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Beta-delayed protons have been observed from the decays of the
mass separated T, = -2 nuclides 20Mg, 24Si and 36Ca.
From these proton spectra the mass excesses of the lowest T = 2
states in the T, = -1 nuclei 20Na, 24A1 and 36K are
determined to be: 13420 + 50 keV (ZONa), 5903 + 9 keV
(?4a1) and -13168 + 22 keV (%) . The complete A = 20, 24
and 36 isospin quintets have all their members bound against
isospin allowed particle-decay modes, providing a stringent test
of the Isobaric Multiplet Mass Equation. Good agreement is
observed for all these quintets using only the quadratic form of
this equation.
rapIOACTIVITY ‘Mg, *%si, *°Ca (mass separated);
measured R-delayed protons; deduced Tl/2 and proton
branching; derived mass excesses of the lowest O+,

.20
T = 2 states in Na, 24Al and 36K; deduced

coefficients of the Isobaric Multiplet Mass Equation.
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I. INTRODUCTION

Recent progress in studies of very proton-rich nuclides
near the proton drip line has greatly been advanced by the
development of accelerators and instrumentation techniques. An
increasing component of our knowledge on exotic light nuclei is
derived from the analysis of mass separated radioactivity;l
these studies can delineate the limits of nuclear existence in
addition to providing basic information on the spectroscopy of
nuclei far from stability.

Isobaric multiplets play a significant role in predicting
masses of highly proton-rich light nuclides in addition to
contributing to our basic understanding of charge dependent
effects in nuclear forces. The masses of analog states in an
isospin multiplet are given in first order by a quadratic

relationship, introduced by Wigner in 1957, as follows2
M(A,T,T,) = a(A,T) + b(A,T) T, + c(A,T) T,2 -

This Isobaric Multiplet Mass Equation (IMME) arises via
first order perturbation theory from the assumptions that the
wave functions of the members of an isospin multiplet are
identical and that only two body forces are responsible for
charge dependent effects in nuclei. Possible deviations from
this quadratic form can be due to higher order Coulomb or other

charge dependent effects as well as to various isospin mixing
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effects (see also reference 3). These deviations are generally
represented by the additional terms d(A,T)-Ti and

e(A,T)-Ti, in which the d and e coefficients can be derived
from second order perturbation theory. These deviations can be
studied only with isospin multiplets having T = 3/2.

Extensive studies of isospin quartets have led to the
observation of excellent agreement with the quadratic form of
the IMME. However, a persistent deviation has been observed for
the lowest mass 9 quartet.3 This significant result has
partly been explained by the expansion of the least bound proton
orbit in 9C as well as by non-Coulombic charge dependent
forces;4 however, a fully satisfactory explanation has not
been given so far.

Until fairly recently experimental information on the
masses of certain members of isospin quintets was rather
1imited.3 Although mass excesses of the lowest T = 2 states
in the TZ = 0, +1 and +2, A = 4n, nucleli were well-known
starting with A=8, difficulties were associated with mass
determinations of the T = 2 states in the Tz = -1 and -2
nuclei. In only one case, the A = 8 quintet, were the mass
excesses of all the members precisely determined°5'6 A
deviation from the quadratic fofm of the IMME was observed in
these mass eight results, being at least partly attributable to

the strong Coulombic repulsion in its particle unbound members

as well as to isospin mixing in the TZ = 0 member of this
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quintet. As such, studies of higher mass quintets in which all
members are bound to isospin-allowed particle decay modes are of
particular interest.

Our research has focused on measurements of the mass
excesses of the lowest T = 2 states in the TZ = -1 members of
isospin quintets. These T = 2 states could, in ?rinciple, be
located by using the isospin conserving (3He,6He) reaction.
However, the generally nonselective population by this reaction
of both T = 1 and T = 2 states in the product nucleus limits its
use to only a few cases. Another péssible approach, adopted in
this work, is the investigation of the B+—delayed proton
decays of the TZ = -2 nuclei produced via (3He,3n) and
(3He,a3n) reactions with even Z = N target nuclides. These
g* decays are highly selective in populating the T = 2 analog
state in the daughter nucleus via a superallowed beta-decay
branch.7 However, because of simultaneous production of other
strong B+—delayed proton emitters, on-line mass analysis of
nuclides of different chemical nature and with half-lives as
short as 50 ms would be required. In order to accomplish this,
an instrument known as RAMA,8 for Recoil Atom Mass Analyzer,
was constructed and will be described below.

In this paper we report the results from studies of the

decays of the mass separated TZ = -2, A = 4n, nuclei 2OMg (ref. 9),

24, }
Si (ref. 10) and 36ca. The beta~delayed proton spectrum

for each nucleus was measured and the location of the lowest T=2
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state «in the TZ = -1 daughter nucleus was determined. Since
members of these quintets are bound against isospin allowed
particle decay, an exacting test of the quadratic Isobaric
Multiplet Mass Equation is provided.

IT. EXPERIMENTAL METHOD

Beams of 3He ions with energies from 40 to 100 MeV
produced with the Berkeley 88-inch Cyclotron were used in these
experiments. The Tz = -2 nuclei 20Mg, 24Si and 36Ca
were produced via the (3He,3n) and (3He,a3n) reactions using
targets of natural Ne, Mg and Ca. The beta-delayed proton decay
of the mass separated nuclides was detected by a silicon
‘surface-barrier detector telescope.

The recoils from the targets are thermalized in 1.3-1.5
atmospheres of helium and are collected by a multiple capillary
system (see Figs. 1 and 2). A larger single capillary is used
to transport the activity intb the hollow-cathode ion source of
the mass separator. Helium is pumped off using a large Roots
blower in conjunction with a skimmer system. Ionized recoils
are extracted from the ion source using an 18 kV potential and
are subsequently passed through a series of optical elements to
focus the extracted beam before it is mass analyzed. A velocity
filter is used ahead of the analyzing magnet to divert the
strong helium beam produced by the arc support gas and hence to
reduce any space charge problems. Typically, the total transit

time for the recoils through this system is approximately 280 ms.
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Our standard hollow-cathode ion source was used in the
2OMg and 24Si experiments while a new, but similar, ion :
source was developed for the 36Ca experiments, since our
standard source did not produce calcium in sufficient yield.
The position of the arc and the filament are inverted in the new
source (see Fig. 3) resulting in a longer and smaller diameter
plasma compared to our normal source. The higher plasma density
and longer confinement time resulted in a substantial increase
in the 36Ca and 37Ca vields.,
| A high geometry (30% of 47) silicon surface barrier
detector telescope system was developed for the detection of the
short lived TZ = =2 -beta-delayed proton precursors. The
detector configuration inéludes a 50 ug/cm2 carbon foil on
which the mass separated ion beam of interest is implanted. The
carbon foil is placed at 3 mm distance from theil,S cm diameter
AE detector, which is directly followed by a 2.3 cm E detector.
Thicknesses of AE detectors were varied from 25 to 44 pym while
the thickness of the E detector was kept at a constant value of
300 uym. A typical énergy resolution of about 55 keV KWHM was
achieved with a minimum threshold of about 1.5 MeV for detecting
protons. An additional second detector telescope was installed on
the focal plane at the next higher mass position. This provided a
very convenient way to monitor the operation of RAMA via detecting

the beta-delayed protons from the T = -3/2 nuclide of the

element of interest.
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Each telescope used a standard slow coincidence network
together with fast timing between the AE and E detectors; the
timing resolution of this TAC was typically better than
15 ns (FWHM). Multiparameter data were recorded event by event
on a Mod Comp IV Computer‘,ll The parameters of interest for
each telescope were the AE and E coincidence spectra, a TAC
spectrum and a AE anticoincidence spectrum.

The detector calibrations and the separation yields for
each element were determined using the well-known beta-
delayed proton emitters 21Mg (ref. 12), 258i (refs. 10, 13) and
37Ca (ref. 13). As examples, the spectra resulting from the
decays of 21Mg and 37Ca are shown in Figs. 4 and 5. In both of
these cases the counting rates on the focal plane were typically
between 0.5 and 2 counts/min at an average 3He beam intensity of
5 pA. Both spectra possess a pile-up effect, which occurs as a
small peak just above each major proton group. This effect is due
to the simultaneous detection of a positron in the E detector and a
proton in the telescope.

ITI. RESULTS

20y

A. Decay of g

The beta-delayed proton decay of 20Mg was studied via the
2 . .
0Ne(BHe,Bn)ZOMg reaction at 70 MeV bombarding energy using
spark chamber gas (90% Ne and 10% He) both as a target and as a

, . 20 .
transport medlum.9 After skimming, the Mg activity was fed

into our standard hollow-cathode ion source operated at
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about 1300°C. Singly-charged, mass-analyzed ion beams were then
directed onto a 2 um thick foil of aluminized polyethylene in
the focal plane; collected activity was observed by a semi-
conductor counter telescope. (In later experiments on 24Si
and 36Ca this relatively thick foil was replaced by a thinner
carbon foil.)

The proton spectrum arising from the decay of 2OMg
after bombardment for 700 mC is shown in Fig. 6. The groups at
4.16 + 0.05 and 3.95 + 0.06 MeV are attributed to the isospin
forbidden proton decay of the lowest O+, T = 2 state in 20Na
fed in the superallowed beta-decay of the O+, T = 2 ground
state of 20Mg. Allowed béta-decay to other states near this
excitation energy would lead to considerably lower intensities
in the proton spectrum. (The observed peaks cannot arise from

the possible B-delayed proton decay of 20Na since the maximum

available energy in this decay is only 0.99 MeV.) A half-life

+80
-50

branching ratio of 3 + 2% for the superallowed decay

of 95 ms was observed for these peaks resulting in a

(log ft = 3.18). The center of mass enerqgy of the more
energetic proton group taken together with the lgNe mass
excess19 yields a mass excess of 13.42 + 0.05 MeV for the
lowest 0+, T = 2 state in 20Na.

The determination of the mass excess of the TZ = -1
member in the A = 20 quintet completes the lightest quintet in

which all members of the multiplet are bound against isospin
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allowed particle decay modes., The mass values of all the
members in this quintet are given in table 1; this table
includes the fits to the second, third and fourth order
polynomials to check the validity of the Isobaric Multiplet Mass
Equation. An excellent fit (x\)2 = 0.98) is obtained by using

only the guadratic form, reflecting the insignificance of charge-

dependent mixing, unlike the results obtained in the mass 8

multiplet.,S'6
B. Decay of 24Si
24 3 .
The Mg ( He,3n) reaction was used to study the decay
24
of 81,10 Three 1.2 mg/cm2 natural Mg targets were

bombarded with a 6uA, 70 MeV 3He beam. Because of the highly
nonvolatile nature of silicon, a high temperature hollow-cathode
ion source with anode extraction was used in this experiment.
This ion source, operated at about 1800°C, produced a total
ionization efficiency of about 0.1% for Si.

| The proton spectrum arising from the decay of 24Si
after bombardment for 560 mC is shown in Fig. 7. Only one peak
in the spectrum is evident, occuring at a laboratory energy of

3914 + 9 keV. This peak, attributed to proton emission

+
following the superallowed beta~decay of the 0 , T 2 ground-

4 4
state of 2 Si, cannot arise from the decay of 2 Al or

4 s .
2 a1 collected at the same mass position, because the maximum
available proton energies in these latter decays are only 2.1

: +
and 2.5 MeV, respectively.,19 A half-life of 100 _28 ms for
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24Si was estimated by comparing the experimental relative

24 . 258' 24 24n 20

yields of Si, i, Al, Al and Na to those

calculated with the overlaid ALICE code after correcting for the

known system delay time. A branching ratio of 7 fi % was

deduced for the superallowed beta branch based on the calculated

log ft value of 3.18 and on the 24Si ground state mass,

10.782 + 0.022 MeV, measured recently by Tribble et angl
Experimental mass values for the now complete A = 24

quintet are given in Table II. The result of the most recent

measurement of the beta-delayed protons of 24Si by Ledebuhr

et al.,20 is included in this table; their experiment yielded a

'laboratory energy of 3911.2 + 3.7 keV for the proton group

de-exciting the 0+, T = 2 analog state in 24A1. The

weighted average of the proton energy, 3911.6 + 3.4 keV in the

center of mass system, taken together with the 23Mg mass

excess19 yields a mass excess of 5901.5 + 3.9 keV for the

lowest 0+, T = 2 state in 24Al° This multiplet, being the

most precisely measured quintet thus far, provides an excellent

tesﬁ of the validity of the quadratic isobaric multiplet mass

equation. All sets of IMME coefficients show no significant

deviation from the quadratic form.

C. Decay of 36Ca

The heaviest T2 = -2 nucleus studied in this work,

36Ca, was produced via the 40Ca(BHe,an) reaction at 95

MeV beam energy, using three 3 mg/cm2 natural calcium
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targets. In earlier experiments on both 37Ca and 36Ca
significant difficulties were encountered due to the very low
efficiency of our standard ion source, which had been
successfully used, for example, in the earlier 24Si
experiment. A new ion source with higher plasma density as well
as with a longer ionization region was thus constructed. With
this source, a counting rate of about 0.5 count/min for the beta-
delayed protons from 37Ca decay was observed indicating that
the effective observable cross section was approximately 5 times
lower than it was for the observation of 21Mg and 25Si if
similar ion source and He-jet efficiencies were assumed.

The 36Ca experiment was made exceptionally difficult
both by the expected very low yield and by possible interference
from beta-delayed protons from the decay of 36K° The maximum
available proton energy in the latter decay is 4.18 MeV while
the predicted energy for the proton group following the super-
allowed beta-decay of 36Ca is about 2.56 MeV, Fortunately, a
careful study of the decay of the very weak pg-delayed proton
emitter 36K‘by Eskola et al.28 is available and its spectrum
is shown in Fig. 8c. Their results show a number of
alpha-groups (shaded in the figure) as well as two proton groups
at.2458 + 10 keV and 2640 + 10 keV (shown in Figure 8c); no

evidence for proton groups between these two energies is seen,28
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Two experiments with different ion source conditions were
performed at the mass 36 position on the focal plane of the mass
separator. In both cases the yield of beta-delayed protons from
the decay of the well-known nuclide 37Ca in the counter
telescope at the next higher mass position served as a monitor.
First, to reproduce the 36K results, the ion source was
operated in a relatively cool mode to optimize production of
potassium activities relative to calcium activities. As is
shown in the beta-delayed proton spectrum presented in Fig. 8b,
good agreement with the results of Eskola et al.28 was
obtained for the proton groups in the region of interest (only
proton groups were observable in the counter telescope).

Second, the ion source was operated in a higher
temperature mode with makimum possible filament and arc power to
attempt to optimize 36Ca production relative to the potassium
yield. The beta~delayed proton spectrum from this expefiment is
shown in Fig. 8a. Note that in the left hand side of this
figure the yield of the "strong" proton group from 36K at
0.97 MeV (observed by Eskola as shown in Fig. 8c and then by us
in the experiments leading to Figs. 8b and 8a) is reduced by a
factor of v4 relative to that shown in Fig. 8b after accounting
for integrated beam in the ﬁhigh temperature" run as compared to
the "cooler" run. The data of Fig. 8a show a new proton group
at an energy of 2519 + 21 keV which we attribute to the

+ )
super-allowed beta decay of the 0 , T = 2 ground state of
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36Ca to the 0+, T = 2 state in its 36K daughter followed
by proton emission. Normal allowed beta-decay leading to other
proton emitting states would have too low a yield to be
observable under present conditions.

The observed proton energy of 2519 keV taken in the
center of mass system together with the mass19 of 35Ar
yields a value of -13168+ 22 keV for the mass excess of the
lowest 0+ (T = 2) state in 36K. A half-life of =100 ms was
deduced using the known RAMA transit time and then comparing the
experimental ratio of the yields of 3.6Ca and 37Ca with the
calculated ratio obtained with the overlaid ALICE code. The
.beta—decay branching to the 0+ (T = 2) state was taken to be
v%20% from the systematics of decays of other known Tz = =2 and
-3/2 nuclei. Figure 9 presents the decay scheme deduced for
36Ca; the total decay energy shown uses the recent mass
measurement for 36Ca by Tribble et al.21 and the 1977 Mass

Tableslg'

The determination of the mass excess of the lowest T = 2

state in 36K completes thé A 36 isospin quintet, thereby
establishing the fourth completely known quintet. Table III
gives the masses of all members of this quintet (Ref. 29-34)
together with the fits to the Isobaric Multiplet Mass Equation.
The mass excess of the TZ = 0 member 36Ar was obtained as an
average of two published values, -19377.1 + 1.6 keV30 and
-19381.6 + 1.5 keV.3l Since these numbers deviate from each

other by more than their errors would indicate, the final error
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+ 2.2 keV was calculated with the method used by the Particle
Data G;oup.35 The same procedure was also applied to the
final evaluation of the mass of the TZ = +1 member, 36Cl.
The best fit to the data is again seen to be the quadratic IMME,
although the reduced X\)2 indicates a poorer fit than that
observed in the mass 20 and 24 quintets. Four parameter fits
result in a d or an e coefficient consistent with zero. More
precise measurements of the 36Ca and 36K boints are
necessary to determine any possible significance of the non-zero
d and e coefficients found in the five parameter fit.
IV. DISCUSSION
The present study of the lowest T = 2 states in the
20 24A

- T_ = -1 nuclei Na,

” 1 and 36K together with some

other recent work on the A = 4n isospin quintets provides an
exacting test for the Isobaric Multiplet Mass Equation beyond
the well-known isospin quartets. The quintets with A = 28 and
40 have only three of theif members known; all other 2sld shell
A = 4n quintets have four or more precisely known membérso
Despite the experimental progress, very few calculations have
been made to search for possible deviations from the quadratic
form of the IMME. Shell model approaches both in an exact and
in a perturbation theory treatment have been used to estimate

the magnitude of a possible d coefficient in isospin
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quartets3 and result in values between +1 and -1 keV.4'36'37
However, the large experimental 4 coefficient observed in the
A = 9 quartet has not been fully explained either by isospin
mixing effects or by higher order Coulombic effects.

A summary of the present experimental status of the d and e
coefficients in isospin quintets is given in figure 10 (refs. 5-7,
9, 10, 38). Two fits to the mass equation including the d-Ti
or the e-Ti term in addition to the quadratic form are shown.

The purpose of this presentation is to demonstrate the possible
deviations from the basic quadratic form (nonzero d) or to extract
information about isospin mixing effects in the TZ = 0 members of
the complete quintets (nonzero e). 1In a completely known quintet
any shift in the T = 2 state of the Tz = 0 member produces a
nonzero e, but does not affect the d coefficient. Figure 10 shows
that the only significant deviations from the quadratic form are
observed in the mass 8 and mass 16 systems with the latter being
statistically less significant. In the mass 8 quintet the observed
nonzero d and e coefficients have been explained both by the strong
Coulombic repulsion in its particle-unbound members and by the
effect of isospin mixing in the TZ =0 member.5'6

Unlike the mass 8, 12 and 16 systems, the quintets with
A 2 20 have all their members bound against isospin allowed

particle decay and thus provide a more stringent check than the

lighter quintets. The overall results with these higher mass
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quintets indicate no necessity for the introduction of 4 and e
coefficients. Generally, the presently available data on
isospin quintets support the validity of the simple quadratic
mass equation and provide no evidence for substantial
higher-order charge-dependent effects in the nuclear inter-
action. For more accurate information, higher precision in the
case of each quintet would be required. However, it should be
noted that although the presence of a charge dependent nuclear
interaction may result in higher order terms in the IMME, it
also could significantly affect the value of the c-Ti
term,39 Thus studies of the IMME also involve analysis of the
b and ¢ coefficients, which are c¢losely related to the detailed
structure of the analog states.
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TABLE I. Properties of the A = 20 Isobaric
Quintet and Coefficients of the .IMME.

Nucleus T, Mass Excess E References
[MeV] [MeVv]
20
Mg -2 17.57 + 0.03 0 [14]
20
Na -1 13.42  + 0.05 6.57 + 0.005 [9]
20Ne 0 9.6908 + 0.0023 16.6908 + 0.0023 [15,16,17)
20p +1 6.503 + 0.003  6.519 + 0.003 [18]
20
“Yo +2 3.799 + 0,008 0 [19]
Coefficients for the IMME: M = a+boTZ+C°T22+d°TZ3+e-TZ4
| 2
a b c d e X 2)
\Y
9.6917(22) -3.4372(51) 0.2466(33) - -~ 1.02
9.6909(23) -3.4348(56) 0.2489(39) =-0.0022(20) - 0.77
9.6908(23) -3.4441(74) 0.2589(101) - ~0.0025(19) 0.36
9.6908(23) =-3.464(33)  0.278(34) 0.005(9) ~0.007(9) -

2 .
2) Reduced Xy = xz/v where v = the number of degrees of freedom.
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TABLE 1I. Properties of the A = 24 Isobaric
Quintet and Coefficients of the IMME.
Nucleus TZ Mass Excess Ex References
[MeV] [MeV]
24 .
Si -2 10.782 + 0.022 0 [21]
2451 -1 5.9015 + 0.0039 5.9535 + 0.0056  [10,20]
24 a) -
Mg 0 1.5014 + 0.0015 15.4320 + 0.0017 [22-25]
29Na +1 ~2.4473 + 0.0012 5.9702 + 0.0009  [27]
24 , .
Ne +2 -5.949 + 0.010 0 [19]
Coefficients for the IMME: M = a+b~Tz+c-Tzz+d-Tz3+e°Tz4
a b c d e sz b)
1.5014(14) =4.1752(18) 0.2264(19) —- - 0.86
1.5010(14) -4.1734(25) 0.2269(20) -0.0017(16) - 0.65
1.5014(15), -4.1753(19) 0.2264 (32) —_— 0.0000(10) - 1.71
1.5014(15) -4.1716(34) 0.2247(35) —0;0028(21) 0.0010(13) -
a)The mass excess value of 1505.8 + 0.9 keV, given in Ref. [26], was

not adopted here because it differs from the given average number by

as much as 4.4 keV,

2 2
v X /Vv.

b)Reoluced X
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TABLE III. Properties of the A = 36 Isobaric
Quintet and Coefficients of the IMME.

Nucleus T, Mass Excess E. References
[MeV] [MeV]
36
Ca -2 - 6.440 + 0.040 0 [29]

36y -1 -13.168 + 0.022 4.258 + 0.023  This work

36ar 0  =-19.3795 + 0.0022  10.8518 + 0.0022  [30,31]

36¢1 +1  -25.2229 + 0.0013  4.2989 + 0.0013  [34]

365 +2  -30.6659 + 0.0015 0 [19]
Coefficients for the IMME: M = a+b°TZ+c~Tzz+d-Tz3+e-Tz4

a b c d e XVZ a)

~19.3795(20) -6.0437(37) 0.2003(16) - - 1.90
~19.3801(22) ~-6.0446(40) 0.2030(46) =0.0011(17) — 3.42
~19.3795(22) ~-6.0434(74) 0.1997(92) - 0.0001(14) 3.80
~19.3795(22) -6.018(15) 0.177(15) =0.0097(50) 0.0075(41) --

a)Reduced sz = Xz/v.
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FIGURE CAPTIONS

Fig. 1. Schematic view of the on-line mass separator system,
RAMA.,

Fig. 2. The multiple target-multiple capillary system. The
length of a collection éylinder approximates the maximum
range of the recoil nuclei.

Fig. 3. The ion source developed for the 36Ca experiment.
Typically this source was run with a power of 250 V x 2 A
in the helium supported arc.

Fig. 4. A spectrum of beta-delayed protons from 122 msec 21Mg.
The lower yield peaks observed just above the major groups are
sum peaks due to the simultaneous detection of a proton with
its preceding positron.

Fig. 5. The spectrum of beta-delayed protons from 175 msec

37Ca. vSee caption to fig. 4.

Fig. 6. The spectrum of beta-delayed protons from 2OMg after
bombardment for 700 mC. This spectrum is a combination of
three separate runs. The high background at lower energies
is associated with the strong B+—delayed o~emitter 20Na°

Fig. 7. The spectrum of beta-delayed protons from 24Si after
bombardment for 560 mC. The shaded counts above the group at
3.914 MeV are sum counts due to the simultaneous detection

of a proton with its preceding positron.
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8. a) Right hand side: The spectrum of beta-delayed
protons observed in a counter telescope at the mass 36
position after bombardment for 250 mC using the maximum
ion source power. The peak at 2519 + 21 keV is assigned to
the decay of 36Ca. Left hand side: Low energy (proton)
groups observed in the telescope AE counter only.

b) Right hand side: The spectrum of beta-delayed
protons observed at the mass 36 position after bombarding
for 120 mC using the "cooler" ion source conditions. The
peaks appearing in this spectrum are assigned to the decay

of 36K

. Left hand side: Low energy (proton) groups
observed in the telescope AE counter only.

¢) Right hand side: The spectrum of beta-delayed
protons and alpha-particles (shaded) obtained in a single
counter from the aecay of 36K produced in the
36Ar(p,n) reaction at 20 MeV (see ref. 28). No protons
were observed in the ehergy interval which would interfere
with the group attributed to 36Ca decay (part a)). Left
hand side: Low energy (proton) groups observed in a single
detector.

9., A proposed decay scheme for 36Ca.

10. The d- and e-coefficients of the IMME plotted as a

function of the mass number of the quintet.
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