 55c).

En (kev) E; (S8) (Mev) J, T In T'» (kev)
111-£2 8.754 1/2+ 0 18+3
2032 8.843 >1 <2
2742 8.912 S1 <3
290+2 8.927 S1 <3
375+3 9.010 1/2+ 0 1242
585+3 9.213 3/2- 1 1.4+0.5
7004 9.325 1/2+ 0 14+3

TaBLE XLIII Levels in S® from S%(d,p)S%.

Level E;(S®) in Mev & Ian® Level E(S%) in Mev »
((0)) N 2 (34) 5.888
(1) 0.839 0 (35) 5.915
(2) 1.965 (36) 5.982
(3) 2.314 (37 6.067
4) 2.869 (38) (6.079)
(5) 2.936 3 (39) 6.101
(6) 2971 (40) 6.131
7) 3.222 1 (41) 6.234
(8) 3.832 (42) . 6.261
) 3.935 (43) 6.310

(10) 4.049 (44) 6.326

(11) 4.095 (45) 6.360

(12) 4.145 (46) 6.372

(13) 4.211 1 (47) 6.416

(14) 4.377 (48) 6.427

(15) 4425 (49) 6.487

(16) 4.732 (50) 6.513

(17) 4.747 (51) 6.526

(18) 4.869 (52) 6.559

(19) 4919 1 (53) 6.616

(20) 4.941 (54) 6.675

(21) 5.177 (55) 6.689

(22) 5.210 (56) 6.710

(23) 5.272 (57) 6.720

(24) 5.287 (58) 6.788

(25) 5.340 (59) 6.892

(26) 5.351 (60) 6.903

27) 5.399 (61) 6.965

(28) 5.479 (62) ~6.999

(29) 5.597 (63) 7.017

(30) 5.613 (64) 7.037

(31) 5.622 (65) 7.133

(32) 5.711 1 (66) 7.164

(33) 5.864 (67) 7.183

s (Pa 57). Preliminary results obtained at E4=6.0 and 6.5 Mev, § =90°
and 130°, Errors of 6 kev are assigned to all excitation energies, except to
that of level (1) which has a 5-kev error. The proton groups leading to levels
(S), (7) (32). (34), (48). (54), (55), and (67) are exceptionally intense.

b (H a, Ho 53d). Angular distribution measurements at Eq =8.0 Mev,
using Al absorptlon for separation of proton groups.
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0.84440.006, 1.966-0.007, 2.312, 2.869, 2.938, 2.969,
3.227, all +0.008, 3.840, 3.947, 4.060, 4.105, 4.159,
4,224, all 40.009, and 4.7494+0.010 Mev. Barium-
chloride térgets containing natural Cl were bombarded
with deuterons of several energies between 3.0 and 7.5
Mev (Pa 55c). A recent re-evaluation has shown that
reported 3.365 Mev level does not exist. Alpha-particle
groups leading to 4.38- and 4.43-Mev levels, observed
from S%(d,p)S® reaction, may have been present, but
were weak or obscured by contaminant groups (Pa 57).

X. A¥(n,0)S® Qn=1.922

Tonization-chamber measurements with pulse-height
analysis at E,=2.15-4.40 Mev yield 2.04-0.1 Mev for
ground-state Q value. A level at 1.1:£0.1 Mev also
observed (To 53). Also, En 54a.

P. M. ENDT AND C. M. BRAAMS

Cr=
(Fig. 26)

I CIB(BNS® Qn=5.578

Half-life measurements yield 2.8 sec (Ho 40) and
2.8 sec (Sc48). Other determinations, 2.43-0.2 sec
(Wh 41) and 1.840.1 sec (Bo 51), in doubt as possibly
a mixture of CI® and CI* has been studied (St 53).

Possible confusion with short-lived CI* also sheds
doubt on measurements of beta-spectrum end point:
4.134+0.07 Mev with a cloud chamber (Wh 41), and
4.4340.13 Mev (Bo 51) and 4.24-0.2 Mev (Na 53)
with a scintillation spectrometer. Log ft=3.7, ap-
proximately.

A v ray of 2.85 Mev with an intensity of 0.3%, per
disintegration observed (Me 54).

IL. S2(py)CIB  Q,=2.285

In E,=200-800 kev region, one resonance found at
E,=594-5 kev. Three v rays with following energies
and relative intensities observed:

v1 2.8624-0.015 Mev (0.51),
ve  2.053240.015 Mev (0.49),
vs 0.80624-0.004 Mev (0.50).

Last vy ray is coincident with v, but not with ;.
Gamma-ray angular distribution measurements are only
consistent with a J=3/2+ assignment to the resonance
and confirm assignments of 3/2% to the ground state
and 1/2% to the 0.806 Mev level. Both v, and v, are
of mixed M1+4E2 character with mixing ratios of
%2=0.1020.01 and 0.005+£0.003, respectively (Va 56f).

€p
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TasLE XLIV. Resonances for elastic proton scattering on S%,
and corresponding C1 levels (Ol 56).

Ep (Mev) E; (C1%) (Mev) T (kev) J,
1.900 4.122 8.5 3/2-
2.30 4.51 52 1/2-
2.575 4,715 <5
2.810 5.002 ~6 3/2-
2.902 5.092 <S5
2.917 5.107 <5
3.092 5.275 <2 3/2,5/2)*
3.194 5.373 L2 >1/2
3.265 5.442 32 1/2+
3.381 5.554 L2 (5/2,7/2)~
3.718 5.880 L2 >1/2

L. (a) S2(p,p)S?  E»=2.285

(b) S2(p,p'y)S? Ey=2.285 E,=2.24

Resonances observed in elastic scattering cross sec-
tion at five different angles in Table XLIV. Essentially
same results for E,=1.90- and 2.30-Mev resonances
also given, Fe 53. Two more very broad (I'~300 kev)
resonances probably present at about E,=3.5 Mev
(Ol 56). States at E,=2.81, 2.90, 2.92, 3.09, 3.19, 3.38,
and 3.72 Mev also resonant for 2.24-Mev + rays from
inelastic scattering, Le 56.

IV. S2(dn)C  Q,,=0.060

Several neutron groups observed with nuclear emul-
sions at E4=8 Mev. Ground-state Q value is 0.25 Mev,
and levels found at E,=0.762-0.07, (1.89), 2.84+0.06,
and 4.224-0.08 Mev. Several more closely spaced levels
found above 4.22 Mev. From angular distribution
measurements and Butler analysis, CI® ground state
can be characterized as J=(3/2, 5/2)* (I,=2), level
at 0.76 Mev as J=1/2*+ (I,=0), while levels at 2.84
and 4.22 Mev check best with J=(1/2, 3/2)~ (I,=1)
(Mi 53).

V. S¥(p,n)CI¥  Q,=—6.360
Observed, En 54a.

VI. A%(p,a)CI® Q,=—4.369
Not observed.

P34

(not illustrated)

I PH(8)S* Qn=5.2

Best measurement of half-life yields 12.404-0.12 sec
(Bl 46, also Co 40, Hu 45). , :

The B~ decay proceeds predominantly to ground state
and first excited state of S* (Bl 46); in addition, the v
spectrum reveals weak branching to a 4.0-Mev level
(Mo 56d). End point of high-energy 8~ branch is 5.1
+0.2 Mev, that of second branch, 3.24£0.2 Mev, as
measured by Al absorption (Bl 46). Branching ratios
and log ft in Table XLV.

LEVELS, Z=11 TO 20

723

TaBLE XLV. The P*(37)S* decay.

E, (S%) (Mev) 0 2.10 322 40°b
Eg (Mev) 51+02%  3.2+02°

Branching ratio (%) 752 258 e 0.2b
log ft 5.1 4.7+# >5.6P 49b

& Bl 46, » Mo 56d.

Spin and parity of P* very probably 1+ (see S*,
general remarks).
Discussion of 8~ transition probabilities, De 53b.

II. P3(n,y)P* Qn=06.5
Perhaps observed, En 54a.

I S%(n,p)P* Q,=—44

Cross section, En 54a.

IV. $*%(d,0)P* Q,=4.8
Not observed.

V. CP¥(n,0)P* Qu=—14
Cross section, En 54a.
S
(Fig. 27)

I P(a,py)S* Qn=0.611

Investigated with 8.1-Mev cyclotron a particles and
with scintillation counters for energy and coincidence

1419
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measurements of protons and v quanta. Ground-state
Q value=0.720.1 Mev; levels found at 2.1340.02,
3.334-0.05, 4.32+0.08, and 4.8-£0.1 Mev. Branching
of vy decay of 3.30-Mev level is (73+4)% to 2.13-Mev
level and (2724)9, to ground state (St 56b).

II. S®¥(n,y)S$* Q.=11.419
Not observed.

II1. S®¥(d,p)S* Qm=9.194
Reaction reported (En 54a). Not confirmed (Pa 57).

IV. P%(8-)S% See P
V. CI#(BHS* See Cl

VI. CIB5(y,p)$* Qm=—06.373
Not observed.

VIL CF(p2)S* Qm=3.021

Ground-state Q value measured by magnetic analysis
as 3.015-£0.015 (Al 55a), 3.0282-0.006 (Va 56, Va 57d),
and 3.026-:0.008 Mev (En 56¢).

Also by magnetic analysis, at E, between 1.8 and 4.0
Mev, a level was found at 2.12940.014 Mev (Va 56),
while at E,=7.0 Mev, levels found at 2.127, 3.302,
3.915, 4.073, 4.114, 4.621, 4.685, and 4.876, all £0.008
Mev (En 56c¢).

GENERAL REMARKS

From allowed character of P* decay to S* ground
state and to 2.13-Mev level, and of CI¥*" (J=3*) decay
to 2.13-Mev level follow assighment of J=1% to P*
and 2t to S$* (2.13). From vy-y angular correlations,
spin of 3.30-Mev level is 2+ (Ha 56d). If 4.0-Mev v rays
observed in decay of P* and CI** (Mo 56d) come from
same state, this should also have 2*. More accurate
energy measurements necessary to establish this
assignment.

Theoretical discussion of position of lowest 2% states
in even-even nuclei, Th 56.

Cl34
(Fig. 28)

I. CI#(BH)S* Qn=35.52

Half-life measured as 1.5824-0.05 (St 53b), and 1.53
+0.02 sec (Kl 54b). Best measurement of half-life of
isomeric state yields 32.402£0.04 min (Gr 56), in agree-
ment with less accurate determinations (En 54a).

Measurements of positron energies and intensities
in Table XLVI.

The 4.5-Mev 8+ branch is emitted by ground state
(Ar 53, also Ma 54a); the ft value is 3160120 sec
(Gr 56), indicating that CI* ground state is the T'=1,

P. M. ENDT AND

C. M. BRAAMS
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J=0% analog of S* ground state (also Qu 56). Log f¢
for transitions from CP*" to S* (2.13) and (3.30) are
6.1 and 4.9, respectively.

Energies of v rays in decay of CI*” in Table XLVII.
From conversion coefficient of 145-kev ¥ ray, which is
(1444)9, (St 53), it follows that this is a M3 transition.
Hence, isomeric state has J=23*. Intensity of 4.0-Mev
v ray indicates log ft=about 5.4 for corresponding 8+
transition (Mo 56d). Angular correlation of 1.17- and
2.13-Mev v rays indicates that both 2.13-and 3.30-Mev
level have J=2%. The 1.17-Mev v ray has a 1.79%, E2
admixture (Ha 56d). Discussion of spins and parities
of $* levels, under S*, general remarks.

II. P¥(an)Cl#  Qn=—5.69

Ground-state Q value, as derived from threshold
measurements, is —5.72-0.2 Mev. This corresponds to
threshold for slow neutron production as well as for
production of 1.58-sec ground-state activity (Qu 56).

TaABLE XLVI. The 8+ decay of CI** and CI¥m,

Reference: Ru 51 Hu 54a Gr 56
Method : Magnetic Scintillation Magnetic
spectrometer spectrometer spectrometer

End+p?1i6[1t ) 4.454+0.11 (46%) 4.4540.10 4.50+:0.03 (47%)
B ev

End point  2.58+0.26 (28%) 2.4840.07 (26%)
Bzt (Mev)

End point 1.3 0.2 (26%) 1.334:0.10 (26%)
B3t (Mev)




NUCLEAR ENERGY LEVELS,

TasLE XLVII. Gamma rays in the decay of CI¥m,

Reference: Ru 51 Ti 51 Mo 56d
Method: Magnetic Scintillation Scintillation
spectrometer spectrometer spectrometer
Ey, (Mev) 0.145--0.003
E,, (Mev) 1.160.03
E,; (Mev) 2.13 +0.12 2.10-£0.03
E,; (Mev) 3.30 +£0.14 3.224-0.03
E,; (Mev) 4.0 (0.2%)

III. S¥(p,v)C* Q.=5.12
Not observed.

1V. S¥(dn)CP* Q,,=2.89
Observed, En 54a.

V. S%(pm)C*  Q,=—6.30

Studied with 17.5-Mev protons and detection of neu-
trons by nuclear emulsions. Highest Q value observed
was —6.1 Mev; if this corresponds to CI* ground state,
there are levels at 1.1, 1.9, 2.7, 3.7, 4.6, (5.7), and (7.2)
Mev (Aj 55). .

VI. CI(y,m)Cl#  Qp=—12.66

The Q value for transition to 32-min metastable state
at 0.145 Mev is —12.3540.35 Mev (De 55). Cross
section, En 54a, Go 54a.

GENERAL REMARKS

Positions of the lowest =0 and 7'=1 states in CI3
and other self-conjugated odd-odd nuclei, St 53b,
St 53a, Pe 53, Mo 54, Wi 56a. Discussion of Cl* ground-
state configuration, Ku 53, De 53a. See CI*%, General
remarks, for discussion of relation between excitation
energies in CI3 and CI®¢.

S35
(Fig. 29)

I S5(8)CI»  Q,,=0.168

Half-life averaged from four determinations (En 54a)
is 87.341.1 days. Five magnetic or electrostatic spec-
trometer determinations (En 54a, Fe 54a) of 8~ spec-
trum end point yield an average value of 168.1240.5 kev.
Spectrum has allowed shape, at least down to 2 kev
(En 54a, Mo 54a, Di55). Log ft=5.0. A spin J=3/2
for S$% found from microwave experiments (We 51).
Computation of 3~ matrix element based on 77 coupling,
Gr 56.

II. S*(n,v)S$*® Q.=6.988
Cross section, En 54a, Hu 55c.

TIL. S%(d,p)S% Qn=4.763

From bombardment of natural sulfur targets at
E;=6.5 Mev and §=90°, weak proton groups observed
by magnetic analysis corresponding to transitions to

Z=11 TO 20 725
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S8 ground state (Q=4.76 Mev) and to levels at 1.99
and 2.35 Mev (Pa 57).

IV. CI¥%(n,p)$% (0,=0.615

Cross section, En 54a, Hu 55¢, Be 55c. Q value de-
termined from ionization-chamber pulse-height analysis
both with thermal and with D(d,%) neutrons as 0.52
+0.04 Mev (Gi 44).

V. S%(y,m)S%® Q,,=-—9.9
Not observed.

VI. CPF(d,0)S® Q,=7.784

From bombardment of BaCl, targets containing
natural chlorine, at several deuteron energies between
3.0 and 7.5 Mev, Q value determined by magnetic
analysis at 6=90° as 7.78320.012 Mev. Levels in S3
observed at (1.922), (2.348), 2.714, and (4.025) Mev,
all +0.010 Mev (Pa 55c). A recent re-evaluation shows
that an additional a-particle group which had been
assigned to CI¥%(d,a) reaction actually has to be ascribed
to CI¥7(d,a) leading to a S% level at 2.9554-0.010 Mev
(Pa 57).

VIL A%(n,0)S* Q,=—0.225
Not observed.
C1%

(Fig. 30)
L. S%(a,p)CB5 Q,=—1.857

Work with o particles from natural radioactive
sources, En 54a.
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With 8-Mev cyclotron a particles and proton detec-
tion with a scintillation spectrometer, Q value deter-
mined as —2.3 Mev and levels in CI% observed at (0.7),
1.1, and (1.7) Mev (Pi55).

1. S%(py)CI®  0,=6.373

With 19, energy resolution, resonances found in
bombardment of sulfur with protons of 0.9 Mev
<E,<1.9 Mev at E,=1.37, 1.61, 1.69, 1.8, and 1.86
Mev. As target shows no radioactivity these resonances
are attributed to S*, but, in view of short half-life of
CI®, capture in S* should not be excluded (Ha 51).

II1. S¥(d,n)CP® Q,,=4.148
Not observed.

TasiLE XLVIII. Levels in CI?¥ found from CI%(p,p") C1%
by magnetic analysis.

Sc 56e En 56¢

4.6-5.6 7.0

90° and 130°
natural Cl1

1.221

1.763

2.645

2.695

3.006
(3.165)
4.058

4.113

4174

all 3-0.005

Reference: Va 56
Ep (Mev): 3.6-3.8
Angle of observation: 90°
Target: natural Cl

E, (CI%) in Mev  1.2192-0.005
1.760+0.004

enriched Cl

1.220+0.005
1.766+-0.006

P. M. ENDT AND C. M. BRAAMS

IV. S%(8-)CP5  See S

V. CB%n,n'y)CI3®

At E,=4.4 Mev, v rays of 1.234-0.01, and 1.7740.01
Mev observed with a scintillation spectrometer, (Si 56).
VI. CIB(p,p")CP® ’

Levels in CI?® given in Table XLVIII.

VII. A¥»(BH)CE® See A%

VIIL. A%(y,p)CP® Q,,=—8.511
Not observed.

IX. A%(p,a)CB5 Q,,=—0.840
Not observed.

A35

(not illustrated)

L AB(BHCPF Q,=5.98

Determinations of half-life yield 2.2-+0.2 sec (Wh 41),
1.88-+0.04 sec (El 41), 1.84 sec (Sc 48), and 1.8340.03
sec (Ki 56), giving average value of 1.85+40.03 sec.

The B+ end point determined by magnetic spectrom-
eter as 4.96+0.04 Mev. Weak v rays of 1.194-0.04 and
1.7340.04 Mev with intensities of 542 and 2419,
respectively, observed by scintillation spectrometer.
The B+ transitions to CI*® ground state, the first, and
the second level have log fi=3.8, 4.7, and 4.5, respec-
tively (Ki 56).

II. S%2(am)A%® Q.=—8.62
Observed, En 54a.

II1. CPB3(p,m)A% Qn=—6.76
Observed, En 54a, Ki 56.

IV. A%(y,n)A%
Not observed.

Om=—15.27

g6
(not illustrated)

I. CPS(EC)S* See CI*

II. CI¥(y,p)S®
Not observed.

Qn=—384

IIL A®(y,0)S* Qn=—6.8

Alpha particles perhaps observed as background of
large pulses from an argon-filled ionization chamber
bombarded by 17.6-Mev v rays (Wi 51).
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CI%
(Fig. 31)

1. (a) CB%(B)A%* (,=0.714

(b) CB$(EC)S*® Q,=1.2

Half-life measured by absolute 8~ counting, using
samples of known CI*® content, as (4.44-0.5)X10% yr
(Wu 49) and (3.084-0.03) X105 yr (Ba 55a).

End point of B~ spectrum is 0.71424-0.005 Mev
(Fe 52, Wu 49). Shape of beta spectrum, investigated
extensively with thin sources, is consistent with a
AJ=2, no, transition (Wu 50, Fu 51, Fe 52, Jo 56).
Log ft=13.4. Number of positrons is less than 10~*
times number of electrons (Wu 49, Jo 49), and no v
rays present with energy E,>20 kev and intensity of
more than 59, (Wu 49).

Observation of K quanta in a proportional counter
shows that CI*® also decays by K capture to S*, with
K/B~=(1.740.1)%, (Dr 55).

A spin J=2 obtained for CI*® by microwave experi-
ments (To 49, Jo 51, Gi 52a, Aa 55).

Theoretical discussions of CI*6 ground-state configura-
tion, Ku 53, De 53a, Hi 54, Sc 54c. Discussion of log f¢
value, Fo 54, Jo 56.

II. S%(a,p)CPB®  Qun=—1.923
Not observed.

IIL. CP(n,y)CE¢  Q,,=8.580

From thermal-neutron activation cross sections and
abundances of CI*® and CI¥’, it follows that probably less
than 19, of thermal-neutron captures in natural chlorine
occur in CI¥” (Hu S5Se).

Gamma rays observed from capture of thermal neu-
trons in natural chlorine in Table XLIX. Apparently,
many simple two-step cascades occur from capturing
state through one CI*® excited state to ground state.
Cascades involving 0.790-, 1.16-, and 1.60-Mev levels
confirmed by coincidence measurements with two scin-
tillation spectrometers. A 735-kev v ray (not in Table
XLIX) observed in coincidence with line B can only
be explained as transition to unknown 7.84-Mev level
(Re 54).

IV. CB8(n,m)CB5  E,=8.580

Cross section and resonances, Hu 55c, Br 56¢c. With
enriched material, resonance observed at E,=26.5 kev

with I'=0.34 kev (To 55).

V. CB%d,p)Cl*¢  (Q,,=6.355

By magnetic analysis of (d,p) reactions with natural
chlorine targets, at #=90° and E; between 3.0 and 7.5
Mev, ground-state Q=6.354+0.008 Mev (Pa 55c).
Levels observed in CI*® in Table L. From low-resolution
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work at E;=3.5 Mev, additional levels found at 4.42,
5.08, 5.57, and 5.82 Mev (En 51b). Corresponding
proton groups might also result from CI¥(d,p)CI38
reaction. Also En 54a.

Angular distribution of ground-state proton group
measured with nuclear emulsions at E;=6.90 Mev and
7.8 Mev. Butler analysis yields /,=2 in both cases,
with less than 49, admixture of /,=0 (Ki 52a, Ki 53b).

VI. S%(p,n)CB¢ Q,=—2.0
Not observed.
VII. A%(n,p)CI3¢ Q,=0.069

Not observed.

VIIL. CBE/(y;n)CP¢ Q,=—10.321

Photoneutron threshold of natural chlorine is 9.95
=+0.20 Mev-(Sh 51a). This value should be assigned to
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TasrLe XLIX. Gamma rays from thermal neutron capture in chlorine.

Reference: Ki$§2 Gr 55a Ha 52b Re 53
Method: Pair spectrometer Compton spectrometer Scintillation Two-crystal scintillation Probable
spectrometer spectrometer transition
Line Energy (Mev) Intensity Energy (Mev) Intensity » Energy (Mev) Energy (Mev) Intensity & in Clse b
A 8.56-£0.03 3 8.55 =0.04 2.8 (0)—(0)
B 7.77£0.03 10 7.78 =+0.03 7.8 7.0 £0.2 (= (1)
C 7.42+0.03 8 7.41 +0.03 14 (O—(2)
D 6.98-£0.03 1 6.96 +0.04 1.9 ()= (3)
E 6.624-0.06 4 6.64 +0.04 14.4 (c)—(4)
F 6.120.03 6 6.12 0.03 21.4 6.2 0.2 ©—(5)
G 5.72+0.03 2 5.72 +0.03 5.6 (0)—(10)
H 5.51+0.03 1 549 +0.04 2 (—(13)
H (5.28 +0.05) 1.6
I 5.0120.03 4 5.01 +0.04 6 4.67£0.10 (©—(17)
r (4.79 =0.05) 1.9 .
r (4.64 £0.05) 2.3
J 4.46-0.04 2 (4.50 +0.05) 2.2
J! (4.15 +0.05) 2.3
K 4.060.04 3 (4.05 =+0.05) 2.1 3.7140.10 23
K’ (3.90 +0.05) 1.8
L 3.62+0.05 2 (3.63 =£0.05) 29 (17)—(0)
M Br S6e 3.40 :I:0.0.; 3.6
Two crystal scintillation K . .
{)V sgectrometer 383 1:883 }8'0 (13)—(0)
P 2.84:+0.03 6 2.87 +0.02 9.5 2.68+0.10 10 (10)—(0)
0 2.68 =-0.02 2.0
R 2.4240.05 1 2.51 +0.03 1.0 2.0340.10 (5)—(0)
S 1.9640.03 34 1.97 +0.01 29 2.00 +0.025 1.7740.10 19 4)—(0)
T 1.72 £0.02 1
U 1.67 £0.02 1.0 5)—(1)
14 1.60 +0.01 24 1.59 +0.013 3)—(0)
w 1.1440.03 8 1.1654-0.01 36 1.15 £0.01 1.1240.10 29 (2)—(0)
X 0.754-0.03 10 0.77 +0.01 23 0.784+0.01 0.70£0.10 35 (1)—(0)
Y 0.48£0.03 10 0.485-+0.01 26 (5)—(4)

= All intensities are given in photons per 100 captures.

b The numbering of CI3¢ levels is taken from Table L; (¢) stands for the capturing state.

the CI*7 isotope, as calculated threshold of CI®(y,n)CI3*
is considerably higher (12.7 Mev). Also Go 54a.

IX. K®(n,a)CP® Q,=1.351

By irradiation of KI crystals with D(d,») neutrons
and pulse-height analysis of scintillation spectrum,
ground-state 0=1.2540.2 Mev. Transition to a CI3¢
level at 0.8740.1 Mev also observed (Sc 56a).

GENERAL REMARKS

Pure j7 coupling predicts a linear relation between
excitation energies of (ds/2, dss™) levels in CI¥ and

TasLE L. Levels in CI3¢ from CI3%(d,p)CI3¢ (Pa 55c¢).

Level E, (CB¢) (Mev) Level E; (CB%) (Mev)
(1) 0.790-0.005 (13) 3.110+0.008
(2) 1.163+0.006 (14) 3.214-+0.008
(3) 1.6004-0.007 (15) 3.3414-0.008
(4) 1.9524-0.007 (16) 3.474+0.008
(5) 2.473-+0.007 (17) 3.606--0.008
(6) 2.498+-0.007 (18) 3.644-+0.008
(7) 2.52340.007 (19) (3.6730.008)
(8) 2.684--0.007 (20) 3.732-0.008
9) 2.820-0.007 (21) 3.970+0.008

(10) 2.87240.007 (22) 4.003-:0.008

(11) 2.9054-0.007 (23) 4.043-+0.008

(12) 3.004-0.007

those of (ds)s, ds/2) levels in CI** (Pa 56a). Most natural
way to obtain in CI* a 0% ground state, a 3+ 142-kev
level, and a 2+ level at about 2.13 Mev (as in S$%), would
be to assign 2+, 3+, 1+, and 0% to CI®¢ ground state and
to levels at 0.790, 1.60, and 3.34 Mev, respectively.
This entails 1t and 2+ levels in CI* at 0.51 and 1.80
Mev, respectively.

A6
(Fig. 32)

I. S%(an)A%® Q,=—1.922
Not observed.

TL. CB8(p,y)A% Q,,=8.511

Eighty-six resonances in vy-ray yield from targets
containing natural chlorine found at proton energies
between 500 and 2150 kev. From targets enriched in
CI38, resonances observed at 858, 888, 1102, 1258, 1484,
and 1510 kev (Br 51).

Gamma-ray spectra measured at the 858-, 1484-, and
1510-kev resonances, and at an additional resonance at
E,=1580 kev which also has to be assigned to CI*.
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These have (2741)T',=9.6, 8.0, 32, and 22 ev, respec-
tively. The 858-kev resonance decays through levels at
1.95, 4.1, and (4.9) Mev. Branching ratios in Fig. 32.
Coincidence measurements confirmed 5.1—4.1- and
5.1—2.15—1.95-Mev cascades. Other three resonances
decay directly to A% ground state. Measured y-ray
energies lead to Q=8.44-0.15 Mev (To 57).

IIL. CP5(p,a)S® E,=8.511 Q,=1.857

Eighteen resonances observed in E,=1.30-2.51-Mev
region (Al 55a). For Q values, see S,

IV. CP%(d,n)A%® (,,=6.286
Not observed.

V. CB8(8~)A% See CI3¢

VI. K¥(p,a)A% Q,=1.282

Magnetic analysis at E,=1.9 Mev, ground state
0=1.267+0.020 Mev (Al 55a), while at E, between 6.0
and 7.5 Mev, 0=1.286+0.010 Mev and a level in A3®
at 1.977+0.008 Mev have been observed (Sp 55,
Sp 53b).

GENERAL REMARKS

Lowest T'=1 level in A% expected at 6.0620.06 Mev
(Wi 56a).

Z=11 TO 20

S
(not illustrated)
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I S7(8)CB Qn=4.7

Half-life, 5.04+-0.02 min. The 8~ spectrum, measured
by Al absorption, consists of two components with the
following end points and relative intensities: 4.34-0.3
Mev (109%) and 1.640.1 Mev (909%). Second com-
ponent in coincidence with a 2.74-0.2-Mev v ray (Bl 46).
Essentially same results obtained by scintillation spec-
trometer: Eg ~4.7 Mev (10%), Es,=1.6 Mev (90%),
E,=3.1 Mev. No other v ray with more than 19 in-
tensity observed (Mo 56). Energy of v ray more accu-
rately determined as 3.09+0.03 Mev, also by scintilla-
tion spectrometer (St 56a). ‘

The 8~ ground-state transition is evidently forbidden
[log ft="17.2 and log (W¢—1) ft=9.2] while transition
to 3.1-Mev level in CI*¥" is allowed (log ft=4.2).

II. S*(n,v)S* Qm=4.4
Cross section, Hu 55c.

IIT. S%(d,p)S* Qn=2.2
Not observed.

IV. CBF'(n,p)S Qum=-—3.9
Cross section, En 54a, Co 56.
V. A®(n,a)S¥ Qm=—2.3

From ionization-chamber pulse-height analysis, at
E,=14 Mev, Q= —2.540.1 Mev. Four more a-particle
groups are observed leading to S*7 levels at 1.320.05,
2.2+0.1, 2.740.1, and 3.5+0.2 Mev (Be 55a).

Cl¥
(Fig. 33)

I. CB%(n,y)CP (Q0,=10.321
Cross section, Bo 55a.

II. S$7(8-)CI¥" See S*¥

IIL. CI¥7(p,p")CI

From bombardment of natural chlorine targets with
7.0-Mev protons and magnetic analysis at §=90° and
130°, levels in CI¥” observed at 0.838, 1.728, 3.087, and
3.105 Mev, all +=0.005 Mev (En 56c). With enriched
CP" targets, magnetic analysis at E, between 4.6 and
5.6 Mev yields only one level below E,=2 Mev, at
E,=1.7134-0.010 Mev (Sc 56c).

IV. A¥(EC)CP"  See A¥

No other reactions leading to CI3” have been ob-
served. It can be reached in principle by S*(a,p)CIs
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(Qu=—3.021), S*(p,)CI" (Qn=8.4), S$*(d,n)CI

(Qn=6.2), A%(y,p)CI" (Qn=—10.234), and A®(p,a)
CP" (Qm=1.60).
A37
(Fig. 34)

I. A¥(EC)CPF" (Q,=0.815

Half-life averaged from two measurements (En 54a),
34.440.4 days. Log ft=35.0.

Shape and intensity of internal bremsstrahlung spec-
trum investigated by several authors (An 53, Em 54,
Li55b, Sa 56). Results are in agreement with theory

Tasii LI. Levels in A¥ from A3(d,p)A¥.

Author: Da 49 Zu 50
Eg (Mev): 3.4 39
Q values A3 levels Q values A3 levels
(Mev) (Mev) (Mev) (Mev)
6.5940.03 e 6.494-0.08 s
5.06+0.03 1.53 5.05+0.05 1.44
4.924+0.05 1.67
4.324-0.05 2.27
4.03+0.03 2.56 3.93+0.05 2.56
3.13 3.46 2.9540.05 3.54
2.09+0.07 4.40
1.86-0.07 4.63
1.58 5.01 1.4240.03 5.07
0.64-£0.07 5.85

AND C. M. BRAAMS

taking account of capture from P states (Gl 56). End
point is in agreement with decay energy computed from
threshold for CI¥7(p,7)A% reaction (Reaction III). De-
cay energy also obtained from recoil measurements as
827416 kev (Sn 55) and 81248 kev (Ko 54, Wi 55a,
Ru 55b). The L- to K-capture ratio measured with pro-
portional counters as 0.08 to 0.09 (Po 49a), and 0.092
#+0.010 (La 55a, La 56b). For other small effects (e.g.,
the production of double holes in K shell), Mi 54,
Wo 54a, Wi 56b.

Theoretical discussion of matrix element, Go 56b,
Gr 56c.

Upper limit of 9)X10~*¢ cm? given for the cross section
of inverse reaction CI¥(7,67)A% (Da 55, Da 56b).

II. S$*(a,n)A¥  Qn=—4.619
Observed, En 54a.

TIL. A%(n,y)AY  Q,,=8.792

Cross section, Hu SSc.

IV. A%(d,p)AY  Q,=6.567

Q values and A¥ levels obtained from deuteron bom-
bardment of argon gas enriched in A% content and
proton-energy determination by Al absorption, in
Table LI.

V. CE(p,m)A¥"  Qn=—1.598

Threshold measured as E,=1.60 Mev (Bl51),
1640+4 kev (RiS50), and 164142 kev (Sc 52a). By
nuclear emulsion technique, neutron groups found with
Q=—1.58 and —2.99 Mev corresponding to a A%
level at 1.4140.05 Mev (St 52a). By the same method,

39 63
8.792
A“u\-]
6.567
ACed-p 5.85
5.07
4.63
4.40
3.50
2.56
227- — — — /
1.746 166
Ccé*dn-o 1.46

Theesh.
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-11.832 -4819
W $*%a-n

Fic. 34.
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A% levels found at 1.40 and 1.65_Mev (Gr 50b). See
A® for resonances.

VI. A%(y,n)A%
Not observed.

Om=—11.832

VIL. K¥(d,0)A¥ (Q.,,=7.849
Observed, En 54a.

VIII. Ca®(n,0)A% Q.=1.746
Observed, En 54a.
K¥

(not illustrated)

I K¥(BHAY Q,=6.1

Half-life=1.32-0.1 sec (La 48), 1.24-0.2 sec (Bo 51),
and 1.2 sec (Su56). The B* end point measured by
scintillation spectrometer as 4.572+0.13 Mev (Bo 51),
and 5.060.11 Mev (Ki 54b), and by magnetic spec-
trometer as 5.1 Mev (Su 56). Log ft=3.6.

II. A%(p)K¥ Q,=1.9

No resonances found in bombardments with protons
of 0.5<E,<1.8 Mev of targets containing separated
A% (Br 48a).

III. A%(d,n)K¥ Q,,=—0.3
Not observed.

IV. Ca®(p,)K¥ Q,=—35.2
Observed, Su 56.
CI38

(Fig. 35)

1. CB¥(B)A%® Q,=4.910

Best measurement of half-life yields 37.29+40.04
min (Co 50a), in good agreement with other less accu-
rate measurements (En 54a, Ma 55b).

The 8~ spectrum is complex and can be analyzed into
three branches. Two vy rays observed. Energies and
relative intensities determined by magnetic spectrom-

TasBLE LII. Beta decay of CI®.

Reference: Wa 39 Cu 40 It 41 Ho 46 La 50
Eg, (Mev) 4.99+0.06 5.2 4.81+0.05
(53%)  (53.4%)
Eg, (Mev) 270 2.774-0.05
11%) (15.8%)
Eg, (Mev) 1.08+0.06 1.19  1.1140.01
36%) (30.8%)
E,; (Mev) 215  2.19+0.03 2.15
G$71%) (53%)  (57%)
Ey, (Mev) 1.65 1.64+0.02 1.60
43%) (‘1%  (43%)

Z=11 TO 20 731
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eter in Table LII. Intensity of a potential 3.75-Mev
cross-over y ray is less than 0.03%, per B~ particle
(My 49). Shape of the high-energy 8~ spectrum and its
ft value [log ft="7.5 and log (W¢—1) ft=9.5] charac-
teristic for once-forbidden transitions (J=2, yes)
(La 50, Wu 50). The 8~ transitions to 2.15-Mev level
also forbidden (log ft=6.9) while those to 3.75-Mev
level allowed (log ft=4.9). From data given above and
from measured y-y angular correlation (Wa 41, Ki 42,
St 50, Kr 54a), spins and parities can be assigned as
shown in A38 level diagram.

II. CB'(ny)CB8 Q,,=6.107

Cross section, Hu 55c.

From thermal neutron capture in concentrated CI%7,
an isomeric state found emitting v rays of E,=660-20
kev with half-life of 1.04-0.2 sec (Sc 54).

IIL. CF'(nn)CPF  Ey=6.107

Resonances in total neutron cross section observed
with enriched material (neutron energies in kev, widths
between brackets in kev): 8.8 (0.09), 26.5 (0.33), 47.4
(0.20), 55.5 (0.18), 65.0 (0.18), and 94.2 (0.80) (To 55).

IV. CP/(d,p)CP®  (Q,=3.882

Targets containing natural Cl bombarded with
deuterons of several energies between 3.0 and 7.5
Mev. By magnetic analysis at §=90°, ground-state
0=3.88140.008 Mev, and levels in CI*® observed at
0.6724-0.005, 0.762-:0.005, 1.3124-0.006, 1.6204-0.007,
1.658-£0.007, and 1.6934-0.007 Mev. Intensity ratio of
proton groups leading to ground state and first excited



732

state is 0.4324-0.04, as measured at E;=5.6 Mev, in
agreement with spins of 2~ and 5~ respectively (Pa 55c).
Also, En 54a.

V. A®%(n,p)CI¥®  Q,,=—4.127
Not observed.

VI. A®(d,e)CB® Q,=5.49
Perhaps observed, En 54a.

VIL. K4 (n,0)CP® Q,,=—0.125
Cross section, En 54a.

GENERAL REMARKS

For pure j7 coupling, a linear relation can be derived
between excitation energies of (ds/s, f7/2) states in CI38
and those of (dss%, fr/2) states in K¥. From known
excitation energies and spins in K% one predicts a 2~
ground state in CI°8 and levels at 0.702 (57), 0.751 (37),
and 1.328 Mev (4) (Go 56a, Pa 56a), in very good
agreement with experiment. Also, Pa 57a.

Theoretical discussions of the CI*® ground-state con-
figuration, Ku 53, De 53a, Hi 54.

A38
(Fig. 36)

L CI5(a,p)A% Q,=0.840

From bombardment of enriched CI®® targets with 7.5-
Mev cyclotron « particles, and proton energy determi-
nation by Al absorption, Q=0.81+0.08 Mev, and levels
in A% observed at 2.1340.04 and 3.733-0.04 Mev
(Kr 53).
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Energies of vy rays measured by pair formation in a
B spectrometer as E,=1.740.2, 2.74-0.3, and 3.94-0.4
Mev (Ma 37, Ma 41). Also, En 54a.

TI. (a) CP(py)A®  E,=10.234
(b) CF7(pm)AY  E,=10.234 Q,,=—1.598
(¢) CF(pa)S* E,=10.234 Q,=3.021

Many resonances observed in these reactions, En 54a,
Al 55a, To 57.

Gamma-ray spectra measured at E,=1070-, 1135-
1533-, and 1725-kev resonances. First three have
2J+1)r,=9, 14, and 28 ev, respectively. Decay at
1070- and 1135-kev resonances proceeds mainly to 2.15-
and 3.75-Mev levels in A® and to a new level at about
5 Mev, decaying to ground state and 2.15-Mev level.
The 1533-kev resonance decays to 2.15- and 5-Mev
levels, while 1725-kev resonance decays mainly to a new
6.7-Mev level, which is de-excited to 3.75-Mev level.
The 0=10.15+0.15 Mev from vy-ray energies (To 57).

III. CI¥"(d,n)A%
Not observed.

0w=8.009

IV. CB3(8-)A%  See CIs8

V. K38(8+)A3s
VI. K¥(y,p)A® Q,=—6.389

Not observed.

VIL K4(p,a)A%  (Q,=4.002

Magnetic analysis at E,=1.9 Mev and §=90°, givés
0=4.0024-0.015 Mev (Al 55a).

See K3

GENERAL REMARKS

Theoretical discussions on low-lying excited states in
A% Ta 54, Th 56.

Kss
(not illustrated)

I. (a) K3¥(HA® Q,=5.916

Weighted average of all half-life measurements for
which errors have been given (En 54a, Gr 56), 7.62
+0.06 min.

The B+ end point measured with lens spectrometer is
2.684-0.03 Mev. Spectrum has allowed shape. Log ft
=5.0. Intensity of possible higher energy ' transitions
smaller than 0.6%, of main transition. No conversion
lines observed (Gr 56).

The 8+ decay is followed by a v ray with energy
E,=2.16-:0.03 Mev as measured by scintillation spec-
trometer (Ti 51).

Results given above limit K* spin to (2,3)*.

For jj-coupling calculation of g+ matrix element,
Gr 56c¢.

Also En 54a.
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(b) K38m(B+)A38

Half-life, 0.954-0.03 sec (St 53b) and 0.9354:0.025
sec (K1 54b).

The B+ end point measured with scintillation spec-
trometer as 5.063-0.11 Mev (Hu 54a). Possible con-
fusion with K%,

Measured end point would place isomeric state about
0.2 Mev above K38 ground state. The B+ transition is
superallowed (log ft=3.5), corresponding to a J=0%,
T=1, assignment to isomeric state. Occurrence of iso-
merism requires a spin difference with the ground state
of at least 3; which determines K38 ground state as 3+.
Theoretical discussions concerning the isobaric spin of
levels in K38 see Mo 54, Ta 54, Wi S6a.

II. CP¥%(e,n)K3*® Q,=—5.859
Observed, En 54a.

II1. A%(p,n)K3® Q,,=—6.699
Not observed.

IV. K¥(ym)K*  Q,=—13.088

Threshold for production of 7.6-min activity, 13.2
+0.2 Mev (Mc49), and 13.00 Mev (De 55). Cross
section, En 54a.

V. Ca®(d,0)K® (,,=4.651

Q value of transition to lowest T'=0 state=4.650
+0.010 Mev by magnetic analysis at §=90° and at
several deuteron energies up to 7 Mev. Level observed
with 0=4.20+£0.01 Mev (Br 56f). Observed excited
state has also very probably T=0.

CI3®
(not illustrated)

I CB(B)A® Q,=3.44

Half-life, 55.54-0.2 min (Ha 50a) and 56.5 min
(Ru 52).

Beta decay is complex. By magnetic spectrometer,
three branches observed with following end points and
relative intensities: 3.454-0.02 Mev (72=29), 2.18 Mev
(8+4%), and 1.91+0.02 Mev (85+6%). Shape_ of
high-energy branch characteristic of unique, once-
forbidden transition (AJ=2, yes). By scintillation
spectrometer, three vy rays observed with following
energies and relative intensities: E, =0.246=£0.003
Mev (0.9:£0.1), E,,=1.266=-0.010 Mev (1), E.,=1.520
=+0.010 Mev (0.8530.05). Upper limits of 2.1X1073,
1.6XX107%, and 3.2)X10~ for conversion coefficients of
Y1, v2, and s, respectively. Coincidences observed of
v1 with s, while 3 is not coincident with v;, nor with
7v2. The 8~ spectrum, coincident with v, v,, and v; has
an end point at 1.904-0.05 Mev.

The -y coincidences delayed; half-life, (9.54-0.5)
X107 sec.
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Log ft for 8~ transitions to A® (0), (1.27), and (1.52)
=8.3, 6.8, and 5.6, respectively.

All data in agreement with assignments of 3/2* to
CI* ground state, and of 7/2—, (3/2, 5/2)~, and 3/2% to
A% ground state and to levels at 1.27 and 1.52 Mev,
respectively (Pe 56). ,

For jj-coupling computation of the 3~ matrix element,
Gr 56c.

Also, En 54a.

II. S%(a,p)Cl® Q,=-—5.7
Observed, En 54a.

TIT. A®(,p)CI®  Q,=—12.50

Threshold, 14.2++0.2 Mev (Ha 50a). This value prob-
ably too high because no correction applied for penetra-
tion of proton through Coulomb barrier. Q value also
measured at E,=17.6 Mev from proportional counter
pulse-height analysis as —10.84-0.1 Mev. A second
proton group may be present leading to a CI*® level at
about 1 Mev (Wi 51).

Cross sections, Mc 54a, Sp 55a.

A3?
(Fig. 37)

I A®(B)K® (,=0.565

Half-life, 2654-30 yr (Ze 52).

The 8~ spectrum end point is determined by lens
spectrometer as 56545 kev. Shape of spectrum is
unique first forbidden (AJ=2, yes) which agrees with
the high f# value (log ft=9.9 and log(Ws*—1) ft=10.4)
(Br 50). No « rays observed (Br 50, An 52).

II. A®¥(n,v)A¥® Q,=6.607
Cross section, Hu 55c.

18.384
K rd-o
55
2.5
P13.45(7%) pi
S2.18(8 %) P 152 _3_*
/5 19185 %) A 157 T
A !2 (% %7
0.338 T 7= 0.218
2 - P
Ca*3n-« £ K39+n—p
Thresh. A0 05630565 3+
9.85 o 2
-3.1 = K®
s*%a-n
-9.84
hao, Y-n
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III. CI®(8-)A%® See CI®

IV. K¥(n,p)A¥ Q,,=0.218

A KI scintillation crystal bombarded with 2.0-5.5
Mev neutrons; from pulse-height analysis, proton groups
observed leading to A® levels at 1.244-0.05 and 2.46
#+0.1 Mev, if ground-state 0=0.20 Mev is assumed
(Sc 56a).

V. A%(y,m)A¥® Q,=—9.84
Threshold, 9.854+£0.15 Mev (Ha 54). Cross section,
Fe 54, Mc 54a.

VI. The following reactions leading to A® have not
been observed: S$%%(a,7)A%® (Qn=—3.1), A%®(d,p)A®

(On=4.382), K4(d,)A® (0,=8.384), Ca®(n,a)A¥
(Qm=0.338).

K39

(Fig. 38)

L A%(a,p)K® Q,=—1.282

At E,=7.4 Mev, with enriched targets and proton
detection with nuclear emulsions, Q=—1.28+0.03,
—3.78+0.06, and —4.154-0.04 Mev, corresponding to
transitions to K* ground state and to levels at 2.50 and
2.87 Mev (Sc 56b).

II. (a) A®(p,7)K®* Q,=6.389
(b) A®(dm)K*® Q,=4.164

Not observed.

7.5
1\70 ALL LEVELS 2+ 6.8
2 39
6.389 Ca
2.4 A”#P
} 2moe?
5.24
4.93
4.74 - |
Z 51468
.0 ————
4.47
38, 394
A +d-n 3.88°
360 /f 610
74
3.02
2.82
2.53
P
%" 0.120
42
Ca +p~oX
39
K
-8.331
f 40 .
Ca +x-p
Fic. 38.
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TII. A®(-)K®
IV. K®(p,p")K®

By magnetic analysis at several angles of observation
and at several proton energies up to 7.5 Mev, K* levels
observed at 2.526, 2.819, 3.018, 3.600, 3.880, 3.936,
4.080, 4.091, 4.121, 4.472, 4.512, 4.679, 4.735, 4.928,
and 5.238 Mev, all 40.010 Mev (Sp 55, Sp 55b).
Absence of levels below E,=2 Mev has been confirmed
(Sc 56¢).

See A%

V. Ca®(B)K® See Ca®

VI. Ca®(y, p)K*¥ (Q.=—8.331
Cross section, Jo 55, Mo S5a.

VIL. Ca2(p0)K¥® (,,=0.120

By magnetic analysis at §=90° and E,=6.5 and 7.4
Mev, the ground-state Q=0.1184-0.005 Mev (Br 56f).

Ca®?
(not illustrated)

I. Ca®(BH)K® (Q.,.=6.8

Half-life averaged from four measurements, (En 54a,
K1 54b) 0.93+0.03 sec.

The 8+ end point, determined by scintillation spec-
trometer, =6.10-£0.15 Mev (Hu 54) and by Al absorp-
tion=6.720.5 Mev (Br 53).

Log ft=3.7.

II. A%(an)Ca® Q,=-—8.9
Not observed.

III. K¥(pm)Ca® Qn=—17.6
Not observed.

IV. Ca®(y,m)Ca® Qn=-—15.9

Threshold, 15.84£0.1 Mev (Su 53), 15.9+0.4 Mev
(Mc 49), and 16.0-£0.3 Mev (Be 47).
Cross section, En 54a, Go 54a, Mo 55a.

Cl40
(not illustrated)

I. CI°(B)A® Qn=7.5

Half-life, 1.4 min. The 8~ spectrum investigated with
a scintillation spectrometer ; end point, 7.5 Mev. Strong
B~ transition with end point between 3.0 and 3.5 Mev
also present. Gamma rays of 1.46, 2.75, and 6.0 Mev
observed; first two have about equal intensities. Data
suggest decay scheme as in Fig. 39. Compatible with
assignment of 2~ to CI% and 0%, 2+, and 1~ to ground
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state and levels at 1.46 and 6.0 Mev of A%, respec-
tively (Mo 56b).

II. A®(n,p)Cl® Q,.=—6.7
Observed, Mo 56b.

A40

(Fig. 39)
I A%(e,¢')A®

Magnetic analysis of scattering of 187-Mev electrons
shows levels at 1.46 and 2.4 Mev; angular distributions
also measured (He 56).

II. A®(p,p")A®

Inelastic scattering of protons by A% investigated
with 9.5-Mev cyclotron protons and nuclear emulsions
for detection of scattered protons. Levels found at
1.48+0.02 Mev (Fr 54), and at 1.48+0.02, 2.22+0.04,
(2.66), 3.124-0.03, 3.80:0.03, (4.40), 4.50-£0.05, and
4.98+0.05 Mev (Va 56e). Angular distributions of
elastically and inelastically scattered protons, (He 47,
Fr 54, Hi 55, Bu 56a, Hi 56, Va 56e).
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III. A®(a,0/)A%

Scattering of 19-Mev « particles by argon and angular
distributions of groups leading to ground state and to
1.46-Mev level, (Bl 56a).

IV. K9(EC)A® See K

V. Following reactions leading to A* not observed:

CIF(,p) A® (Qm=—1.61), Ki(y,p)A® (Qp=—7.84),
and Ca® (#,6) A (Q=2.25).

K4
(Fig. 40)

I. K®(EC)A® Q,,=1.48
K9(8)Ca® (,=1.319

Most accurate measurement of number of 3~ par-
ticles emitted per sec per g of potassium yields 27.50
40.25 (Mc 56), in excellent agreement with weighted
average, 27.44-0.6, of other, less accurate, measure-
ments (En 54a, He 54a, Su 55, Ko 55).

Measurements of 3~ end point (En 54a, Ko 55) yield
weighted average of 1.3284-0.010 Mev; log ft=18.1,

n
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and shape of spectrum is unique third forbidden
(En 54a, Ko 55), in agreement with assignment of
J=4to K® (see Ra 53) and J=0% to Ca®.

Measurement with lowest stated error of number of
v quanta emitted per sec per g of potassium yields
2.960.04 (Su 55), while weighted average of six less
accurate results (Gl 47, Ah48, Fa 50, Ho 50, Bu 53,
Ba 55b) is 3.424-0.06. This discrepancy discussed
below.

Measurements of vy energy (En 54a, Me 56) yield a
weighted average of 1.46240.005 Mev. The K*—Ca®
and K% — A% mass differences determined mass-spectro-
scopically as 1.304-0.07 and 1.49+4-0.07 Mev, respec-
tively (Jo 52a), indicating that v ray must follow elec-
tron capture. This confirmed by independent experi-
ments (see under A® and Ca?) which show that A%
has excited state at 1.4840.02 Mev, and that first
excited state of Ca% is at 3.35 Mev. Coincidences be-
tween vy quanta and Auger electrons also confirm assign-
ment of y ray to A¥(Pa 52, Pa 52a).

Most accurate direct measurements of ratio of num-
ber of vy quanta to number of electrons yield 0.124
4+0.002 and 0.12120.004 (Mc 56); less accurate meas-
urements (En 54a) were lower. Adopting 0.123=4-0.002,
and combining this with adopted value of 27.5+0.2 for
number of 3~ particles emitted per sec per g of potas-
sium, gives emission rate of 3.384-0.07 v quanta per
sec per g of potassium, in good agreement with all
except one of direct determinations of this number (see
above). Errors involved in the thick-source method,
devised especially for routine measurements, amount to
five to ten 9 (Su55), so the discrepancy between
quoted result of 2.964-0.04 and value of 3.384:0.05
which we adopt is not as serious as would appear from
the stated errors.

Ratio of number of electron captures over number of
B~ emissions given as 0.135:£0.040 (Sa 50a, also
En 54a) ; not clear, however, whether L capture could
have been detected with same efficiency as K capture
in this experiment, in which Auger electrons were de-
tected with a G-M counter. Number of K captures per
sec per g of potassium measured with a proportional
counter as 1.424-0.23 (He 54), indicating a ratio of L
captures over K captures of approximately 1.4.

Upper limits for rate of positron emission determined
by comparison of intensity of annihilation radiation
with that of 1.46-Mev v radiation or B~ radiation
(En 54a). Appears well established that less than
0.059, of the K% decay goes by positron emission to A
ground state. Since approximately 1.48 Mev is available
for positron decay, ratio of K captures to ground state
over positron emissions is expected to be about 200
(Mo 51a). It is not excluded, therefore, that an appreci-
able fraction of decay to A% goes by electron capture
directly to ground state. Results on total yield of K
Auger electrons (see above), as well as geochemical
measurements (see below), show that this fraction can-
not be very large, however. This conclusion supported

M. ENDT AND C. M. BRAAMS

by theoretical arguments: the ft for 8+ and 8~ transi-
tions to ground states of A% and Ca?® expected to be
same, hence, intensity ratio of 8t and B~ transitions
expected to be of order of 1:10* (Mo 51a).

Measurements of amount of argon in minerals of
known age which contain potassium, and mass spec-
trometer studies of relative amounts of A%, K% and
Ca® in such minerals (En 54a, Sh 54a, Wa 55¢, We 56)
yield values for electron capture to 8~ emission branch-
ing ratio which generally come out lower than value
deduced from counting experiments (however, In 50).
Recent review of geochemical experiments (We 56),
however, shows several older determinations need up-
ward revision and that geological evidence gives a
branching ratio of 0.1172£0.015, in good agreement with
value, 0.1232£0.002, deduced from counting experi-
ments on assuming every electron capture is followed
by a 1.46-Mev « transition.

Foregoing discussions may be summarized as follows:
it is definitely established that K* decays by 1.33-Mev
B~ transition to ground state of Ca® and by electron
capture to first excited state of A%, which in turn decays
to ground state by a 1.46-Mev + transition. Ratio of 8~
emissions to v emissions.is 89.0 to 11.0. It is not ex-
cluded that a few 9, of the decays go by electron
capture directly to ground state of A¥; y-emission rate
of 119, of total decay rate, therefore, sets only a lower
limit for rate of decay to A%,

Abundance of K% in natural potassium is (1.178
+0.004) X 10~ (Ni 50, Re 52a, Re 56¢), from which
follow the decay constants A\g—=(4.7824-0.04)X 107
yr! and Ag¢> (5.884:0.09) X107 yr!, partial half-
lives 75~=(1.44940.013)X10° yr and 7pc<(1.18
40.02) X 10" yr, and total half-life =< (1.2914-0.013)
X10° yr.

Other reviews of K% decay, We 56, Sh 57.

II. CP¥(am)K® Qn=—3.877

Work with a particles from radioactive sources,
En 54a.

TIL. K*(n,7)K®  Q,=17.795

Thermal neutron absorption cross section of natural
potassium is 1.972-0.06 b; the isotopic cross section of
K*, K% and K% are 1.8740.15, 702420, and 1.19
4+0.10 b, and their abundances 93.1, 0.012, and 6.9,
respectively, so that approximately 95%, of the thermal
neutron captures in natural potassium should occur in
K3 (Hu 55¢).

Energies and intensities of vy rays resulting from the
capture of thermal neutrons in natural potassium in
Table LIII. Assignments of vy rays 4” and 4’ to K*
based upon experiments with potassium enriched in
K%, Energy of C corresponds with neutron binding
energy of K%. Lines B and D go to ground state and
second excited state of K%, while % and ¢ fit between
low-lying levels of K%; several others must be assigned
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TaBire LIII. Gamma rays from thermal neutron
capture in potassium.

Reference: Ki 52, Ba 53 Ad 56
Method: Pair spectrometer Compton spectrometer
Inten- Inten- Final
Line Ey (Mev) sity » Evy (Mev) sity ® nucleus
A" 9.39 +0.06 (0.02) K4
A’ 8.45 +0.02 (0.1) K4
B 7.7574£0.008 (3.5) 7.763+0.010 (44) K%
C 7.34 +0.02 (0.1) 7.32 40.03 (0.2) K=
D 6.9944+-0.007 (1.3) 7.000+0.015 (1.6) K%
E 6.31 +0.06 0.3)
F 5.74040.012  (6) 5.725+£0.015 (11) K
F' 5.66 +0.02 (4  (5.65 £0.03)  (3)
F” 5.50 +0.02 (2.5)
G 538 +£0.03  (6) 540 +£0.02  (6.4)
G 518 +£0.02 (2) 525 +£0.05 (2.5
H 506 £002  (3) 502 +£0.03 (4.5
H 4.81 +0.04 (1.5)
H"” 4.70 +0.03 (1)
u" 4.50 +0.04 (1)
I 4.39 +0.03 4) 4.39 +0.02 (5)
T 4.18 +0.05 (6) 4.11 +0.03 (4)
K 3.92 2005 (5)  3.97 +£003  (5)
K’ 3.81 +0.05 (2)
L 3.67 +0.05 8) 3.70 £0.03 4)
Br 56
u Two-crystal scint.  3.60 +£0.03  (4)
N spectrometer 3.55 +0.05 (2)
0 345 £005 (8)  3.40 +£0.05  (4)
P (3.15 £0.05) (1.5)
0 3.05 £0.03  (3)
R 2.80 £0.03  (6)  2.75 +0.04 (4
S (2.60 £0.04) (4)
T (2.55 +£0.03) (4)
U (242 +0.03) (4)
14 (2.37 £0.03) (2)
w (2.30 +0.03) (3)
X 2.06 +0.01 9) Ko
Y 2.03 £0.03 (13) 2.02 £0.02 (7) Ku
zZ 1.95 +0.02 (4)
a 1.85 +0.02 3)
b 1.75 +0.02 3)
c 1.61 +0.03 (5) 1.61 +0.01 (13) K4
d 1.51 +0.01 (5)
e 1.40 +£0.02 (2)
f 127 £002  (2)
g 1.19 +0.03 (8) 1.18 +0.02 (7) K%
h 0.90 +0.02 (2) K
7 0.77 £0.03 (24) 0.77 £0.01  (26) K#%
7 0.625+0.010 (3)

» In photons per 100 captures in natural potassium.

to K% because of intensities. Further experiments on
K®(d,p)K? reaction are necessary for determination of
energy levels of K%, without which it is impossible to
to make unambiguous assignments of other v rays.
Proposed level scheme which accounts for several of
observed v transitions, Ad 56.

IV. K¥(n,n)K® E,=7.795

Cross sections, Hu 55c, Jo 55a, To 55; nine reso-
nances found at neutron energies below 110 kev (To 55),
several more above 110 kev (Hu 55c¢).

V. K#(d,p)K® (,=5.570

Ground-state Q value=>5.5064+-0.010 Mev by mag-
netic analysis at Eq from 4.8 to 5.7 Mev; excited states
found at 0.0324-0.002, 0.800+0.010, and 0.8934-0.010
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Mev (Bu 53a). With range measurements at E;=3.9
Mev, partly resolved levels found at 2.0120.03, 2.56
+0.05, and 3.3, 3.7, (4.2), and 4.8, all +0.1 Mev
(Sa 50).

VI. A%(p,n)K® Q,,=—2.266
Threshold of E,=2.4 Mev, (Ri 48).

VIL Ca®(n,p7)K® Qn=—0.536

Gamma rays of 0.03040.002, 0.76740.007, and
0.877+0.017 Mev found from bombardment of calcium
with 4-Mev neutrons. They represent transitions in
K% from (1) to (0), from (2) to (1), and from (3) to
(0) or (1), respectively (Da 56c).

VIIL. K% (y,n)K® Q,=—10.109
Not observed.

IX. Ca2(d,0)K® (,,=5.690
Not observed.

X. Ca®(p,0)K® (Q,=—0.018

Ground-state Q value= —0.0144-0.008 Mev by mag-
netic analysis at E,=6.5 and 7.0 Mev. Groups of «
particles leading to first three excited states of K%
observed (Br 56f).

GENERAL REMARKS

Ground state of K% has /=4 (Ra 53). Together with
first three excited states, it forms a multiplet with spins
4, 37, 27, and 57, resulting from coupling of a fy/»
neutron with a ds/; proton hole (En 54a). See under
CI%8, general remarks, for discussion of a relation be-
tween excitation energies in CI¥® and K% based on
77 coupling. Theoretical discussions of K# ground state
configuration, Ku 53, De 53a, Hi 54, Ma 54, Sc 54c,
Ta 54a, Pa 56a, Pa 57a.

Ca40
(Fig. 41)

I. K¥(d,n)Ca®
Not observed.

0w=6.106

II. K®(p,y)Ca® Q,,=8.331

Yield curve measured in region 0.5-1.15 Mev, show-
ing resonances at E,=0.883, 0.925, 0.980, and 1.150
Mev, all 410 kev (De 57), and in region 0.8-1.8 Mev,
showing resonances at 1.120, 1.300, 1.338, and 1.566
Mev, all =5 kev (To 57). First four resonances decay
mainly to ground state; at 1.150-Mev resonance, a
direct ground-state transition and cascades through the
3.35- and 3.73-Mev levels are found. Angular distribu-
tion of 9.29-Mev v ray indicates this is an E1 transition.
High-energy v rays at 1.150-Mev resonance measured
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with a three-crystal pair spectrometer, indicating
0=8.1740.03 Mev, (De 57).

The 1120-, 1300-, and 1566-kev resonances decay with
strong ground-state transitions, weak transitions to
lowest three levels [those to (2) and (3) unresolved],
and perhaps transitions to level (4). The 1338-kev reso-
nance decays to level (2) and (3). Angular distribution
measurements yield /=1 to the 1120- and 1300-kev
resonances, (To 57).

III. K9(8-)Ca® See K%

IV. Ca%(e,e’)Ca%

Magnetic analysis of scattering of 183-Mev electrons
by calcium shows unresolved group leading to levels
at 3.73 and 3.90 Mev, also elastically scattered elec-
trons. Angular distributions giving charge distribution,
(Ha 56b). Inelastic group leads to 3.73-Mev level, which
probably has J=3- (He 56).

P. M. ENDT AND C. M. BRAAMS

TaBLE LIV. Excited states of Ca® (energy in Mev) from
Ca®(p,p’)Ca® (Br 56b).

3.348+0.004 5.2024-0.008 5.6214-0.008
3.7304-0.004 5.2414+0.006 5.901+0.008
3.9004-0.004 5.272+0.006 6.0294-0.008
4.483-4-0.005 5.6060.008

V. Ca®(n,n")Ca®

Gamma rays of 3.7420.04 and 3.94-0.1 Mev, in
addition to annihilation radiation, result from inelastic
scattering of 4-Mev neutrons by calcium. Threshold for
production of positrons is E,=3.362£0.05 Mev (c.m.),
showing that first excited state decays by pair emission
(Da 56c¢). Half-life of this state measured with a pulsed
neutron source; preliminary value of 1.4X107° sec
obtained, (Kl 57). Elastic neutron scattering, We 56a,
Cu 56.

VL. Ca®(p,p')Ca®

Magnetic analysis of inelastic scattering of 6- to 8-
Mev protons by Ca® shows excited states in Table LIV
(Br 56b). With a magnetic spectrometer, 3.35-Mev level
found to decay by pair emission; no vy ray found.
Hence, its spin and parity must be 0t (Be 55b).

Angular distribution of an unresolved proton group
to levels at 3.73 and 3.90 Mev, taken at E,=7.7 Mev,
nearly isotropic (Ha 52c).

VIL Sc9(8-)Ca® 0,=13.9

Half-life is 0.2240.3 sec. Maximum positron energy,
measured with a scintillation spectrometer, is 9.0-4-0.4
Mev, which, assuming a branching of 1009, gives
log ft=4.1. A v ray of 3.75+0.04 Mev, as measured
with a scintillation spectrometer, accompanies the decay
(G155). Possibility that a 5-Mev super-allowed g+
branch leads to lowest =1 state, expected at 7.5 Mev,
not excluded by experimental data (Bo 55). No delayed
a particles observed (Gl 55). Theoretical discussion of
position of T'=1 states in self-conjugated nuclei, Wi 56a.

A4
(Fig. 42)

I A4(B)K" Qn=2.524

Half-life averaged from four measurements (En 54a,
Ha 51d) is 109.640.4 min. Also An 54.

The B~ decay proceeds by two branches. End point
of ground-state transition measured by magnetic spec-
trometer as 2.484-0.04 Mev (intensity 0.889,) which
yields log ft=8.5 and log(Ws—1) ft=10.0. Shape of
spectrum is unique once-forbidden (AJ =2, yes) (Sc 56).
End point of main branch measured by magnetic spec-
trometer as 1.19940.008 Mev (Sc 56), and 1.245+0.005
Mev (Br 50c). Spectrum has allowed shape. Log ft=35.1.
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Energy of v ray following main 8~ branch measured by
scintillation spectrometer as 1.298+0.010 Mev (X1 55),
and 1.2904-0.005 Mev (Sc 56).

By B-y delayed coincidence measurements half-life
of 1.3-Mev level in K is established as (6.724-0.5)X10~*
sec (El52a) and 6.6X107? sec (En 53) which agrees
with theoretical value for M2 transitions.

Also En 54a.

For jj-coupling computation of 8~ matrix element,
Gr 56c¢.

II. (a) A®(n,y)A" E;=6.10
" (b) A®(n,m)A® E,=6.10
Cross section, Hu S5c.

III. A*(d,p)AY Q,=3.88

Results of Q-value and angular distribution measure-
ments in Table LV. At E4=3.9 Mev, by Al absorption,

TABLE LV. The A%(d,p) A" reaction.

Reference: Da 49 Gi 52 Bu 56d
Eq (Mev): 3.4 7.8 8.5
Method: Al abs. Nucl. emuls. Magn, anal.
Qo (Mev): 3.844-0.03 3.90+0.08 EERL]
E; (Mev) E; (Mev) In E; (Mev) Ia
0 3 0 3
0.66+0.05*  0.504-0.08 » 0.574+0.05 1
1.214-0.04 # 1.1140.1
1.344-0.042 1.344-0.08* 0, (1) 1.39+0.05 1
1.944-0.04 2 1.9340.1
2.2740.052 2.46+£0.05 1
2.8040.05 2 2.7940.05 1
3.294-0.03 = 3.01+£0.05 1
3.694+0.05 = 3.36£0.05 1
4.014+0.052 3.98+0.05 1

s In original paper errors were only assigned to Q values. Same errors
have been used here for the corresponding excitation energies.
b A ground-state Q value of 3.90 Mev is assumed.

Z=11 TO 20 739

ground-state Q value=3.804-0.06 Mev (Sa 49). Theo-
retical analysis of A% levels, Ra 56a.
Also Fu 54, Fr 55, En 54a.

IV. K& (n,p)A% Q,=—1.742
Cross section, En 54a.

V. Ca¥(n,0)A% Qn=—2.795
Not observed.
K4
(Fig. 43)

I A%(py)K# Q,=7.84

Thin targets enriched in A® content bombarded with
protons from 0.5 to 1.8 Mev. Resonances in y-ray yield
found (Br 48a) at

E, 900 1050 1080 1100 1235 kev
Rel. int. 0.2 0.4 0.5 1.0 0.5
II. A9(dm)K" Q,,=5.62

Neutron detection with a double proportional
counter, at E4=3.2 Mev, gives ground-state Q value
=5.9740.25 Mev and levels at 1.34+0.15¥3.10, and
4.0 Mev (Wo 50).

L K9(ny)KL Q,=10.109

Cross section, Hu 55c.

Two v rays A" and A’ of Table LIIT produced by
neutron capture in potassium assigned to K% on ac-
count of their energies and from experiments with
targets enriched in K%. If originating from the captur-
ing state, they would proceed to K levels at 0.72 and
1.66 Mev (Ba 53, Ki 52).
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IV. A%(B)K%  See A%

V. Ca#(EC)K#" See Ca"

VI. Ca%(p0)K* Q,=—1.054

By magnetic analysis at §=90°, E,=6.5 and 7.4
Mev, ground-state Q value=—1.05740.010 Mev
(Br 56f).

VII. Following reactions leading to K* have not
been observed : A*(a,p)K% (0= —4.002), Ca?(y,p)K4
(Qm=—10.271), Ca®(d,0) K* (Q.n=7.866).

Ca4l
(Fig. 44)

I Ca'(EC)K% (Q,=0.426
Half-life is (1.120.3)X10° yr, assuming a Ca%
thermal neutron capture cross section of 0.22 b (Br S1a,
Br 53a).
II. A%(a,n)Ca
Not observed.

Om=—35.211

TIL. Ca®(n,y)Ca®  (Q,=8.364

Thermal-neutron absorption cross section of natural
calcium is 0.4340.02 b; main contributions from Ca®
and Ca®, with cross sections of 0.22+0.04 and 403 b,
and abundances of 979, and 0.649), respectively, indi-
cating that these isotopes should contribute about
equally to cross section of natural calcium (Hu 55¢).

P. M. ENDT AND C. M. BRAAMS

Energies and intensities of v rays in Table LVI. By
using enriched material it has been made probable that
lines F and F’ result from capture in Ca® (Ad 56).
Strong E1 transitions occur between the capturing state
and levels (1), (3), and (21). Of all proton groups ob-
served in Ca?(d,p)Ca® reaction, transitions to these p
states have also largest intensity (see Reaction V). Many
weaker lines could also be fitted into Ca* level scheme
but great level density prevents unique assignment.

Comparison between spectra from natural calcium
and Ca® suggests 909, of the integrated intensity of
spectrum from natural calcium must be ascribed to
Ca® (Ad 56), in disagreement with cross-section meas-
urements (see the foregoing).

IV. Ca®%(n,n)Ca® E,=8.364
Cross section, Hu 55¢, Pa 55, We 56b, Cr 55.

V. Ca®(d,p)Cat (,,=6.139

By magnetic analysis at §=90° and at several bom-
barding energies between 2.5 and 7.0 Mev, ground-state
Q value=6.14024-0.009 Mev (Br 56f, Br 56g). Levels
in Ca% in Table LVIIL. Angular distributions also meas-
ured with a high-resolution magnetic analyzer at
E;=17.0 Mev (Bo 56, Bo 56a) ; l,, assignments in Table
LVII. Transitions to Ca% ground state and to levels (1),
(3), and (21) very intense. Level density above E,=4.2
Mev increases very fast. Two groups leading to levels
at 4.76 and 5.72 Mev, both with /,=2, observed in
older low-resolution work (Ho 53c).

Also En 54a.

Discussion of reduced widths, Fu 54, Ra 56.

TaBLE LVI. Gamma rays from thermal neutron capture in natural calcium.

Reference: Ad 56 Ki 52
Method: Magn. Compton spectrometer Magn. pair spectrometer Probable transition

Line Energy (Mev) Intensity Energy (Mev) Intensity in Catt b
A 7.83+£0.05 1
B 7.43+£0.05 14
C 6.4060.015 22 6.42-+0.03 83 (80)° (e)—(1)
D 5.9044-0.030 3.8 5.89-0.03 11 (12)¢ (c)—@3)
E 5.696+4-0.030 1.2 5.660.06 3
F 5.50 +0.035 1.2 5.49£0.05 4 Ca®(n,y)Ca®
F 5.15 +0.035 0.9 Ca?(n,y)Ca®
H 4.944+0.030 2.3 4.95+40.03 8 :
I 4.7644-0.030 2.5 4.764-0.03 6
J 4.418+0.015 12.3 4.45+0.05 30 (e)—(21)
J’ 3.7620.020 1.8
L 3.60 +0.010 6.4 3.62£0.05 16
M 2.810+0.035 23.6 Br 56e
N 2.6604-0.050 220 Two-crystal scint. spectrometer (21)—(1),(2)—(0)
0] 2.004-£0.010 12.7
P 1.944-4-0.008 39 1.9340.03 45 (1)—(0)
0 1.844£0.015 6.4
R 1.7904-0.015 >3.6
S ~1.48 232 21)—@3)
T ~1.2 >4.8
U 0.5324-0.010 25 (3)—(1)
v 0.463:0.010 S9 0.48-0.05 15 (3)—(2)

a Intensities given as number of photons per 100 captures in natural calcium.
b For numbering of Ca#! levels, see Table LVII. Capturing state is denoted by (c). . X . i
o Intensities in brackets are numbers of photons per 100 captures in Ca®, recalculated with assumption that 50% of the captures in natural calcium

occur in Ca# (Ki 54a).



NUCLEAR ENERGY LEVELS, Z=11

many incompletely
resolved (n,n)
resonances

L8364 |
40
Ca+n
cDhJ

TO ALL
LEVELS

6.139

Co‘gd-p 71 419

of
&
I
I
T
oL
T
1

3.50 %&»

EXPANDED
SCALE 297.

£,:19-42 | [rgg
2.68

ol
I3

- 3

Thresh.

€,a1.25 “1 0426 44

EC
Ca P

-6.211

Ao~
-11.480

K%¥p-n

42
Ca +‘—n

F1G. 44.

VI. K4(pn)Catt (Qpn=—1.209

Threshold for neutron emission, E,=1.2540.02 Mev
(Ri 50). Resonances, En 54a.

TaBLE LVII. Levels in Ca# from Ca®(d,p)Ca® reaction.

Bo 56, Bo 56.
Reference: Br 56f, Br 56g Bo 56a Br 56f, Br 56g Bo 56a

E: (Mev) In E; (Mev) In
(0) 0 3 (13) 3.500-0.007
1) 1.947+0.004 1 (14) 3.53140.007
(2) 2.01440.005 2 (15) 3.6194-0.007 1
3) 2.469-4-0.005 1 (16) 3.6824-0.007
4) 2.5844-0.006 7) 3.736=+0.007
(5) 2.61240.006 (18) (3.836-0.007)
(6) 2.6774-0.006 0 (19) 3.85440.007
(7 2.8904-0.006 (20) 3.921-£0.007
(8) 2.9674-0.006 1 (21) 3.950-+0.007 1
9) 3.0564-0.006 (22) 3.9824-0.007
(10) 3.2064-0.006 (23) 4.023+0.007
(11) 3.375+40.007 (24) 4.10140.007
(12) 3.405-0.007 0 (25) 4.194-+0.007

TO 20 741

VIL. Sc#(gH)Ca Qn,=35.9

Half-life, 0.8740.03 sec (El41), and 0.873 sec
(Ma 52a). The B+ end point by cloud chamber is
4.9440.07 Mev (El 41). Log fi=3.4, indicating super-
allowed transition.

VIII. Ca®(y,n)Ca%
Not observed.

Om=—11.480

A%
(not illustrated)

This nucleus has been produced by successive capture
of two neutrons in A® in a nuclear reactor. Presence
detected by observation of 12.5-hr K* daughter activity
in milkings from irradiated argon gas. From the fact
that the milkings over a period of 400 days did not
show a decrease in activity of more than 20%, half-life
of A*2>3.5 yr and thermal neutron activation cross
section of A%>0.06 b (Ka 52a).

K42
(Fig. 45)

I K2(8)Ca® (,=3.528

Best measurement of half-life, 12.51640.007 hr
(Bu 53), in good agreement with other less accurate
measurements (En 54a).

The B~ spectrum is complex; 3~ and v energies and
intensities in Table LVIII. Older measurements, En 54a.
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P. M. ENDT AND C. M. BRAAMS

TasLE LVIIL The K#(8~)Ca® decay.

Reference Method Eg, (Mev) Eg, (Mev) Evy, (Mev) Evy; (Mev)

Si 47 magn. spectrom. 3.58 +0.07 (75%) 2.04 (25%) 1.51

Si47a B~y coinc. spectrom. 1.92 (16%)

Ko 54 magn. spectrom. 3.56 (81.8%)

B-y coinc. spectrom. 1.97 (18.2%) .

La 54 scint. spectrom. 1.52 (100%) 0.309 (1.5%)

Em 55 abs. 8 and v counting (10.84-0.6)%

Po 56 magn. spectrom. 3.545+0.010 1.985+0.010 2 1.53+0.01(100%) 0.3204-0.005 (0.8%)

a A third 8~ branch with ~0.25-Mev end point may be present.

Shape of high-energy B~ spectrum and ft value
(log ft="1.9 and log(W¢*—1) ft=9.7) in agreement with
a AJ=2, yes, assignment which characterizes K# as
J =27 (Si47, Sh 49, Ko 54, Po 56). Direct measurement
by magnetic resonance in atomic beam yields also J=2
(Be 53). Assignment of J=2% to 1.523-Mev level in
Ca® in agreement with fi value of low-energy 8~ branch
(Sh 49) (log ft=7.4) and with measured B-y angular
correlation (Be 50, St 51b).

No polarization found of vy rays emitted at 90° to
B rays, although some polarization is predicted from
measured ($-y angular correlation (Ha 53a).

Measurement of angular correlation of the 0.31- and
1.52-Mev v rays suggests assignments of J=0, 2, and
4 to Ca® ground state and levels at 1.523 and 1.836
Mev, respectively (Ca 54). However, intensity ratio
observed disagrees with that from more direct measure-
ments (Table LVII).

Theoretical discussion of the K* spin, De 53a, Sc 54c.

L. (a) K%(ny)K2 E,=7.526
(b) K4(n,m)K®  E,=17.526

Cross section, Hu 55¢, To S5S.

None of v rays observed from thermal neutron cap-
ture in natural potassium can be assigned to K* with
confidence.

ITL. K4(d,p)K2 Q,=5.301

At E;=3.9 Mev, from enriched target bombardment
and range analysis, ground-state Q=35.1240.10 Mev,
and levels in K observed at 0.6240.07, 1.18+0.07,
1.9740.15, and 2.294-0.07 Mev (Sa 50).

IV. Ca®2(n,p)K2 Q,,=—2.745
Cross section, En 54a.

V. Ca®(y,p)K2 Q,,=—10.678
Not observed.

VI. Ca®(d,0)K2? Qn=4.247
Observed, En 54a.

VIL. Sc%(n,0)K2 Q,=—0.415
Observed, En 54a.

Ca42
(Fig. 46)

I. K®(a,p)Ca® Qn=—0.120

At E,=8.2 Mev, from enriched target bombardments
and range analysis, ground-state Q= —0.1940.07 Mev,
and levels in Ca® observed at 1.514-0.05, 1.95+0.07,
2.2940.05, 2.594-0.07, 3.024-0.05, (3.3040.10), 3.75
+0.07, and (4.0940.10) Mev. Proton groups leading
to additional levels above 3 Mev present but not re-
solved (Sc 55). Also, En 54a.

II. K4(pm)Ca¥ E,=10.271 Qn=—1.209

Resonances (incompletely resolved), En 54a.
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III. K2(3-)Ca® See K%

IV. Ca%®(p,p’)Ca®

Magnetic analysis, at 90° and 120° and at several
bombarding energies between 6.5 and 7.0 Mev, gives
levels in Ca® at 1.52320.004, 1.8364-0.004, 2.422
#0.005, 2.7504-0.005, 3.25024-0.006, 3.297+0.006, 3.389
+0.006, 3.4424-0.006, 3.6514-0.006, 3.8834-0.007, 3.949
+0.007, and 4.043+0.007 Mev (Br 56f).

V. Sc2(8t)Ca®

A 0.624-0.05 sec B+ activity observed from bombard-
ment of natural potassium with 18-Mev a particles.
About same half-life estimated for a superallowed
0t— O transition between T'=1 states (Mo 55c). Also,
Mo 54.

VI. Following reactions leading to Ca® have not
been observed: K4 (p,y)Ca® (Q,,=10.271), K4 (d,n)Ca*
(Om=8.046), Ca®(y,m)Ca®? (Qm=-—7.923), and
Sc#(p,a)Ca®? (Qn=2.330).

GENERAL REMARKS

Computation of excitation energy of first level in
Ca®, Sc 54a, Th 56.

K43
(Fig. 47)

L K8(8)Ca® Q,=1.84

Half-life=22.4 hr (Ov49), 21.5 hr (Ru52a) and
220 hr (Li 54a).

The $~ decay is complex; 8~ and y-ray energies and
intensities in Table LIX.

Shape of 8, spectrum is unique once-forbidden (/=2,
yes) with log ft=8.7 and log(W¢*—1) ft=10.0 (Li 54a).
All v rays reported in Be 57 can be explained as transi-
tions between Ca® states at 0, 371, 591, 985, and 1373
kev. The 85~ branch given in Li54a must then be

118
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/5 0827 (76 %)
34 fa 0460 (16 %)
2
K43 A 1.394 3 s
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Tasre LIX. K#(37)Ca® decay.

Reference: Li 54a Be 57
Method : magn. spectrom, magn. spectrom. scint. spectrom.
Eg, Ey (kev) rel. int, Evy (kev) rel.int. E«y (kev) rel, int.
B~ 1839 4-30 1.6%
B2~ 1218 +£25 5.4%
B3~ 827420 83.1%
B~ 460 +20 5.4
Bs~ 243 430 4.5%
Y1 21944 2 22045 <5
Y2 36943 @ 67 371+£2sd 100 375+£5 100
s 388+2ad 14
Y4 39344 = 6 394422 16
Y6 591428d 23
ve 62746 3b 100 614442 91 61545 91

Y1 1000 £20 2. 4 100510 3.5

a Measured from external conversion spectrum.
b Also internal conversion line observed with ay~2 X107

¢ Also observed by scintillation spectrometer (Li 54a).
d From 8-y and vy-y coincidence measurements these transitions lead to
Ca® ground state (Be 57).

regarded as nonexistent. This interpretation entails
branching ratios of 6, 76, and 169, for 8~ transitions to
593-, 991-, and 1394-kev levels respectively, correspond-
ing to log ft=17.4, 5.6, and 5.3.

Conclusions regarding spins and parities in Fig. 48.

II. A%(a,p)K® Q,=—3.30

From nuclear emulsion measurements, at E,=7.4
Mev and §=90°, ground-state Q value=—23.362-0.03
Mev, and levels in K# at 0.6540.04, and 1.184-0.07
Mev (Sc 56b).

III. Ca®(n,p)K® Q.=—1.06
Not observed.

IV. Ca*(y,p)K® Q.=—12.20
Not observed.

Ca43
(Fig. 48)

L. A%(am)Ca® Qp=—2.25

Cross section, Sc 56b.
Resonances, Ca.

II. Ca®(n,y)Ca® (,=17.923

Cross section, Hu 55c.

The v rays F and F’' (Table LVI) from thermal-
neutron capture in natural calcium assigned to Ca®
(n,y)Ca® reaction (Ad 56).

TII. Ca®(d,p)Ca® (,,=5.708

Many Ca® levels observed from Ca®(p,p")Ca® also
found by magnetic analysis of this reaction (Table LX).
Ground-state Q value=5.71140.010 Mev (Br 56f,
Br 57b). Results from angular distribution measure-
ments obtained by magnetic analysis at E4=7.0 Mev
in Table LX (Bo 55b, Bo 57). Theoretical interpreta-
tion of measured angular distributions, Fr 55, Ra 56.
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TasLE LX. Levels in Ca®, and corresponding Ca®(d,p)Ca rela-
tive intensities and 7, values (Br 561, Br 57b, Bo SSb Bo 57).

Relative yield at
maximum at

Level E: (Ca8) (Mev) d Ea=17.0 Mev In
(0) 0 100 3
(1) 0.373+0.003 = <7
2) 0.5934-0.003 = 36 1
3) 0.9914-0.003 &P 14 2
4) 1.3944-0.004 =b <4
(5) 1.678+0.004 =P 10
(6) 1.9044-0.004 = > <7
(7) 1.9324-0.004 »b <7
(8) 1.95740.004 = 100 (at 10°) 0
9) 1.985+0.005 = <23

(10) 2.048-4-0.005 &b 750 1

(11) 2.0694-0.005 b <270

(12) 2.0954-0.005 <29

(13) (2.10740.005) » <23

(14) 2.225+0.005 &P <23

(15) 2.2504-0.005 =P <23

(16) 2.273+4-0.005 b <14

17) 2.409-4-0.005 =P <11

(7 (2.53)° 13 1

(18) 2.607-£0.005 &b 84 1

(19) 2.673£0.005 ® <14

(20) 2.6964-0.005 b <14

(21) 2.753£0.005 b <17

(22) 2.844+0.005 &b <17

(23) 2.880-+0.005 &P 61 1

(24) 2.9474-0.005 =P 61 1

(25) 3.02740.006 > <11

(26) 3.047-+0.006 » <11

27) 3.0740.006 ® <11

(28) 3.094-+0.006 =P <7

(29) 3.1944-0.006 » <27

(30) 3.27940.006 » <22

(31) 3.2934-0.006 » 53

(32) 3.369-0.006 P <14

(33) 3.398-0.006 » <31

(34) 3.4194-0.006 =P <31

(35) 3.584 ¢ 64 1

s Observed from Ca#(d,p)Ca®® reaction at several deuteron energies
between 2.9 and 7.0 Mev and at #=90° (Br 56f, Br §

b Observed from Ca#(p,p’)Cat® reaction at Ep =6. 5 Mev and 6= 90°,
and at Ep» =7.0 Mev and § =130° (Br 56f, Br 57b).

o Additional level observed from Ca%(d,p)Ca# reaction (Bo 57).

d Listed energies are weighted averages (where possible) of results ob-
tained from Caf2(d,p)Ca® and Cat3(p,p’)Ca® reactions.

IV. K®(B")Ca® See K®

V. Ca®(p,p')Ca®

Levels observed by magnetic analysis at E4=6.5 and
7.0 Mev, and at #=90° and 130° in Table LX (Br 56f,

Br 57b).

TasrLe LXI. Positron decay of Sc®.

Reference Method Eg+ (Mev) Eg,, (Mev) Evy (Mev)
Ha 52d magn. spectrom. 1.18+0.02 0.774+0.04 0.375-0.002
(12%) (28%)
Nu §3 scint. spectrom. 0.375 =4-0.004
(25+2)%
Li 54b magn. spectrom.  1.200.01  0.8240.02 = 0.369 =-0.005
(82%) (18%) (16%)

& Also reported in Li 54 are a B* branch of 0.39+0.03 Mev endpoint
(4%), and v rays of 0.25+0.01 Mev (1%), 0.627 4-0.005 Mev (4%), and
0.84-+0.02 Mev (weak). Existence of last two vy rays not substantiated in
later work (Va 57b).
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VI. Sc®(BH)Ca® (0,=2.202

Most accurate measurement of half-life, 3.924-0.02
hr (Hi 45), in reasonable agreement with other measure-
ments (En 54a, Li 54).

The B+ decay is complex; 8+ spectrum end points,
relative intensities, and energies of v rays in Table LXT.
Both B+ transitions are allowed : log f¢=35.1 for the 1.20
Mev branch and log ft=4.7 for the 0.82-Mev branch.

Spin of Ca® measured as J=7/2 by magnetic reso-
nance (Je53) and from. hyperfine spectra (Ke 54).
For jj-coupling computation of S+ matrix elements,
Gr 56c.

VIL. Ca®(y,n)Ca® Q,=—11.145

Cross section, En 54a.

VIII. Sc%(d,0)Ca®® (Q,,=8.038
Not observed.
IX. Ti*¢(n,0)Ca® Qum=-—0.3

Not observed.

GENERAL REMARKS

Detailed theoretical predictions of properties of Ca®
levels, as computed from known Ca® and Ca® level
schemes, Le 55.
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K&
(not illustrated)

I K#(8)Ca# Q,=6.1

Half-life, 1841 min (Wa 37), 20 min (An 54), and
22.040.5 min (Co 54).

The B~ decay is complex. By scintillation spectrom-
eter, 3~ branches observed with end points of 4.9 and
1.5 Mev, and « rays of 1.13, 2.07, 2.48, and (3.6) Mev,
together with some unresolved v rays of E,<0.5 Mev
(Co 54). Log ft of two B~ branches would be at least
7.0 and 4.7, respectively. Probable that 4.9-Mev g~
branch proceeds to first excited state in Ca%.

II. Ca%(n,p)K* Q,=—5.3
Observed, En 54a, Co 54.

II1. Ca*(d,a)K#
Not observed.

C a44
(Fig. 49)

I. A%@am)Ca® E,=8.90 Q,=-—2.25
Resonances observed with Th C’a particles, En 54a.

II. K%(a,p)Ca¥ Q,,=1.054

Bombardment of enriched targets with 7.8-Mev «
particles and range analysis, gives ground-state Q
value=0.98-4-0.10 Mev, and levels in Ca* at 1.13, 1.92,
2.28, 2.58, 2.97, and 3.17 Mev, all 4-0.05 Mev (Sc 55).

TIL. Ca®(d,p)Ca% (,,=8.920

At E;=4.2 Mev, using enriched targets and range
analysis, ground-state 0Q=9.0720.07 Mev, with Ca®
levels at 1.15 and 2.28 Mev (Sc 55). Magnetic analysis
at E4=6.0 Mev and §=90°, proton groups observed
leading to seven lowest states in Ca* from which
ground-state 0=38.913+-0.014 Mev (Br 56f).

IV. K#(3~)Ca* See K%

V. Ca*(n,n'y)Ca*

From inelastic scattering of 3.9-Mev neutrons on
natural calcium, a 1.15240.020-Mev v ray observed
with a scintillation spectrometer (Da 56¢).

VI. Ca*(p,p’)Cat
Magnetlc analysis at E,=6.5 Mev and 6=90°,
E,=7.0 Mev and 6=120° and E,=7.4 Mev and
6=90° levels in Ca* observed at 1.1563-0.004, 1.883
+0.004, 2.28440.005, 2.6554-0.005, - 3.0444-0. 005,
3.297+0.006, 3.3054-0.006, 3.3544-0.006, 3.581-+0. 006
3.656-0.006, and 3. 671i0 006 Mev (Br 56f).
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VIL (a) Sc#(8*)Ca** Qn=3.647

Most accurate measurement of half-life, 3.924-0.03
hr (Hi 45). Other measurements (En 54a) in reasonable
agreement.

The g% end point, measured by magnetic spectrom-
eter, 1.463+0.005 Mev (Br 50b), and 1.471+0.005
Mev (BI 55), yielding log f¢=>5.3. Kurie plot is straight.
For jj-coupling calculation of the 8+ matrix element,
Gr S6¢c. The g+ decay is followed by a y ray with
E,=1.159+0.003 Mev. Its conversion coefficient is
(6.34=0.3) X10~% establishing this transition as E2
(B1 55). Electron capture also occurs with an intensity
measured as 6.8+1.5%, per disintegration (Bl 55, also
La 54a). Theoretical value for an allowed transition is
5.8% (Zw 54).

A weak 2.54-+0.03-Mev + ray also observed with an
intensity of 0.52-£0.029, per disintegration. No 1.38-
Mev v ray found either in single spectrum or in spec-
trum coincident with 1.16-Mev y ray (intensity <0.5%,
per disintegration) (BI 55).

(b) Scém(y)ScH.

Most accurate measurement of half-life, 58.6--0.7 hr
(Hi 45, Ba 51). Decay to Sc* ground state through a v
ray of energy 269.3+1 kev (Sm 42) or 271.340.7 kev
(Br 50b). Total conversion coefficient 0.1394-0.003 in
agreement with that expected for an E4 transition
(BL 55).

Also, En 54a.

VIII. Following reactions leading to Ca* have not been
observed: Ca®(n,y)Ca® (Q,=11. 145), Sct5(y,p)Catt
(Qm=—06.887), and Ti*(n,a)Ca (0,,=0.6).
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K
(not illustrated)

A 34 min 4 =45 activity obtained by electromagnetic
separation of a vanadium target bombarded by 187-
Mev protons. Tentatively assigned to K% (An 54).

Ca45
(Fig. 50)

I. Ca®(8)Sc® Qn=0.256

Most accurate measurement of half-life, 163.5+4
days (De 53). Also En 54a.

The 8~ spectrum is simple, no +y rays observed. Three
magnetic spectrometer measurements of énd point in
good mutual agreement, average value, 25642 kev
(En 54a). Kurie plot is straight and log ft=35.7.

II. Ca*(n,y)Ca® Q,=7.413
Cross section, Hu 55c.

III. Ca®(d,p)Ca® (,=5.188

By magnetic analysis, at several deuteron energies
between 2.9 and 7.0 Mev and 6=90°, ground-state Q
value=5.188+0.010 Mev (Br 56f). Levels in Ca?
(Br 56f), and angular distribution measurements at
E;=7.0 Mev, also by magnetic analysis (Co 57), in
Table LXTI.

Large intensity of ground-state transition makes it
probable that Ca* ground state is a f7/2 single-neutron
state.

Theoretical remarks on the angular distributions,

Fr 55, Ralse.
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TaBLE LXII. Levels in Ca® from Ca(d,p)Ca’s.

Angle of
E; (Cat’) maximum Relative yield
Level (Mev) yield b at maximum b Inb
(0) 0 40° 100 3
(1) 0.1760.003 50° 3.0 Cee
(2) (1.0364-0.010) <11
3) 1.4324-0.004 20° 200 1
(4) (1.475+0.006) <7
(5) (1.557+0.010) <6
(6) 1.9024-0.004 20° 115 1
(7) 1.97140.004 50° 3.1 .
(8) 2.249+4-0.005 15° 190 1
9) 2.356+0.005 30° 1.7 .
(10) 2.394+0.005 <7%° 190 (at 73°) 0
(11) (2.5974-0.005) <4
(12) 2.6814-0.005 20° 3.9
(13) (2.76340.005) <8
(14) 2.8444-0.005 20° 212 (1,2)
(15) 2.950+0.005 <35
(16) 2.9704-0.005 10° 19.5
17) (3.0320.006)
(18) 3.14840.006 <5
(19) 3.2444-0.006 20° 104 1,2)
(20) 3.2960.006 <4
(21) 3.319+0.006 40° 18.9 ..
(22) 3.4194-0.006 15° 430 1,2)

s From Br 56f.
b From Co 57.

IV. Sc®(n,p)Ca® (Q,=0.527
Observed, En 54a.

V. Ca%(y,n)Ca®
Not observed.

VI Ti*(n,0)Ca%® Qp=—2.0

Cross section, En 54a.

Ca46

(not illustrated)

No reactions leading to Ca* have been observed.
Possibilities would be Ca#(t,p)Ca*® or Ti®(n,a)Ca’s.
Nor has Ca* been concentrated sufficiently to make a
study of inelastic scattering feasible.

Ca®
(not illustrated)

I. Ca¥(87)Sc¥ Qm=2.0

Half-life average from several measurements (En
54a, Ly 55, Li 56, see also Wa 55) 4.740.2 days.

The 8~ decay is complex (Table LXIII; also En 54a).
Log ft values for B, and B8, are 8.5 and 6.0 respectively.
The first is unexpectedly large for a presumably allowed
transition (also Gr 56c¢).

II. Ca®(n,y)Ca¥
Observed, En 54a,
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TasLE LXIII. Ca%(87)Sc¥.

Reference: CoS53» Ma 53 Ly 55 Li 56
Method: magn.
etho Al abs. spectrom.
magn. magn. -+scint. ~+scint.
spectrom. spectrom. spectrom. spectrom.
Eg, (Mev) 1.4 +0.1 2.06040.020> 1.93-+0.02 1.9404-0.020 b
A (40%) %) (24+6)% ({7%)
Eﬂ, (Mev) 0.46 +0.02 0.685+0.006 0.70-£0.02 0.660-:0.010 b
0%) 81%) (76 +6)% (83%)
E Mev 1.303 4-0.040 1.29 1.31 40,02 ¢
™ (Mev) (i1.2:£1.2) (13+2)
E: Mev 0.800-0.025 0.812 0.83 +0.02 ¢
72 (Mev) (1+0.1) (130.1)
Evy; (Mev) 0.495+0.015 0,50(()1) 0.48 :50).02 °

» Additional v rays of 234.0 and 149.5 kev reported in Co 53, not observed

by others. X .

b Kurie plot is straight. i L

¢ Coincidences observed between v, and v3; neither v, nor v; coincident
with v;.

IIT. Following reactions leading to Ca* have not
been reported: Ca%(d,p)Ca¥, Ca®®(y,n)Ca¥ (Qun=
—11.0), Ti*(n,a)Ca?” (Qmn=—3.5).

Cals
(not illustrated)

I. Ca®(8)Sc® Q.=0.2
Half-life> 210" yr (Jo 52). Also, En 54a.

II. Ca®(8B)Ti#® Q,=4.2

Double 8~ decay of Ca*® with half-life of (1.640.7)
X10Y yr and total kinetic energy of two electrons of
4.140.3 Mev reported (Mc 55). However, lower limit
for half-life given as 2)X10'8 yr (Aw 56).

III. Ca*(p,p")Ca®®

From magnetic analysis at E,=6.5, 7.0, and 7.4 Mev
and at several angles of observation, levels in Caf®
observed at 3.8254:0.006 and 4.4994-0.007 Mev
(Br 56f). Search for de-excitation of the first level by
internal pair formation unsuccessful (Kr 57).

Ca??
(Fig. 51)

I Ca®(8)Sc® Qn=>5.1

Half-life averaged from two measurements (Ke 56,
Ma 56a) is 8.8340.14 min.

The 8~ decay is complex (Table LXIV). Beta transi-
tions with log f¢ values of 4.9, 4.6, and 4.5 occur to
Sc® levels at 3.09, 4.05, and 4.68 Mev respectively,
which are de-excited by y-ray transitions directly to Sc#?
ground state.

IT. Ca®®(n,y)Ca® (Q,=35.1
Cross section, En 54a,
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III. Ca®(d,p)Ca® (Qn=2.9

From magnetic analysis at E4=6.5 and 7.0 Mev and
6=90°, ground-state Q value=2.9164-0.006 Mev, and
levels in Ca® found at 2.026+0.005, 3.5894-0.006,
4.004+0.007, and (4.026+£0.010) Mev (Br 56f). By
Al absorption, Q=2.8040.30 Mev (Wa 54).

Angular distribution measurements at E;=6.5 Mev,
also by magnetic analysis, show that both ground state
and first level are p states (I,=1) (Bu 54).

Atomic Mass Excesses

Atomic mass excesses used for computation of Qn
values given in the present compilation in Table LXV.

Masses of most nuclides with 4>32 are from En 57.
They were computed from Q-value chains connecting
them to S%, for which nuclide the accurate mass-
spectroscopic value was used (Qu 56a). Masses of
nuclides in the 16<A4 <32 region are obtained from
those computed by Wapstra (Wa 55a) from Q-value
measurements. However, Wapstra finds a S* mass
which is smaller by 41.7 kev than the mass-spectro-
scopic value. To obtain a smooth fit to the 4> 32 region
an appropriate correction was applied to the 4 <32
masses given by Wapstra. Of course, this correction is
small for nuclides near O, and relatively large for
nuclides near S®. In principle the correction can be
obtained from a lengthy and tedious least-squares
analysis. This was avoided by the use of a resistor net-

TaBLE LXIV. Ca®(8~)Sc*.

Reference: Ke 56 » Ma 56a b
Method: scint. spectrom. scint. spectrom.
Eg, (Mev) 1.9540.05 (88%) 2.12+0.10

Eg, (Mev) 0.9540.15 (12%) ~1.0

E,, (Mev) 3.103-0.03 (90-£2%,) 3.0740.05 (89%)
E,, (Mev) 4.05£0.05 (104-29%,) 4.04:0.06 (10%,)
E,, (Mev) 4.68-40.05 (0.384-0.1%) 4.7 0.1 (0.8%)

» Intensity of a possible 0.95-Mev v ray is <2%. No v-v coincidences
are observed.

b Intensity of ground-state 8~ transition is <1%. Intensity of a possible
0.97 Mev v ray is <3%.
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TABLE LXYV. Table of atomic mass excesses.

Nuclide M-A (Mev) Nuclide M-A (Mev)
nt 8.3675+0.0014 = Cl —1435 +0.03»
H’ 7.58454-0.0014 S8 —18.489 +0.008 4
Hz 13.7256£0.0026 = Clss —18.657 +0.008 ¢
H3 15.835 +0.005 » Ass —12.68 +0.04n
He? 15.817 +0.005 = Sse —20.04 +0.06°
Het 3.60734-0.0024 = Cle —18.870 +0.0184
Ass —19.584 +0.0184
F1o 4.147 40.006 S97 —16.1 +0.1»
Ne2 —1.137 +0.007 b CPp7 —20.824 +0.0144
Na2 142 +0.5°b A% —20.009 +0.015¢
Nezt 0.473 40.008 » K37 —139 +0.1»
Na2 3.99 +003°b Cls8 —18.564 +-0.017d
Ne2z —1.525 +0.013? Ass —23.474 +0.0324
Na2 1.315 +£0.014 b K3z —17.558 +0.0264
Ne2 1.651 £0.015° CI® —18.274 +0.026»
Na2 —2.734 +0.007® A% —21.714 +0.0214
Mg 1.325 +0.012¢ K39 —22.279 +0.0204
Nez 1.13 +£0.04¢ Ca?® —155 +0.24«
Na2 —1.323 +0.008 » Clo —15.7 +1.0~»
Mg —6.837 +0.008 > A% —23.19 +0.03~
Al 72 03P Ko —21.707 +0.0214
Na2s —1.80 +0.20* Ca% —23.026-£0.024 4
Mg2 —5.8024-0.009 © Scte —9.1 +04s
Al —1.54 +0.021 A4 —20.925+0.035 4
Mg26 —8.553+0.010 K4 —23.449-40.028 4
Al —4.53740.018 i Catt —23.023+£0.026 4
Mg?? —6.6254-0.010 » Sc#t —17.1 0.1t
A7 —9.219-4-0.007 b K2 —22.608-+0.033 4
Si27 —4.414+40.009 k Ca® —26.136+4-0.021 4
Mg —6.765-:0.022 K —23.86 £0.03»
Al —8.5754-0.009 » Ca® —25.70240.023 4
Si28 —13.223+0.009 b Sc# —23.500£0.030 4
p28 0.6 +03°P K#u —224 +03n
Al»® —9.35 +0.10° Catt —28.4804-0.026 4
Si%9 —13.330-£0.009 b Sc# —24.833£0.027 »
P2 —8.363+0.009 b Ca®s —27.5274+0.028 4
Sise —15.5724-0.010 » Sc#s —27.783+0.028 4
p —11.3084-0.012 ! Scié —28.41 +0.08¢
Sidt —13.7994-0.009 b Ti46 —30.77 +0.08
pa —15.280-£0.008 » Cat? —28.64 +0.08"
S —9.83 +0.07P Sc#? —30.59 +0.08 ¥
Si®2 —14.73 +0.05% Ti¢ —31.19 +0.08°
pa2 —14.833 +0.004 P Cat® —30.26 +0.12*
S —16.537340.0008 © Sc# —30.35 £0.09°
Cl2 —3.5 040 Tis® —34.34 +0.08 ¢
Pp3 —16.567 +0.010» Ca%? —27.04 £0.12v
S3 —16.816 =+0.008 4 Sc#o —32.09 £0.10°
CI —11.238 +0.012m™ Ti4® —34.09 +0.08¢
p3 —14.67 +0.14» Ti% —36.71 £0.08¢
S# —19.868 +0.0164
* Wa 55a.

b Wa 55a plus correction as described in text.

©Qu 56a. Note added in proof.—A recent remeasurement [Quisenberry,
Giesen, and Benson, Bull. Am. Phys. Soc. Ser. II, 2, 223 (1957)] gives
—16.5396 0.0010 Mev for the S% mass excess.

dEn 57,

e Wa 55b.

(I{"(égn;xected to Na® through a new value for the Na2(p,n)Mg# threshold
i55a).

& Connected to Na through the Ne%(8~)Na decay (Dr 56).

b Connected to Mg2s through the Na2s(8~)Mg?5 decay (Ma 55).

i Computed from the Al25(8+)Mg?5 decay (El 55), and from Mg (p,y)Al25
(Hu 55, Ag 56, Cr 56, Va 56b), which reactions yield Al? masses in good
mutual agreement.

i Values for Al?¢ mass excess computed from Si?8(d,«)A12¢ (Br 54) and
Mg26(p,n)Al2ém (Ki 55a) Q values are —4.5210.012 and —4.5583:0.014
Mev respectively, in rather serious disagreement. A weighted average has
been taken, which agrees well with measured Al26m(8+)Mg2é decay energy
(Ka 55, E155).

k Connected to Al?7 through recent measurements of Al27(p,7)Si?" thresh-
old (Ki 55a, Ma 55a).

1 Connected to S8 through S%(d,a)P3 reaction (Pa 57). P3 mass thus
obtained is in good agreement with less accurate values computed from
Po(8+)Sio0 decay (Gr 56), and from Si?(p,y)P% (Va 57), Si®(d,n)P%
(Ma 52), and P3(y,n)P3% (Sc 55a) reactions. Serious disagreement with
Q values reported in Bu 56¢ for Al?"(a,7)P%, and in Le 56b for S¥(d,a)P30
reaction.

m Connected to S8 through the S32(p,y)Cl# reaction (Va 56f).

s Connected through beta decay to nuclides listed in En 57.

o From microwave measurements yielding (S86 —S382)/(S% —S#) =1.998320
+30 (Ge 56¢).
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work, to be described elsewhere. Each resistor repre-
sents a (Q-value measurement. Its resistance is taken
proportional to the square of the experimental error of
the corresponding measurement. Resistors are soldered
to jacks representing nuclides. If an external potential
difference of 41.7 v is applied between the S% and O
jacks, the potential difference (in v) between any arbi-
trary jack and O gives the corresponding mass cor-
rection (in kev). The error to be assigned to any mass
value is obtained by measuring the resistance between
the corresponding jack and O,
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