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If one considers the nucleus in a simple two-
fluid model, with densities pp and p~, the Stein-
wedel-Jensen model only accounts for the inter-
action with the difference density p -p„. But the
electron also interacts with the total density,
p = pp+ p~ (although the dipole component would

presumably be weak), and it is the deformation
of p which is commonly pictured as leading to
fission. If the contribution of such an interaction
were significant, the electron could serve as a
valuable probe of the dynamical process of fis-
sion. Calculations employing such a model are
in progress.

Finally we would like to point out the need for
more experiments in electrofission and photofis-
sion particularly at high energy.
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LOWEST T= 2 LEVEL IN Si OBSERVED
AS A HIGHLY FORBIDDEN COMPOUND NUC LEUS RESQNANCE IN ' Mg+ a REACTIONS*
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The lowest T =2 level in the self-conjugate nucleus Si has been observed in reso-
nance reactions initiated by 2 Mg+u (AT = 2) but not in resonance reactions initiated by
27A1+P (DT =1).

Within the past two years low-lying T= 2 levels
in self-conjugate, light nuclei (N, Z), which had
been seen as residual states, '&' have been ob-
served' ' as compound-nucleus resonances in the
isospin forbidden reactions initiated by p+ (N,
Z-1). However, attempts made over the past
year to observe the lowest T = 2 state in "Si as a
compound-nucleus resonance in "Al+p reactions
have been unsuccessful. ' Recently the level has
been observed' as a final state in the isospin-
allowed reaction "Si(P, f)"SiT 2*, and has been
found to decay predominantly to "Mg(ground
state)+ n. Following acquisition of a negative
helium-ion source, we observed this level as a
compound-nucleus resonance in the twice T-for-
bidden capture reaction ' Mg(n, y)"Si& 1*(y)-

"Si~ 0 and the four-times T-forbidden scatter-
ing reactions "Mg(o.', n, )' Mg and "Mg(o., n, )' Mg*
No resonance was seen in the once forbidden re-
action "Al(P, y)"SiT —1*(y)"SiT—0, or in "Al(P,
Po)' Al, Mg(n, PO)' Al, or ' Mg(n, P,) 7Al*.

As in the earlier experiments, "~ the gamma
decay of the 0+, T = 2 level of "Si was found to
proceed via y-ray cascades through bound 1,T
= 1 levels lying in the region of excitation from
10.7 to 11.4 MeV. The T =2 level was located by
observing a resonance in an unresolved group of
y rays with an energy of =11 MeV. The y rays
were detected with the Stanford University 24-
cm NaI assembly, Figure 1 shows the yield
curves of /p pz and the 11-MeV group, along
with on- and off-resonance y-ray spectra, ob-
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tained by bombarding a 10-keV '4Mg target on a
gold backing with a beam of n particles. The

apparent slight resonance in y0 is attributed to
solid-angle summing of the resonant cascade y
rays. The yield in the on-resonance y spectrum
at Ey = 9 Mev ls presumably due to transltlons
from the T = 1 states to the first excited state of
28Sj at 1 78 MeV

The observed resonance energy of E~ = 6.115
+0.003 MeV, corresponding to E~= 15.221+0.005
MeV, is in good agreement with the value of E~

= 15.206 +0.025 MeV previously measured. ' The
angular distribution of the 11-MeV group of y
rays, shown in the insert of Fig. 1, is isotropic,
as required by the assignment of J=0 to the res-
onant level. Also shown in Fig. 1 is the yield
curve for a y ray of energy =11 MeV produced by
the reaction "Al(P, y)"Si. The strong resonance
at Ep = 3.788 + 0.003 MeV, corresponding to a
level at Eg =15.234+0.005 MeV, is a resonance
detected previously' for which the y ray was as-
signed to the 10.6-MeV transition to the 4+ state
at 4.6 MeV in "Si. The relative uncertainty in
energy between the ' Al+p excitation curve and
the ' Mg+ n excitation curve is estimated to be
0.003 MeV, based on the Q value' of 1.6017
+ 0.0007 MeV for the reaction "Al(p, n)'4Mg.

CL
LLI~ 30-
I—
Z

15-
9.0—

6.IOO

I

ALPHA ENERGY (MeV)
6. I IO 6.120

I I

6.I 30
I

—9.0

8 10 12

GAMMA ENERGY (MeV) 8.0— —8.0

300—

200—

100—
g

I I I I I I

IX—
5

7.0—

4.0—

—7.0

I I6.5' 4 0

O

O 150O

IQQ
LL

z 5Q—
O
O

0 -t
I

O
bJ

IJj

I-
«t

hl

QO
I I

45' 90'
e

- 800
- 600
400

- 200

Mg(a, y„)

3.8—
c)

(0 74—
O
T.I-
Z'.

7.0—
Z',

O 6.6—

—3,6

—7,0

—6.650—

0
50—
25—
0 I

15.160

I I I

Mg(a, y)

I I

Mg(a, y )

I I I I

15.180 15.200
EXCITATION ENERGY IN

I I I

I I I

15.220 15.240

Si (MeV)

I I

15.260

2.4—

2.2—

2.0—
l44

—6.2

—2.0

FIG. 1. Bottom three curves: the yields of yp pf,
and the 11-MeV y-ray group, as a function of excita-
tion energy in Si, produced by the reaction ~Mg(n,

p) Si (10-keV Mg target). Insert: the on-resonance
angular distribution of the 11-MeV group. Top curve:
the solid line is the sum of three partial gamma-ray
spectra at the resonance in Mg(e y) Si; the dashed
line is the sum of off-resonance spectra. Second curve
from top: the yield of y rays near E&= 11 MeV from the
reaction A].{p,y) Sj; the dots are for a 2-keV ~Al

target, and the crosses for a 5-keV target. The error
bars shown are statistical, and the collected charge is
for singly charged particles.
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FIG. 2. The elastic scattering of alpha particles at
four-angles, observed with a 24Mg target 6 keV thick,
evaporated on a thin carbon backing. The energy scales
in Figs. 1 and 2 are derived from the nominal accelera-
tor calibration.
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The accelerator was calibrated with the "F(P,
n)'~Ne threshold'0 at E = 4.2343 + 0.0008 MeV and
the 24Mg(n, y)28Si resonance at E~=3.1998+0.0010
MeV.

The particle groups from the "Mg+ n reactions
were observed in a 60-cm scattering chamber at
several angles. The elastic scattering curves at
four angles are shown in Fig. 2. These four la-
boratory angles 81', 116', 144', and 1212' corre-
sPond to the zeros of Podd, P„P4, and P, (aP-
proximately). Observation of the resonance at
all four angles supports the assignment of 0+ to
the resonant state. A resonance was also ob-
served in "Mg(n, o.,)'4Mg* at 1212' and, with
lesser certainty, at 104&'. Target contaminants
obscured the n, peak at the backward angles of
144' and 1562', and the resonance was not ob-
served at other angles. No effect was observed
in "Mg(a, P,)"Al or "Mg(o.,P,)"Al*.

From the y-ray yield curve of Fig. 1 we can
set an upper limit of 2 keV for the total width of
the state. From the nonobservation of the reso-
nance in y rays produced by "Al+P we obtain
I'&/I'~ &0.08, in agreement with previous work. ~

From the observed strength of the 11- and 9-MeV
groups we estimate I'~I'&/I' = 1.25+,",', eV, if we
assume a target composition of 100Vo "MgO,
where the asymmetric error reflects the uncer. -
tainty in the target composition. This value,
combined with the. previously reported measure-
ment' of I' /I'=0. 72+0.11, gives I'. =1.7+", 4 eV,
a value comparable with that obtained in ' Mg and
"Ne. '& From the nonobservation of a resonance
in '4Mg(n, y,)"Si*, we can place an upper limit of

I'& &0.03 I' on an isospin-violating 4T= 2 y de-
Yy V

cay to the 2+ state at 1.78 MeV in "Si.
We are grateful to L. Wall and C. Wellander for

assistance in data accumulation and reduction,
and to D. Ramsay for assistance in target prepa-
ration.
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