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The reactions Li(He, P) Be(14.39 MeV)(y) and Li(He, n) B(14.67 MeV)(y) have been used
to study the y-decay modes of the first T =2 states in Be and B. p spectra from a NaI de-
tector were recorded in coincidence with proton energy spectra from the Li( He, p) reaction,
and with neutron time-of-flight spectra from the Li( He, n) reaction. In addition, the singles
y spectrum from the 14.39-MeV state in Be was studied using a Ge-Li detector. The y spec-
trum from the Ge-Li detector gives the branching ratio I'&(2 43 &

jl &O=1.19+0.16 for the de-
cay of the first T =2 state in Be. From the y-n coincidence spectrum below threshold for~ 9

production of ~B(14.67 MeV) a y decay from ~Be(14.39 MeV) to a state in SBe at E~=2.9+0.25
MeV was found. The total width of this state was found to be I'=1.0+0.25 MeV. A measure-
ment of the strength of this y branch relative to that to Be(2.43 MeV) yields I'

~2 &~jr &, ,»
=0.30+ 0.04. From the y-n spectra above the ~B(14.67 MeV) threshold a y-decay spectrum
from the (14.67-MeV) state in B was obtained which shows consistency with the branching ra-
tios obtained for Be(14.89 MeV). Combining our branching ratios with previously available
information allows us to present a best set of radiative widths from the first 7.' =& levels in
~Be and ~B. From the coincidence spectra the value for F&0/1'«, is found to be 0.021+0.004
for Be(14.39 MeV). The ratios of the total widths 1'«, ( Be(14.39 Mev))/I'„, ( B(14.67 MeV))
is deduced as 1.23+0 43. When combined with the value for I&0( Be (14.39 MeV)), these ratios
yield I', , = 0.50 + 0.1 keV ( Be) and 0.4+ 0.&z keV ( B) for the total widths of the two states.

I. INTRODUCTION

The recognition that, above mass 5, the first 7'

= —,
' levels in the 4n+ 1 series of light nuclei are

bound with respect to isospin-allowed particle de-
cays has lent special interest to their study in re-
cent years. With the exception of mass 17, y de-
cays from these states have been studied through-
out the 1P and s-d shells. Experimentally, the de-
tection of these y rays is facilitated by the isospin
retardation of particle decays from the 7= —,

'
states and by the high energy of the emitted pho-
tons. From a theoretical point of view, such y de-
cays satisfy several criteria which make them an
ideal testing ground for nuclear model calcula-
tions. Both the T= —,

' levels and the 7' = 2 levels to
which they decay are Usually narrow states. They
are often thought to be describable in terms of
rather simple configurations and structure, and

the identification of the model state with the exper-
imental one is usually unambiguous.

In addition to offering nuclear states whose ma-
jor components may prove easy to explain, l,ow-

lying E= 2 states offer good opportunities for
probing isospin impurities in light nuclei. Both.
the isospin-forbidden particle decays'*' and the al-
lowed y decays' ' have been studied extensively to
this end. Studies in mass 13 revealed that the elec-
tromagnetic transition rates from the first T = 2

states in "N (at 15.03 MeV) and "C (at 15.07 MeV)
to the ground state "' and first few excited states'
are consistent with the prediction that d T = 1 radi-

ative transitions in conjugate nuclei have equal
strengths. ' The total width of the "N(15.03 MeV)
state' ""divas found to be considerably less than
that of the "C(15.07 MeV) state "".This adds to
the experimental evidence indicating that the iso-
spln impurities are 8 dependent, .

In the present study we have undertaken measure-
ment of branching ratios from the first T- = —,

' levels
in 'Be and 'B. In addition we wished to see if the
variation with Z of the total widths observed in A
= 13 was reproduced in A = 9. To this end we

have measured Fz,/I'„, for 'Be and the ratio of
total widths in 'Be and 'B which, when combined
with. a previously known value for F», allow us to
extract values for the two total widths.

The 'Be(14.39 MeV) y-decay spectrum revealed
a weak branch to a broad level at about 2.9 MeV in
excitation. There has long been a very insistent
prediction by the shell model that a 2 level should
exist in this region. " '4 Macefield, Wakefield,
and Wilkinson" and Chen, Tombrello, and Kavan-

agh (CTK)" have found that a level with the ap-
propriate character is fed by the P decay of 'I.i.
In view of the similarity of the M1 and Gamow-Tel-
ler P-decay operators, one might expect the M1

y decay from 'Be(14.39 MeV), the analog of the 'Li
ground state, . to feed this state with a branch com-
parable to that found in the I i P decay. For this
reason we have spent considerable effort trying to
separate this weak decay mode in our spectra.

The first T = —, states in 'Be and B have excita-
tions of 14.392+0.005 and 14.670+0.016 MeV, re-
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spectively" (Fig. 1). y decay from these states
has previously been seen by Griffiths' in the sin-
gles spectrum from Li+'He. He was able to de-
tect decays to the ground and 2.43-MeV states in
QBe and extracted I'&0/F„, = 0.023+0.005. Com-
bined with I' = 10.5+1.5 eV, ' this yields I'„,
= 0.46+0.17 keV. Evidence was seen for a simi-
lar decay scheme from 'B(14.67 MeV), though it
was difficult to distinguish decays from 'B from
those from 'Be. The spin assignments of 2 are
taken from the 2 spin of the ground state of 'Li.

2. EXPERIMENTAL PROCEDURE

A 'He'+ beam of typically. 50 nA was delivered
by the 5.5-MeV Van de Graaff of the Centre de
Recherches Nucleaires onto a beam spot whose di-
ameter was about 2 mm. Targets of metallic lithi-
um, enriched to 99.99/o in 7Li, were evaporated
onto backings of Ni or Ta in a separate vacuum
system and transferred under vacuum to the target
chamber, using a specially constructed target
holder. Details of beam, target thickness, and

backing are described in individual sections.

14.39 14.67
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FIG. 1.. Partial energy-level diagram for Be and B.
The ground states have been aligned.

A. p-p Coincidence Spectra

The reaction 'Li('He, j)~Be was used to populate
the 14.39-MeV state in 'Be, and the ensuing y rays
were detected in coincidence with the protons.
Our primary effort was directed toward obtaining
a clean spectrum from the 'Be(14.39 MeV) decay.
The requirement that the y ray appear in coinci-
dence with a proton of the appropriate energy

made unambiguous the identification of the emit-
ting state and eliminated much of the background
which appeared in the singles spectra of Grif-
fiths. ' Since Griffiths had measured I'»/F„, for
'Be(14.39 MeV), we controlled our normalization
in order to be able to extract this ratio from our
data as well, using a, singles proton spectrum and
our calculated coincidence efficiency. A compari-
son of our value with that of Griffiths served as a
check on the consistency of our experiment with
his. As discussed in Ref. 5 the detection of the
proton at 0' and of the y ray at a zero of P,(c os8)
eliminates the need to do a detailed angular cor-
relation in order to determine this ratio. For this
reason we chose to use 8~ = 0, 8& = 125'.

A 'Li target of 200 pg/cm' (75 keV for a 10-MeV
3He) was evaporated onto a. 50-p tantalum backing.
The tantalum was thick enough to range out the
beam while letting the protons pass through into
the detector. A 1000-p.-thick surface-barrier de-
tector collimated by a 7-mm-diam circular aper-
ture 2 cm from the beam spot was used as the pro-
ton detector. y rays were detected in a, 12.'7-cm
x 10.16-cm NaI crystal coupled to an XP-1040 pho-
tomultiplier; the face of the crystal was located
7.3 cm from the target. A 350-p-thick surface-
barrier detector situated at 0 = -140; collimated
by a 3-mm-diam circular aperture 3.3 cm from
the target and covered by 100 p of aluminum, was
used a.s a monitor. The deuteron group from the
reaction 7Li('He, d) Be(g.s.) stood out clearly in
the monitor spectrum and was used to normalize
the coincidence spectrum to the singles proton
spectrum taken later. Two-dimensional spectra of
proton energy vs y energy were stored when the
proton arrived within 20 nsec of the y ray.

In Fig. 2(a), we show a coincidence spectrum of
proton energy vs y-ray energy, for a bombarding
energy of 10 MeV. The horizontal line centered at
proton channel 13 corresponds to y decay from the
14.39-MeV state in 'Be. Heavily populated spots
at (proton channel, y channel) of (8, 30) and (28, 54)
are produced by the '~C(3He, P)'4N(y) reaction from
carbon contamination in the target. A projection
of the 'Be(14.39 MeV) y-decay spectrum, after sub-
traction of the appropriately normalized random
coincidences, is shown in Fig. 2(b). y decays to
the ground state and to the 2.43-MeV state oT 'Be
contribute peaks centered at about channels 107
and 89, resyectively.

The spectral response of the NaI crystal-photo-
multiplier combination to monoenergetic photons
of energies between 10 and 17 MeV was measured
using the reactions '~B(p, y), "B(d n)"C(y)
"N(P, y). Using these curves, an attempt was
made to describe the spectrum of Fig. 2(b) as the
sum of two y rays whose energies vrere 14.39 MeV
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and 14.39-2.43 MeV. The solid line shows the re-
sultant ground-state contribution. Attempts to
describe the remaining spectrum with a curve cor-
responding to the expected response from a 11.96-
MeV y ray produced curves which visibly failed to
account for the data (see Sec. C).

B. Singles Proton Spectra

In order to determine I'&0/F„, for 9Be(14.39
MeV), it was necessary to be able to determine
the number of times the 14.39-MeV level had been
populated during the accumulation of a P-y coinci-
dence spectrum.

The singles spectrum from 7Li('He, P)9Be, under
conditions described above for the P-y measure-
ments, did not allow clean separation of the pro-
ton group corresponding to the 14.39-MeV state,
due to the poor energy resolution introduced by the
thick target and by straggle of the protons through
the tantalum target support. It was therefore nec-
essary to use a different experimental configura-
tion to obtain the necessary singles spectrum.

A target of 60 iI.g/cm' 'Li was evaporated onto a
0.1-p. nickel foil. The protons were detected in an
(E-r E) silicon surface-barrier telescope consist-
ing of a 29-p-thick AE detector followed by a
1000oo p. full-energy detector. The telescope was
collimated by a circular aperture 1 mm in diame-
ter located at 3e5 cm from the target spot. The
same monitor arrangement was. used for this part
of the experiment as was used during the P-y coin-
cidence runs, thus allowing straightforward nor-
malization of singles to coincidence spectra.

Fig. 3(a) shows a sample proton spectrum. The
proton group from the 14.39-MeV state in Be
stands just below a large group of protons which
originates from the elastic scattering of contami-
nant hydrogen out of the target.

The appearance of numerous peaks from the re-
action "C('He, P)"N led us to take a comparison
spectrum using a carbon foil as a target [ Fig.
3(b)j, Contributions from contaminant groups in
"N were substracted when necessary from the
'Be(14.39 MeV) peak; their contribution never

4 6
I

GAMMA ENERGY (MeVj
10 12

I

14
I

16
I

30—

UJ

20—
x

10—

0—

~ 0 I II l ~ 0 ~ ~ ~ ~ ~OOOO% OO O00 ~ O ~ ~ O ~ S ~ ~ ~ ~ S ~ 0 ~~00000000 ~0~ 0 ~ ~ ~
~00000000000:::::::::0000000' 000 F0 '

~0000000000000 ~0 ~ 0 ~ 0 ~ ~ ~0)OOOOOOOOOOOOOO ~ S ~ S ~ 0 ~ ~ 0

/[] I tl Pl &jill ~ ~ ~

50
%01 H II II OO IIO ~

~ ~ ~
~ ~ ~ ~
~ s ~ ~
~ e ~ ~
~ ~ ~ ~
~ ~
~ ~
~ ~ ~ ~
e ~ ~ ~
~ ~ ~ 0
~ ~ ~
~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~e ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~
~ ~ ~
~ ~ ~ ~
~ ~ ~ ~

~ ~ ~

~OOOOOOOOOOOOO ~0 ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~0 ~ I I ~ I IIII I ~ S ~
~osOO O SOOO ~ S~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~
@oooo\ e \ s ~ ~ e ~ s ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
esses sos e ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ S ~ ~ ~ ~ ~ ~ ~
e os os o os ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ooeooes oo ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ e o sos os ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

0 sess 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ oosesso ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ ooo eossseoo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ oosose ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
o oOOOOOS ~ S~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ S 4 ~ ~ 0 ~ ~ O ~

oOSOOOOOO ~ ~ ~ S ~ S ~ ~ 0 ~ ~ ~ ~ ~ S ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ ossooooosossssssoosoooo ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~SSOOOQ IOOSOOOOO ~ OOOO ~00 ~0~0 ~ ~ ~ 0 ~ ~ ~ ~ ~
~ o

—— ,','~ 000000 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~
e ' 0000000 ~ 0~0 ~0~ 0 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~::000000000~ ~ 0~ 0 ~ 0 ~ S ~ ~ ~ ~ ~ ~ ~ ~::000000~0 ~ ~ 0~ 00 ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~

0000000~ 0~ 0 ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
::0000~ S ~ 0 ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ OOS ~ S ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~'oosoooooseo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

ooooosoo ~ o ~ ~ ~ ~ \ ~
o

~ ~ ~ ~
~ ~ ~

~ ' ~

~ ~ ~
~ ~ ~
~ ~ ~
~ ~ ~
~ ~ ~ ~ ~
~ ~ ~ ~ ~
~ ~ ~ ~ ~
~ ~ ~ ~ ~
~ ~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~ ~
~ ~ ~ ~
~ ~

~ ~ ~
~ ~ ~ ~ ~
~ ~ ~ ~ ~
~ ~ ~ ~ ~
~ ~ ~ e ~
~ ~ ~

~ ~
~ ~ ~ ~

~ ~
~ ~ ~ ~ ~ ~ ~
~ ~ ~ ~ ~ ~ ~
~ ~ ~ ~ ~ ~ ~
~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~
~ ~ ~ ~ ~ ~

~ ~ ~ ~

~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~
~ ~ ~ ~

~ ~ ~ ~
~ ~ ~ ~
~ s ~s
~ s ~ ~
~ ~ ~ ~

~ ~
~ ~

~ ~ ~
~ ~ ~
~ ~ ~
~ ~ ~
~ ~ ~
~ ~ ~
~ ~ ~

~ ~

~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ so ee
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ see oooo e
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ o oeoooo
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ so oo
~ ~ ~ ~ ~ ~ ' ~ ~ ' ~ ~ o o
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ ~ ~ ~ o

~ ~ ~

400—

(b)

U)

UJ
Z 300—

C4

K
~~ 200—

V)

D

100—

(0.0)

0—
I

30
I

40
I

50
I

60
I I

70 80

CHANNEL

I

90
I

100
I

110
I

120

FIG. 2. (a) Particle energy vs y-ray energy spectrum from Li+3He, E(He) =10 MeV, 0 =0', 0 =125 . &vents from
~ 3 9

P ~ y'Li( He,p) Be(14.89 MeV) (y) appear at proton-energy channel 13. (b) High-energy portion of the summed y spectrum
from the decay of the 14.39-MeV, T =2 level in Be.
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exceeded 5% of the main peak.
The proton yield from 'Li('He, j)oBe(14.39 MeV)

could not be measured directly at 0', the angle
used for the coincidence measurements. An angu-
lar distribution of these protons at E('He) = 10 MeV

had been previously measured by Lynch, Griffiths,
and Lauritsen, "however. Using our points, mea-
sured at angles greater than 15', and their shape
for the angular distribution, as shown in Fig. 4,
we extrapolated the proton yield into the region
used for the coincidence measurements (g~ = 0-7'
cm). Our method for determining the absolute ef-
ficiency of the NaI detector, which we needed in
order to calculate our over-all coincidence effi-
ciency, has been described previously. '

Our results for the number of y rays per proton
from Be(14.39 MeV) are I'&/1'„, = 0.021+0.004,
in excellent agreement with the value 0.023 +0.005
found by Griffiths. ' An average of the two results,
when combined with F&o = 10.5+1.5 eV,"yields
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FlG. 5. High-energy y-Ge-Li spectrum from Li+ He, E( He) =5.5 MeV, 8&=o . First and second escape peaks of
the y rays decaying from Be(14.39 MeV) to ground- and 2.43-MeV states are, respectively, at channels 743-714 and

612-584 .
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I"~, = 0.50+ 0.10 keV for the 14.39-MeV state in
QBe

C. Ge-Li Spectrum

Our inability to describe the y-decay spectrum
from 'Be(14.39 MeV) in terms of decays to the
ground and 2.43-MeV states alone led us to try to
measure the ratio 1"&&, «„/1 z, using a Ge-Li de-
tector. This spectrum should show as peaks only
decays to the sharp ground and 2.43-MeV states.
A coaxial detector having a nominal sensitive vol-
ume of 95 cm', an outer diameter of 4 cm, and
length of 8 cm, built at Strasbourg by Societe
d'Applications Industrielles de la Physique, was
used for this purpose, The detector was placed
at 0', its axis coincident with that of the beam,
with the surface of the germanium crystal 3.1 cm
from the target. A target of 400 pg/cm' 'Li(340
keV to a 5.5-MeV 'He) was bombarded by a 5.5-
MeV 'He beam. This beam energy is 660 keV
above the threshold for the reaction 'Li('He, P)-
'Be(14.39 MeV) and below threshold for 'Li('He, n)-
'Be(14.67 MeV). Although a higher bombarding en-
ergy would have increased the yield of y rays from
Be(14.39 MeV), it also would have increased the

Doppler spread caused by the distribution in veloc-

ities which the departing protons leave to the re-
coiling 'Be nucleus. The size of this spread is al-
ready 100 keV (base width) for the ground-state
transition at E( He) = 5.5 MeV and is. the limiting
factor in determining the resolution obtained in
the Ge-Li spectrum. The 5.5-MeV bombarding en-
ergy was chosen as a compromise between yield
and resolution.

Fig. 5 shows a part of the spectrum resulting
from 12 h of bombardment at 40-nA beam current.
First and second escape peaks corresponding to
transitions from the 14.39-MeV state to the
ground and 2.43-MeV states of 'Be are in evidence.
In order. to use the areas from these peaks to de-
termine 1'&&, «»/I'&„ the relative efficiency of the
Ge-Li detector must be known for photon energies
of 14.39 and 11.96 MeV. A relative efficiency
curve for the detector was measured as a function
of y energy using the reactions "C+p, "N+p,
"8+P, and "8+d to produce sufficiently mono-
energetic photons. The NaI detector, described
in Sec. 28, was used as a standard whose efficien-
cy could be calculated. The procedure followed
was to measure several points on the efficiency
curve immediately following the recording of the
Be spectrum, changing only target and beam but
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from this state were detected in coincidence with
the neutron resulting from the subsequent breakup
of lower Be levels fed by the y decay. Since both
the y energy and the neutron flight time depend on
the state to which the y decay goes, a coincident
measurement of y energy and neutron flight time
provides more information to be used in the separ-
ation of decays to the 2.43- and -3-MeV states in
'Be than does either spectrum alone.

A 200-pg/cm' 7Li target on a O. l-mm tantalum
support was bombarded by a 'He beam at an ener-
gy of 7.5 MeV, just below the 'B(14.67 MeV)
threshold. The y rays were detected at 8~ = 125'
using the NaI detector described in Sec. 2B. The
neutrons were detected at 0' in a 5.08-cm-thick
&& 12.7-cm-diam Naton 136 plastic scintillator cou-
pled to a 58 AVP photomultiplier. A flight path
from target to scintillator face of 34.2 cm was
used.

The velocity diagram for the process 'Li('He, P)-
Be (14.39 MeV)(y) Be*(n)»Be is shown in Fig. 7.

Even if the process proceeds through well-defined
excitations in 'Be and 'Be, the recoil momentum im-

parted to the 'Be by the proton will produce a dis-
tribution of neutron velocities at a given labora-
tory neutron angle. While the resultant neutron
time-of-flight spectrum loses some detail from
this effect, it was not sufficiently degraded to lose
the features we sought.

Figure 8 shows a spectrum of neutron flight time
vs y energy resulting from 12 h of measurement at
50 nA of beam current. A line due to y-y coinci-
dences appears near time channel 50. The time
region marked I delineates the area in which
events from 'Li('He, P)»Be(14.39 MeV)(y) Be(2.43)
(n + a + n)" should occur and the spectrum is
dominated by evidence for this decay mode. If a
level at 3 MeV in Be is fed, and if the subsequent
n decay is to 'Be(g.s.), corresponding events should
fall mainly in region II. Projections of these two
regions on the y-energy axis are shown in Fig. 9.
Solid curves are shapes expected for y decay to
Be(2.43) and to Be(2.9; I' = 1 MeV) for regions I

and II, respectively.
Figure 10 displays a projection of events above

y-energy channel 30 onto the neutron time-of-
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FIG. 8. Neutron time-of-Qight versus y energy spectrum from Li+ He, E( He) =7.6 MeV, 8„=0', 0 =125'. The
line appearing around flight-time channel 50 is the y-y line due to interactions between neutron and y counter. Events
from the sequence 7Li(3He, p) ~Be(14.39 MeV) {y)SBe(2.43) (n +a. +n) are in region I. The flight path is 34.2 cm.



1816 ADL OFF, SOUW) AND COCKE

1000—

GAMMA ENERGY(MeV)
8 10 12
I 1 I

14
I

800—

600—

400—

flight axis. The shape of the center-of-mass neu-
tron spectrum from the decay of the 2.43-MeV
state in Be is known from the work of CTK." We
have calculated the expected neutron distribution
in our case using their published neutron spectrum,
folding in the Be recoil effect mentioned above
(for an isotropic center-of-mass proton distribu-
tion). The resulting spectrum, after taking into
account the energy dependence of the neutron-de-
tector efficiency, is shown as a dashed line in
Fig. 10. The remaining peak centered at channel
38 is attributed to y decay to a state at 2.9 MeV in
'Be whose subsequent neutron decay is to 8Be(g.s.).
The dash-dotted curve is the expected neutron
spectrum for a level of Breit-Wigner shape, lo-
cated at E„=2.9 MeV, I" = 1 MeV in Be. (The re-
sultant curve is very insensitive to the shape of
the level. ) We conclude that our spectra are well
described as a sum of a transition to the 2.43-MeV
state in 'Be and one to a state at E„=2.9+0.25
MeV of width F = 1.0+0.25 MeV. The ratio of y
branches to these two states deduced from the cen-
ter-of-mass neutron spectra used in producing the
calculated curves of Fig. 10 yields I'

&, »/F &2 4»
= 0.30+ 0.04.

The solid curve III of Fig. 11 was calculated
using the excitation, width, and branching ratio
given above.

There are several possible errors of principle
with which one must deal before stating that the
y decay to the 2.9-MeV "state" represent decay to
the —, level. First, there may be decay to the 2

level present, in spite of this transition being con-
figurationally forbidden. The narrow width
(I' = 265 keV)" of this level precludes description
of our results in terms of decay to this state alone.
Both Figs. 9(II) and 10 require that the lower state
have a width of the order of 1 MeV. By pessimis-
tically assuming that the decay we observe is
feeding both the 2 state and a state at 2.65 MeV
with F = 0.75 MeV, we deduce that F„&„»/F „„,
= 1.3. This may be taken as an approximative up-
per limit to the contribution of the —,

' to our spec-
trum. In the following discussion we have as-
sumed that this contribution is zero. Credence is
lent to this assumption by our inability to observe
any decay to the 2 state at 1.67 MeV, as this
transition is similarly forbidden only configura-
tionally. We stress, however, that our discard-
ing of this possible decay mode is at the moment
not required by the experimental data.

Second, if the 2.9-MeV level has appreciable de-
cay through 'Be(2') or 'He, the intensity ratio giv-
en above will have to be increased in favor of the
2.9-MeV level. The neutrons from such a decay
mode would lie in region I of Fig. 8. A large con-
tribution from this mode would be apparent in Fig.
9(I). From this spectrum we pla, ce an upper limit
of 389& on the ratio of decays of the 2.9-MeV level
in 9Be to BBe(2 ) or 'He to those to Be(g.s.).

If the y decay of the 14.39-MeV level in 'Be to
the —, state is zero, and if the Be(—,', 2.9-MeV)
level decays entirely to BBe(g.s.), we may deduce,
from F z,

= 10.5 eV and the above branching ratios,
Fy(~ 9)

= 3.7+0.9 eV.

IJJZ 200— E. n-y Coincidence Spectra Relevant to B
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FIG. 9. High-energy portions of summed y spectra in
regions I and II of Fig. 8. Solid curve of I is a standard
shape for a y ray of (14.39—2.43) MeV. Solid curve of
II is calculated for a y ray of (14.39—2.9) MeV and a
width of 1 MeV for the 2.9-MeV state in ~Be.

In Fig. 12(a) we display an n yspectr-um taken at
a bombarding energy of 8.7 MeV, 770 keV above
the threshold for production of 98(14.67 MeV). Ex-
perimental conditions were those described in Sec.
2D, except for the change of bombarding energy
and the use of 7Li('He, d)'Be(g. s.) monitor under
the same conditions as in Secs. 2A and 2B. The
horizontal line appearing in region I (time chan-
nel 10) corresponds to the sequence 'Li('He, n)
'B(14.67 MeV)(y) B. A projection of events from
this axis on the y-energy axis is shown in Fig.
12(b). Kinematics allow a contribution to the spec-
trum of Fig. 12(b) from the sequence 'Li('He, p)-
Be(14.39 MeV)(y)QBe*(n). Using the description

of the latter sequence developed in Sec. 20, and
normalizing to region II of Fig. 12(a), we have cal-
culated the size and shape of this contribution, as
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o xg. 8. The. dashed curve is a calculated

e ashed dotted line is calculated for the sequence YLi H

i 'B"it-W' "'h' e (r=1M'V) for the 2.9-M

shown by the dashed line in Fig. 12(b). The re-
maining spectrum displays y decays from B(14 67
MeV~I onleV~ only. The solid lines represent the spec-
trum expected from decays to levels in B at 0.0,
2.34, and 3.0 MeV (F = 1.5 Me V) with intensities in

14.39 M
t e ratio 1, 1.19, and 0.3 as deduced from th 'B
( . 9 MeV) decays. We conclude that the data are
in good agreement with the assumption that the
branching ratios in'Be and 'B are equal. No more

9
detailed attempt to extract branch'nc ing ratios from
B(14.56 Me V) spectrum was made.
In the absenence of a singles neutron spectrum the

method used to extract F &/F„, for 'Be(14.39 MeV)

Instead two alternative, but inherently less precise
methods were used

7

(1) Absolute differential cross sections at 6=0'
for the reactions 'Li('He, p}'Be(14.39 MeV at
E('He) =10 MeV and 'Li('He n}'B(14 67 M

( e) = .7 Me V have been found to be 1.15",',","
and 1.63+0.21 mb/sr, "respectively. In order to
use it as a monitor of ('Li target thickness) x (total
charge), the yield of 'Li('He, d}'Be(g.s.), 6, = 140'
was measured using same target and same total
beam charge at E( He) = 10 MeV and 8.7
ra io o P-yo and n-yo coincidence yields obtained,
respectively, in Sec. 2A and in th' t'in is section for
equivalent values of ('Li target thickness) x (total
charge} are related by

y'(n-yO) do/d 0('B) F„,/F „,('B) „4&„&&s„
y'(P-yO) da/dG('Be) Fz,/F„,('Be) nQ~
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{a) Neutron time-of-flight vs ')I' energy from J j+ He, E( He} =8 7 Me/ g —Oo 8
34 cm. Events from Li( He, n) B(14.67 Mev) {p) are in region I. Events from VLi(3He, p)~Be(|4.39 MeV)(y)~Be*(n) are
in region II (see Sec. 20). {b) High-energy portion of summed y spectrum in region I of {a). The dashed curve is the
contribution of the Be decays in this spectrum. Solid curves are calculated using the same branching ratios as for
Fig. 11.

eously for the p-and y-decay strengths.
Our comparison of the y spectra from the first

7' =
& states in Be and 'B show consistency with

the mirror symmetry of the decay schemes ex-
pected if both the T = 2 and T = 2 states are iso-
spin pure. As discussed previously, ' however, the
small values for I"„,for these states place a more
stringent limit on the size of possible isospin im-
purities in the T = 3 wave functions than does the
comparison of mirror y-decay schemes until the
latter comparison can be made experimentally
with an accnracy at least 5%.

Barker has calculated the Coulomb-mixing ma-
trix element between his (3, 2) P, T = t state at
12.76 MeV and the first T= & state at 14.39 MeV to
be 19 keV.24 Et is entertaining to speculate that
mixing of these two states may be a primary con-

tributor to the tota.l width 1"~, = 0.5+ 0.1 keV ob-
served for the 14.39-MeV state. If one identifies
the 13.72-MeV state (F = 600 keV)" with the

(3, 2)'P shell-model state, the expected contribu-
tion to the total width of the T = 2 level due to this
mixing should be approximately

19&& 10 3 MeV
&& (600 keV) =0.5 keV,

in fortuitously good agreement with the observed
width. Barker further finds that the Coulomb ma-
trix elements between T = 2 and 'T =

2 sheU-model
states are systematically smaller in the 98 than
in 98e. En the case of '3N, this mixing is identi-
cally zero, since there is only one proton hole in
the p shell and the two-body Coulomb operator
must act between protons. The observed width' of
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'Be

TABLE I. Experimental results for the first & =
2

level in ~Be.

This work Other authors

r,„(14.39- O)

rtot

r~(~ qq)(14. 89 2.48)
r tot

I'
(~ qq)(14. 89- 2.48)

r tot

r„,„,„)(14.s9-2.9+ s.os)
r, &, „)(14.S9- 2.4S)

r~, (ev)

r... (keV)

y ~2 &3) (eV)

r„~ ~+~0» (ev)

r~ (2.9—n + n +n)
r„[2.9-'Be(O)j

0.021 + 0.004

0.025 + 0.006

1.19 + 0.16

0.80 + 0.04

0.50 +0.1f

12.5 + 2.5

S7 +O 9'

0.023+ 0.005'

004 +001

10.5 + 1.5
18d

0.8
0.46 ~0.17'

-o.6o g

'Ref. B.
Our result obtained by combining I', , = (0.5 + 0.1) keV

and r&(& 4&)
——(12.5+2.5) eV.

cRef. 18.
R. D. Edge and G. A. Peterson, Phys. Rev. 128, 2750

(1962).
e Ref. 17.

Our result assuming r&01) = (10.5+1.5) eV (Ref. 18).
&Ref. 16.

TABLE II. Comparison of A(M1) experimental and theoretical values for the ~Be (14.89 MeV; &3, 2) state.

MeV
Final state

J' 7l

r, (ev)
Exp. Barker

(Ref. 14)

A(M]. )
Cohen-Kurath

(Ref. 18)
CCP 77

2.43

2.9

3-
2 2

f
2

2

10.5+ 1.5

12.5+2.5 b

8.7 + 0.9

2.6

0.9

0.68

1.05

0.10

1.20

0.50

0,25

0.08

'Ref. 18. Our result assuming r&0(Ml) =10.5+1.5 eV.

the first T = —, state of "N(F = 1.13+0.3 keV) is
less than that of "C(I' = 4.7+ 1.6 keV). The non-
zero width for "N could perhaps be attributed to
deficiency of the simple shell-model description or
to T = 1 admixtures in low-lying states of "C.

Our present results indicate that the width of the
first T = —, state in 'B is about 60% of that in 'Be
within large experimental errors, however. Bar-
ker' finds the size of the Coulomb matrix element
between his (3, 2)'P, T= —,

' state and the T= 2 state
to be only 5 keV in the case of B. If one estimates
the total width of 9B(14.67 MeV) to be less than that
of 'Be(14.39 MeV) in the ratio of the square of
(5 keV)/(19 keV), one finds the width of the QB

state to be only 0.035 keV, to be compared with the
experimental value of 0.4 keV. Both the A = 9 and
A = 13 results give the larger width to the neutron-

rich twin, in the same direction as Coulomb-mix-
ing calculations indicate, although the size of the
effect is not outside the experimental errors bars
in the case of A = 9. We conclude that the varia-
tion with T~ of the total widths of the first T = 2

states in A = 9 and A = 13 may be due to the T, de-
pendence of the Coulomb matrix-elements mixing
states with neighboring states having T =

& and the
same spin and parity, but that a better understand-
ing of & =

& states in the region of the T =
& levels

will be required before a more quantitative conclu-
sion is possible.
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Excitation of Ne by 180' Electron Scattering
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States in Ne have been studied by 180' inelastic electron scattering with incident energies
of 39 and .56 MeV. A large scattering peak is found at each bombarding energy, showing ex-
citation of a 1+, T =1 state at 11.2 MeV, with transition radius R =2.53+ 0.15 fm and radia-
tion width I'0 ——11+2 eV. Other levels from 11 to 19 MeV are also excited.

I. INTRODUCTION

Electron scattering at 180 has proven particu-
larly useful in exciting 1+, T = 1 states in even-
even T =0 nuclei. As electric transitions are in-
hibited at 180', magnetic transitions generally
dominate, particularly magnetic dipole (Ml} trans-
itions. Inhibition of AT = 0, M1 transitions' in
these nuclei further increases the selectivity of
observable peaks in 180 scattering data. The
states most abundantly excited are thus 1', T =1

states, the analogs of low-lying states in isobaric
nuclei. In addition, Kurath' has shown that the
transition strength is concentrated in the l.owest
few such levels. Previous work~' at 180' with
"Mg and "Si has shown agreement with these pre-
dictions.

Preliminary results' on Ne exhibited striking
concentration of the strength into one level at 11.2
MeV. In this paper, we report data on 39- and 56-
MeV electron scattering from Ne up to an excita-
tion energy of 20 MeV. These data are employed


