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EQ decay of the first excited Q' states in Mg and Si
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A new method was used to measure EO 7t-decay branching ratios. A plastic scintillator
pair spectrometer of high efficiency {3%%up) was used. It consists of four detectors. Two of
them, very thin, select the electrons; the other two, thick, help to measure their energies.
An annular counter (@ = 0.10 sr), working in coincidence with the spectrometer, allows
the selection of the 7t decay relevant to the 0+ excited state and the determination of its
population yield. The reactions 3Na(G. , p) SMg(3.58 MeV) (&) and VAl(G.', p)~ Si(3.79 MeV)(7()
have been used to study the EO & decay of the first excited 0+ state in Mg and ~ Si. Pair
spectra from the spectrometer were recorded in coincidence with protons in two-dimen-
sional arrays. From the coincidence spectra the values for I'~/I' are found to be
(5.1+0.7) x10 ~ and (2.6+0.6)x10, respectively, for Mg(3. 58 MeV) and Si(3.79 MeV).
When combined with the available lifetimes of these states, these ratios yield (I)„=(3.0
+ 0.25) fm ( 8Mg) and (1.4+ 0.2) fm (3 Si) for the monopole matrix elements.

NUCLEAR REACTIONS Na(e, P), 8 =6.44 MeV VAl(0. , P), E =3.88 MeV.
8Mg, OSi measured EO branching ratio. Deduced EO matrix elements.

Natural targets.

I. INTRODUCTION

There is no doubt that in even-even nuclei EO
matrix element measurements are important tools
in the study of nuclear structure. The EO matrix
element relevant to transitions from the first ex-
cited 0' state to the ground state are related to
the overlap of the wave functions of the two states
and to the mean configuration radii. Moreover,
if in the excited state one proton changes its prin-
cipal quantum number, the monopole operator
Q~r~' directly connects this type of configuration
to the main configuration in the other state. The
most extensive theoretical work has been done on
the EO decay in doubly magic nuclei like "0 and
~ Ca, and in "C in which the properties of the
first excited 0' state play an important astro-
physical role. '

In even-even nuclei very few EO transitions have
actually been studied. Below A =90, three princi-
pal methods were used to measure EO, 0'- 0',
transitions:
(1) In some cases the monopole internal pair emis-
sion width can be measured in (e, e'} experiments
as in "0 (Ref. 2), "C (Hefs. 3-6), and 'He (Ref. 7).
(2) Lifetime measurement methods have been
used for the first excited state where EO decay
occurs predominantly in "0 (Ref. 8), ' Ca (Refs.
9, 10), '2Ge (Ref. 11), and '0Zr (Refs. 9, 12, and

13).

(3) A powerful method was developed by the Brook-
haven group for cases where the B3 decay to the
ground state is strongly unfavored by the presence
of a y decay. " The use of an intermediate image
magnetic spectrometer in their work has allowed
measurement of EO branching ratios and matrix
elements in "Be (Ref. 16), "C (Ref. 16}, "C (Ref.
17), "Ni(Hef. 18), "Fe (Ref. 19), and "Ge (Ref.
13). This technique was also used in "0 (Ref. 20).
Sometimes EO branching ratios can be obtained
by other methods as in "Ca (Hef. 21), "Ca (Refs.
22 and 23), and "S (Ref. 24).

Except for "0, "Ca, "Ge, and "Zr, EO tran-
sitions from the first excited 0' to the ground
state are usually in competition with an E2 y
cascade via a J" = 2' intermediate state which

represents almost the total width of the excited
0' state. From the preceding articles an order
of magnitude of I', /I' can be estimated to be =10 '
however, with some exceptions. "'" One should
notice that in the 1p and 2s-1d shells, the branch-
ing ratio for EO conversion electron emission is
usually far smaller than the EO pair branching
ratio. " For example in'OCa, r.. /r„=(6.94
+0.20) x10 '." The alternative process of two

photon emission is also negligibly small.
In view of the small EO branch one has to detect

e' pairs efficiently. Furthermore, the detection
of y rays from the strong y cascade can interfere
with the detection of the pairs. Also in the usual
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presence of higher multipolarity pair production
from many levels, a high resolution (or some
other method) must be employed to identify the
pairs originating from a given level. Some of
these problems have been solved by the use of the
intermediate image spectrometer which has al-
lowed the measurement of many EO branching
ratios for A &90 nuclei.

In this work we employ a new experimental meth-
od to measure EO branching ratios. The method
is related to that of Devons' " "which has been
used extensively in Strasbourg. "" %e use two

high efficiency double coincidence plastic scintil-
lator telescopes for pair detection. A reduced
sensitivity to y-y detection was obtained by using
thin plastic scintillators to detect the electrons.
The rather poor energy resolution of the plastic
scintillators was compensated by detecting the
pairs in coincidence with the particles feeding
the 0' excited level through (particle, particle)
nuclear reactions. From bidimensional spectra
a true identification of the pairs was possible to-
gether with a normalization to the singles heavy-
particle spectra.

As will be explained in Sec. II, our measure-
ments give directly the ratio I"„/I'. The partial
EO lifetime and the corresponding EO matrix ele-
ment can be deduced from these ratios with the
knowledge of the 0 level lifetime which is avail-
able from other measurements. In this paper we
present the results of EO branching ratios mea-
surements relevant to the first excited 0' states
in "Mg and "Si formed in (a, p) nuclear reactions.

II. EXPERIMENTAL METHOD

A. Apparatus

Figure 1 shows a schematic diagram of the ex-
perimental arrangement. A small target chamber
was employed so as to have large solid angles for
the pair detection. These solid angles are defined
by the geometry of the thin plastic scintillators.
These were obtained by bending 0.2-mm-thick
NE102 foils at 100 C in an oven. The resulting
half cylindrical detectors (2.9-cm-long with a
curvature radius of 9 mm) were connected by an
optical cement onto light pipes. The light pipes
are seen by low-noise 56DVP photomultipliers.
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ATON 136

LIGHT
102

ANNU
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I'IG. 1. Schematic diagram of the experimental setup. The plastic scintillator telescopes are represented away

from the target chamber.
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Another similar set of thin detectors and light

pipes was used; it was obtained from 0.4-mm-
thick NE102A foils. The full energy plastic de-
tectors are 2.54-cm-thick X5.08-cm-diam Naton
136 scintillators coupled to 56AVP photomulti-
pliers. A half cylindrical hollow allows them to
receive the thin detectors. Each telescope is in a
separate housing (not represented in Fig. 1) which
is made light tight in front of the thin detectors
by a 0.02-mm-thick aluminum foil. Light tight-
ness between the thin and thick detectors is en-
sured by an aluminized Mylar foil. The two tele-
scopes fit around the target chamber. This cham-
ber is a 17-mm-diam-1-mm-thick stainless steel
tube which is tailored so as to present four 3-cm-
long openings in front of the telescopes. These
openings are rendered vacuum tight by a 0.08-mm-
thick copper foil (not represented in Fig. 1). The
target is placed in the middle of the chamber
perpendicular to the beam axis. One telescope
subtends the angular ranges: 6 =31 -149; (IF)

=7'-86.5', 93.5'-173', around the beam spot,
where the notations 8 and Q have the usual mean-

ing.
The quadrupole coincidences in the telescopes

are put into coincidence with pulses from a 180'
annular counter. This detector, the inclusion of
which makes for the originality of the system,
detects the particles which fed the excited 0'
state through an appropriate nuclear reaction.
In the measurements described here it was a
300-p.m-thick, 150 mm' silicon surface barrier
detector located 3.8 cm from the target. This
detector is collimated with a circular aperture
6.3 mm in diameter located at 16 mm from the

target.
Figure 2 shows the block diagram. of the asso-

ciated electronics. All photomultiplier outputs
are anode pulses. This allows the use of fast
linear gates in the proportional chains of the full

energy plastic detectors in order to avoid pulse
pileup at high counting rates. A 30 nsec gate
opening time was chosen. The busy signal from
the linear stretchers was 4 p.sec wide. The time
resolution of the fast coincidence circuits typical-
ly was chosen to be 15 nsec. The quadrupole
coincidence pulses from the telescopes started
a time-to-amplitude converter (TAC) for which

the stop pulses were taken from the annular de-
tector. A 20 nsec time window was chosen for
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FIG. 2. Block diagram of the electronics. All photomultiplier outputs are anode pulses. The fast linear gate open

time is 30 nsec. The busy signals from the linear stretcher are 4 psec wide.
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the TAC . The fivefold coincidence pulses were
used to open the gate of an Intertechnique 16000-
channel analyzer. This analyzer operating in a
two-dimensional mode was used to store the
summed energy spectrum of the pairs as a func-
tion of particle energy. At the same time the
sampled singles spectrum from the annular de-
tector was stored in the X= 0 channels. "

B. Telescope efficiency measurements

The experimental arrangement just described
directly allows measurements of the ratio of the
partial EO width to the total width of the 0' level
under study. This ratio is given by:

I w N~g /(&Q)
r

The ratio N~ /(cQ), is the number of pair-particle
coincidences divided by the total absolute pair
efficiency of the telescopes. N~ is the singles
yield of the heavy particles feeding the 0' excited
level. If one deals with EO transition energies
around 3.5 MeV which is usually the case in the
2s-id shell, it is convenient to use the almost
100% monopole decay of the 3.35 MeV level in
"Ca to measure the pair efficiency of the tele-
scopes.

The "Ca(P, P, ) resonance at E~ = 5.41 MeV was
used to populate the "Ca(3.35 MeV, 0') level.
A proton beam of typically 50 nA was delivered
by the 5.5 MV Van de Graaff onto a beam spot
whose diameter was about 1 mm. Natural calci-
um targets, 8 Opg/c m, thi ckwere made by
evaporation onto 40-gg/cm'-thick carbon backings.
A typical pair spectrum of the 3.35 MeV monopole
decay is shown in Fig. 3. It results from the
projection in the P, region of the corresponding
pair energy vs proton energy spectrum (not repre-
sented}. The fast discrimination on the electron
spectra was set at 400 keV in order to avoid pulses
from the 511 keV y-ray Compton interactions.
This threshold was also chosen in the "Mg and
"Si measurements The fa.ctor (eA}, is given
by the ratio N, ~/E~ where N, ~ is taken from a
spectrum such as shown in Fig. 3 and N~ from
the corresponding singles proton spectrum.

With the discrimination set at 400 keV, typical
pair efficiencies are 3% in the case of the tele-
scopes mounted with 0.2-mm-thick b,E detectors
and 6% for the 0.4-mm-thick ones. The efficiency
loss in the first case is due to the 81@ electron
(positron) efficiency of the nE detectors resulting
from poor light transmission to the 56DVP photo-
multipliers. Although the use of the thinner plas-
tics leads to an efficiency loss, it allows rneasure-
ments of lower energy EO transitions than do the
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FIG. 3. Pair spectrum from the decay of the
4 Ca(3.35 MeV, 0 ) state in coincidence with the pro-
tons from the 4~Ca(P, Pt) Ca reaction.

0.4-mm-thick ones, for which the counting ef-
ficiency was nearly 100/g.

For transition energies higher than the 3.35
MeV "Ca EO decay, such as those in "Mg and
"Si, the pair efficiency measured in the "Ca
case has to be corrected slightly in order to take
into account the broader electron (positron) spec-
trum. These corrections were approached by
calculating the pair efficiencies, for different
transition energies, as a function of the total en-
ergy discrimination on the e' spectra introduced
by the copper, aluminum, and NE102 (NE102A)
absorbers (see Sec. IIA) and the electronic dis-
crimination considered as a variable parameter.
The computation takes into account the theoretical
shape of the e' monopole spectra, the detection
geometry and the experimental energy resolution
and straggling from the absorbers. These later
were obtained for the whole range of e" energies
by interpolating and extrapolating from spectral
shapes measured for monoenergetic electrons
from '"Cs and '"Bi sources. The g particle at-
tenuation curves for the absorbers were assumed
to be the same as those for aluminum, "when
the curves are expressed in mg/cm'. This as-
sumption was found to be true to within 10/~ in
the case of the source measurements. The results
of the calculations are shown in Fig. 4 by the solid
lines for transition energies of 3.35, 3.58, and
3.93 MeV. In the figure the efficiencies are re-
ported in function of E,/(K/2}, where E, is the
energy threshold on the e' spectra. The ratio
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K/2 is half the kinetic energy of the pairs. Also
given in the figure are measured efficiencies for
the 3.35 MeV decay of "Ca for different discrimi-
nator settings. E, is evaluated as stated above.
The experimental energy discriminator settings
ranged from 200 to 700 keV. In the region 0.48
& E,/(K/2) & 0.6l where efficiency corrections
were made in the "Mg and "Si cases, the agree-
ment between the calculated "Ca efficiencies and
the measured ones are good. Therefore we used
the calculated efficiency curves for 3.58 and 3.79
MeV ("Mg, "Si) to get the absolute efficiencies
corresponding to a discriminator setting of 400
keV.

C. Mg(3. 58 Me V, 0')(7f ) Mg(g. s.) decay
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A checking procedure consisting of a pair ef-
ficiency measurement using the "Ca(P, p') reac-
tion (see Sec. IIB) was made before each run
under the same experimental conditions used for
other nuclei.

The reaction "Na(o, , P)"Mg was used to populate
the first excited 0' state in "Mg at F., =3.58 MeV.
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FIG. 4. Absolute pair efficiencies of the plastic
scintillator telescopes in function of Et l(Xj2). The
meaning of Et is the total energy discrimination on
the e~ spectra (see Sec. II B) and X/2 is half the kinetic
energy of the pair. The curves are calculated for
transition energies E„=3.35, 3.58, and 3.93 MeV. The
experimental points are relevant to the 3.35 MeV mono-
pole transition of 4 Ca (see Sec. IIB). (a) Results for
the telescopes with 0.2-mm-thick NE102 b E counters,
The electronical energy discriminations range from 200
to 700 keV in 100 keV steps. (b) Results for the tele-
scopes with 0.4-mm-thick NE102A 4E counters. The
discriminations range from 250 to 650 keV in 50 keV
steps.

FIG. 5. (a) Partial proton energy vs pair energy spec-
trum from Na(G, ', p) Mg(71', y) and F(e, p)+Ne(y) at
F-~ = 6.44 MeV, ~& = 175', The pair decay of the
~6Mg(3. 35 MeV, 0+) state is in region II. Events in
regions I and III are y-y interactions in the telescopes
in coincidence with protons feeding, respectively, the
2.94 MeV state in. Mg and the 3.94 MeV state in Mg
plus the 3.36 MeV state in ~~Ne. The number of counts
is indicated by size of dots. The projection of the
spectrum in (a) onto the proton energy axis is repre-
sented in Fig. 6. The projections of regions I, II, and
III onto the pair energy axis are represented, respec-
tively, in part (b), (c), and (d) of this figure. The
dashed line in part (c) is the calculated y-y contribution
from the 3.58 MeV 1.81 MeV- g.s. y-ray cascade
assuming the shape in part (d), the solid line is taken
from Fig. 3.
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A 'He" beam of typically 0.2 p, A was used to
bombard 300 pg/cm' NaF targets that had been
evaporated onto 250 pg/cm' gold backings. A
resonance in the "Na(a, p, }"Mg(3.58 MeV} reac-
tion situated at F. =6.44 MeV was chosen. The
annular counter was covered by a 30-p, m-thick
aluminum absorber which ensured that only pro-
tons were detected.

Figure 5(a} shows a part of the two-dimensional
pair energy vs proton energy spectrum, the result
of a 9 h measurement. The projection onto the
proton energy axis of this spectrum is represented
in Fig. 6(b) together with the associated direct
1/32 sampled singles proton spectrum [Fig. 6(a}].
The ground state pair decay of the 3.58 MeV level
in ' Mg is clearly in evidence in region II of Fig.
5(a} which is projected onto the pair energy axis
in Fig. 5(c). The spectral shape represented in
Fig. 3 is used in fitting the solid curve in Fig.
5(c). The dashed curve represents the calculated
y-y contribution from the 3.58 (0+)- 1.81 MeV

(2')- g.s. y cascade. The shape of the curve is
taken from the measured y-y spectral shape re-
sulting from the 100% 3.36 MeV (4') - 1.27 MeV
(2') - g.s. cascade in "Ne and from the cascades
coming from the 3.94 MeV level in "Mg [62% to
the 2.94 MeV (2') state, 38% to the 1.81 MeV (2')
state] ." All these decays are in region III of
Fig. 5(a). The corresponding projection onto the
pair energy axis is represented in Fig. 5(d}. The
yield of the y-y interaction per detected proton
is obtained by the mean value of the yield in region
III, the 9(P%%d 2.94 MeV (2')-1.81 MeV (2')-g.s.
cascade" in "Mg [ region I of Fig. 5(a}] and the
100% 3.81 MeV (3 )-2.17 MeV (2')-g. s. cascade"
in "Ar (not represented). In all these cases cross-
over pair emission of high multipolarities is neg-
ligibly small in view of the low intensity of the
ground state y transition. " A mean value of (1.5
s 0.3)x 10 ' y-y interactions per detected proton
was found for the telescopes with 0.2-mm-thick
&E scintillators and (2.3+ 0.5) && 10 ', when 0.4-
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FIG. 6. {a) 1/32 sampled direct proton spectrum taken simultaneously with the spectrum of Fig. 5{a). {b) Projection
onto the proton energy axis of the two-dimensional spectrum a part of which is shown in Fig. 5(a).
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mm-thick &E counters are used.
By using relation (1), where N, » is taken from

the spectrum Fig. 5(c), N» is obtained from the

yield of the peak at channel 55 of Fig. 6(a) and

(efr),'is calculated to be (3.9+0.5)%%u~ (see Sec. IIB),
the branching ratio of the monopole decay of the
3.58 MeV state in "Mg is found to be I'„/I' = (4.9
+0.6)x10 '. A similar measurement done with
the telescopes mounted with the 0.4-mm-thick
&E counters with (eO}„=(7.3+ 0.8)% yields I'„/I
=(5.3+0.7)xlO '. We take F,/F =(5.1+0.7}x10 ',
the mean value of the two measurements, as our
final result. Recent measurements of the lifetime
of the 3.58 MeV state of (9.5+ 0.7) psec" and (9.6
a 1.2) psec" have been given. When combined with

the mean weighted value of these measurements
the value of our branching ratio yields v, = (1.87
+ 0.28) nsec for the partial mean lifetime of ZO

decay to the ground state. The value of the matrix
element is calculated from the value of 7, by using
formulas, tables, and graphs given by Wilkinson
in his review article on EO pair transitions. "
The value for the monopole matrix element in
"Mg is (M},= (3.0+0.25) fm'.

D. Si(3.79 MeV, O')(m) Si(g.s.) decay

The experimental procedure followed in the "Si
measurements was the same as in the ' Mg case.
The 27AI(o. , P)3OSi reaction was used to populate the
3.79 MeV first excited 0' state in "Si. A 'He'
beam of 0.2 pA was used to bombard 160 gg/cm'
self -supporting aluminum tar gets. The annular
detector was covered by a 20- p.m-thick aluminum
absorber. A resonance at E = 3.38 MeV which
excites both the 3.79 MeV (0') and 3.'l7 MeV (1' }
states in "Si was chosen. However, in the spectra
from the annular detector the proton groups feed-
ing the two states could not be separated. It was
therefore necessary to use a different experiment-
al configuration to obtain the singles yield. The
latter could be obtained by detecting with a good
resolution the y rays originating from the decays
of the 0' and 1' levels in coincidence with the cor-
responding unresolved protons group. In order
to avoid corrections due to the proton angular
distribution, the same solid angle for the annular
counter as in the m -P measurement was adopted.
The y-ray cascades from the 1' level [42+ 5% to
the g.s. , 58+ 5% to the 2.23 MeV (2') state]40 and

from the 0'(100% to the 2.23 MeV state)" level
were detected with a 80 cm' Ge-Li detector. The
detector was placed at 55 to the beam axis with
the surface of the germanium crystal 2 cm from
the target. The axial symmetry for the proton
detector and spins 0 and 1 of the 3.79 and 3.VV

MeV states ensured that the P~-y [3.79 MeV-2. 23
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FIG. 7. Partial y-ray spectrum in coincidence with

the protons of 7A1(e, P) Si(3.77 MeV and 3.79 MeV).
The broadening of the peak at channel 50 from the
3.77 MeV —2.23 MeV transition is due to Doppler
effect.

MeV (2'}]correlation is isotropic and that the

P, -y (3.77 MeV-2. 23 MeV) correlation is limited
to the P, (cos8) term. Thus by detecting the y rays
at a zero of the P,(cos8} Legendre polynomial, the
necessity of doing a detailed angular correlation
measurement for the 1' state is avoided.

Figure 7 shows a part of the coincident y-ray
spectrum of the 3.77 MeV (1'}-2.23 MeV (2')
and 3.79 MeV (0')-2.23 MeV (2'} decays. This
spectrum results from the projection in the p3 p4
region of the corresponding bidimensional y-ray
energy vs proton energy spectrum (not represented)
in which the zero channel of the y-ray energy axis
was appropriately shifted. From the spectrum of
Fig. 6 and from the known (58 + 5)%%uq branching ratio
of the 1' state via the 2.23 MeV state we deduce
the value JV»,/(N», +N» ) =0.37+ 0.03. The symbols

X~, and%~, are, respectively, the unresolved
singles proton yields as detected in the annular
detector for the 3 77 MeV. (1') and 3.79 MeV (0')
states.

Figures 8 and 9 show the result of a 15 h run
with the pair spectrometer. The proton spectra
represented in Fig. 8 have the same meaning as
in the "Mg case (see Sec. C). The pair spectrum
of Fig. 8 is obtained by projecting the events be-
tween proton channels 11-20 (see Fig. 8) of the
pair energy vs proton energy spectrum (not rep-
resented). The calculated y contribution in the

spectrum of Fig. 9 (dashed line) is the correction
for the y-ray decays of the 0' and 1' levels. More-
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PROTON ENERGY (MeV}
2

I

1

I

Ex in Si (MeV)

3.79 3.77 3.51
)( (

2.23
(

over the 42% y-ray ground state transition from
the 1' level allows for a small M1 internal pair
emission yield in the spectrum of Fig. 9. This
yield was evaluated by measuring the "Ar[3.94
MeV (2'}-g.s.] E2 internal pair emission in com-
petition with the 93.8% y-ray ground state decay»'

in the pair spectrometer. For the E2 pair decay
we found N,~(E2)/N~ =(5.0+1.0)X10 ' detected
coincident pairs per detected proton. A similar
measurement for the "O[3.92 MeV (2') —g.s.] E2
pair decay gave N, ~ (E2)/(N~x 0.15) = (6.8 + 3.0)
x10 ' where 0.15 is the 15% y-ray branching ratio
of the 3.92 MeV state to the ground state. 4' The
M 1 pair contribution from the "Si(3.77 MeV} state
in the spectrum of Fig. 9 was calculated by using
N,~(E2)/N~ =(5.0+1.0)&10 ', the correction for
E2 to M1 internal pair production~' and by taking
into account our detection geometry and energy
discrimination. This contribution was found to
be (20+4)% of the pair yield in the spectrum.

Qur final result for the pair branching ratio of
the "Si(3.79 MeV, 0') state is I',/I'=(2. 6~0.6)
X10 '. A recent measurement of this ratio at
Brookhaven" gives (2.7+0.4) && 10 '. To our knowl-

edge three lifetime measurements exist for the
first excited 0' state in "Si. They are v =(24.2
+2.0) psec, ~4 (6.8+2.0}psec,"and (15.6+1.2)

psec." By taking the last and most recent value

for v the above branching ratio yields r, =(6.0
x 1.5) nsec for the partial mean lifetime of the

ground state EO decay. The value of the EO matrix
element is (M), = (1.4 + 0.2) fm'.

III. CONCLUSION

Table I shows the properties of the 0' states
studied in this work compared to the properties
of the first excited 0' state at E, = 3.35 MeV in

the 4n+4 nucleus ' S. As can be seen from the

table, the monopole strength in single particle
units of the first excited 0' state in ' Si and "S
are quite small. A shell model argument" can
explain the fact that the monopole strength in "S
is small. Such argumentation should hold roughly

2x10
1X

12

PROTON SPECTRUM FROM 'A[ {o(,p} Si

Eot = 3.88 MeV ep =175 Al (0[,p) E& = 3.88 MeY

PAIR SPECTRUM FROM
' Si (3.79)(m) 'Si (9.s. )

Bp = 175'

w 1x10

CL
LLI

CL Q

60—
C)

~ ~ ~ ~ ~ ~ ~ C ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ ~

( (

SPECTRUM OF PROTONS

IN COINCIDE. NCE )A'ITH
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Ltj
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(J)

X
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I
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I
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l
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I

40
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I
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FIG. 8. (a) 1/4 (and 1/'12 for one peak) sampled direct
proton spectrum from 7hi(u, p)3 3i taken simultaneously
with the nonrepresented proton energy vs pair energy
spectrum. (b) Projection on the proton energy axis of
the two-dimensional spectrum. The & decay rel. evant
to the 3.79 MeV state is around channel 15 in the figure.

FIG. 9. Pair spectrum obtained from the projection
of the events between channels 12-20 of Fig. 8(b) onto

the pair energy axis of the relevant proton energy vs
pair energy spectrum (not represented) ~ The dashed
line is the cal.culated contribution of the y interactions
in the telescopes due to y-ray decays of the unresolved
3.77 and 3.79 MeV states. The solid line is taken from
the spectrum of Fig. 3.
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TABLE I. Properties of the first excited J» = 0' states in three nuclei of the s-4 shell.

Nucleus {MeV) (psec} Ref. Reference
EO strength
(s.p. units)

30Si

38S

3.58

3.79

3.35

9.6+ 1.2
9.5 + 0.7

24.2+ 2.0
6.8 + 2.0

15.6 ~ 1.2
12 700 +300

38
37
44
45
37
46

(5.1 + 0.7)x 10

(2.6+0.6)x10 3

1

This work

This work
24, 26

3.0 +0.25 (2.9+0.5)x10

1.4 ~0.2 (5.3~1.3)x10 '
1.38+ 0.03 (3.8+ 0.1)x 10 2

Value obtained by taking for 7' the mean weighted value of lifetimes given in Refs. 37 and 38.
Value obtained for 7 =(15.6+1.2) psec (Ref. 37).

for both the Si and Mg cases. However the
measured EO strength in '6Mg is about six times
bigger than those in "Si and "S. This implies that
a more sophisticated explanation is needed to
understand the behavior of monopole transitions
in the s -d shell. As suggested by the strong EO
decay in "Q and ~'Ca, the breakup of the core
might play an important role in this kind of transi-
tion. It is our feeling that more experimental data
on such transitions auld be a very useful tool in

a systematic theoretical investigation of the struc-
ture of the 0 states involved. Moreoever, one
expects, from the form itself of the monopole
operator, to get some insight on whether or not
the mean configuration radii changes for the sub-
shells of the closed shell.

%'e would like to thank Dr. A. Pape for critical
reading of the manuscript.
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