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The giant electric dipole resonances based on the ground state (0+) and first excited state
(2+) of Be have been studied with the reactions Li(p, yo) Be and Li(p, y&) Be over the range
Ep = 0 8 to 17.6 MeV. Both resonances show a simple reso»~t shape with little fine structure.
The y& giant resonance is displaced upward from the yo resonance by an energy of 2.2 MeV
which is approximately equal to the excitation of the 2+ state. The reduced (y,po) strengths
of the two reso»aces are approximately equal and each exhausts about 10% of the E1 sum
rule. The angular distributions for both yo and y& are quite constant over the giant resonance
structure and are predo~~»~tly dipole in character. A simple model can be invoked to ex-
plain the do~&»nt E1 features. The presence of P& (cos8) and P3(cos8) terms in both angular
distributions indicates E2 strength which probably increases above the E1 reso~~nces. Some
parameters for the narrow levels at 18.15 and 19.06 MeV in Be are given.

NUCLEAR REACTIONS ~Li(P, y), E =0.8—17.6 MeV; measured o(E;E&, 8).
Deduced properties Be levels at E,=18.15, 19.06 MeV and yo, y& giant reso-

»~ces. 99% enriched Li target.

I. INTRODUCTION

The giant electric dipole resonance
(GDR) has been extensively studied through-
out the nuclear table. It is generally
characterized by a peak or peaks 3 to 5
MeV wide at an excitation energy that
varies systematically from about 22 MeV
in light nuclei to about 13 MeV in the
heaviest nuclei. ' Typically, the GDR ex-
hausts the classical El sum rule.

In the lp shell the GDR's have been
studied extensively, with the experimen-
tal ' and theoretical"' emphasis on the
4N nuclei ' 0 and ' C. As these nu-
clei correspond to closure of a major and
a minor shell, respectively, the micro-
scopic lp-lh model" has been applied to
them and considerable success has been
achieved in describing the basic features
of their GDR's. It is the purpose of this
work to study 'Be, the remaining 4N nu-
cleus in this shell. ' Even though Be
is in the middle of a shell, one might ex-
pect its GDR to be similar to that of ' C,
since all the particle-hole configurations
in ' C are available in 'Be (see TableIII). On the other hand, a tendency
toward u clustering might produce an
oblate shape in the ground state of ' C
and a prolate shape in that of 'Be. The
influence of such ground state deforma-
tions on the shape of the GDR has been
observed" in heavy nuclei such as Ho
and Ta and therefore might be present in
'Be. In addition, pronounced n cluster-
ing might make the GDR of Be similar to
that of "He.

The (p, y) reactions have proved inval-
uable in obtaining high —resolution, de-
tailed in formation on the El giant reson-
ances. Although the total photonuclear
cross section (y, tot) is of principal

interest, the basic features in the GDR
are usually well reproduced in the (y, p0)
channel. The (y, p ) yield ean, of
course, be obtained from the (p, ~ ) yield
by detailed balance. 0

The (p, y) reaction also can yield val-
uable information about photonuclear exci-
tations built upon excited states' A

study of the reaction "Li(p, &1)'Be(2.9)
should be of interest since the first ex-
cited state of Be might be described as
the first excitation in a rotational band
built upon the ground state. In this pic-
ture this state should have the same in-
ternal coordinates as the ground state and,
therefore, the y0 and y giant reson-
ances should be similar.

II. EXPERIMENTAL PROCEDURE

A monoenergetic proton beam was pro-
vided by the Stanford FN —tandem Van de
Graaff accelerator; the resolution at 10
MeV was better than 5 keV. Thin targets
of "Li were prepared by evaporating iso-
topically enriched (99/o) metal samples in
vacuum at the target site. The most
sueeessful targets were deposited on very
thin (5 — 10 pg/cm ) carbon foils. The
proton beam passed through the target and
backing and was stopped about 5 m down-
stream in a lead-lined and lead-shielded
Faraday cup. At low incident energies,
the proton beam could be stopped at or
near the target by a thick tantalum disk
without producing excessive background.

The energies of the capture gamma-rays
observed in this experiment in the reac-
tion 7Li(p, g)'Be lie in the range 18 to
33 MeV. In order to resolve the ground
and first excited state transitions, a
gamma ray spectrometer with a resolution
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14 GIANT E1 RESONANCES IN 'Be FROM THE REACTION. . .

of 5% or better is desirable. The Stan-
ford NaI spectrometer which has been
described in detail elsewhere'' was ideal
for this study. Its salient features are
its large size (24 cm x 24 em), an anti-
pileup gate in the electronic circuit
which suppresses the prolific low energy
counting rate from the crystal, and a
plastic scintillator which surrounds the
main NaI crystal and is operated in anti-
coincidence with i'

An energy level diagram for Be,
showing the levels pertinent to this paper,
is given in Fig. l. A spectrum obtained
from the NaI spectrometer for the reaction
Li(p, y) Be is shown in Fig. 2, where the

transitions to the ground state (Y ) and
the first excited state (y, ) in ' e are
readily appa, rent. Whereas the width of
the yp peak displays only the detector
resolution, the y, peak is clearly
broadened by the 1.5-MeV width of the
first excited state. The transition
strengths to each state were obtained by
fitting standard lineshapes to the data
(see Fig. 2) by means of a chi-square com-
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FIG. 2. Typical y ray spectrum obtained
with the large NaI detector equipped with
anticoincidence shield. The transition
to the ground state (yp) and the broadened
f irst excited state (y & ) are indicated
along with typical f its using standard
lineshapes.
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puter program. The standard lineshape
for the y, transition was derived from
the reaction ''B(p, y, )''C. A broadened
lineshape for the y, transition was con-
structed by folding into the standard line
a Lorentzian line with the width of the
excited state. As a check on this proce-
dure, the g, lineshape was also obtained
by subtracting the single line fit to pp
from a complete spectrum and using the re-
maining spectrum as the g, lineshape tofit other spectra. The results obtained
with both procedures agreed to within 5%.
The tails of the gamma-ray lineshapes,
obscured by background in the low-energy
region, were extrapolated linearly to
reach zero at zero energy (E~ = 0) . The
systematic uncertainty introduced by this
procedure is estimated to be approximately
10%.
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FIG. l. Energy diagram of 'Be indica-
ting the levels of interest to radiative
proton capture.

III. RESULTS

Figure 3 displays the yields of
and y, , obtained at 90', over the range
of excitation energies E„ = 18 MeV to
32. 5 MeV. Both transitions exhibit a pro-
nounced giant resonance with little addi-
tional structure except in the very low
energy region.

Angular distributions of the y yields
were measured at energy intervals varying
from 100 keV in the region of the main
strength to 500 keV at higher energies.
Fi ures 4 and 5 display representative
angular distribution for y and
respectively. The solid lines are least. 0

squares f its made to the data with the
Legendre polynomial series

N

W(e) = A, l + Q a P
n=l

with N = 2. The total cross section
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FIG. 3. The yield functions for the pp
and y, transitions obtained at 90', which
show the broad giant resonances built on
the ground state and the f irst excited
state of 8Be.
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FIG. 5. Angular distributions obtained
from the reaction "Li(p, yy) Be over the
energy range of the giant dipole resonance.
The least-squares fits were computed with
a series of Legendre polynomials up to
N = 2.

4mA and the normalized coefficients a„. 0which resulted from these fits and from
more extensive fits with N = 4, are dis-
played in Figs. 6 and 7 for the y and

transitions, respectively. It appears
that the fits are generally not improved
in a statistically significant way by in-
cluding coefficients higher than a
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FIG. 4. Angular distributions obtained
from the reaction 'Li(p, y, )' Be over the
energy range of the giant dipole resonance.
The least-squares fits were computed with
a series of Legendre polynomials up
to N = 2.

Gamma decays from the three states in
Be at E„ = 17.64, 18.15 and 19.06 MeV

(see Fig. 1) have previously been ob-
served. ' '' Resonances corresponding to
the latter two states can be clearly seen
in Fig. 3 near E& = 1 and 2 MeV. The
state at 17.64 MeV was not studied in this
work. The spectroscopic information de-
rived from these measurements is compared
to previous results in Table I.

The level at Ez = 18.15 MeV is known
to have J~ = 1+ and has established
branches to the states at 0.0, 2.9, 16.6
and 16.9 MeV. Table I shows that the
width obtained here agrees well with pre-
vious observations, but the present
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FIG. 6. Plot of the total crass section
47(A0 and the Legendre coefficients a, and
a2 (left side) and a, through a„ (right
side), obtained fram the angular distri-
bution fits, as a functian of bombarding
energy for the yo t, ransition.

FIG. 7. Plot of the total cross section
4T(A and the Legendre coefficients a,
and a2 (left side) and a, through a„
(right side), obtained fx"am the angulax
distribution fits, Rs R function of
bombarding enex'gy for the y, transition.

result is significantly largex'. The ex-
perimentally abserved Ml strength for the
18.15 -+ 2. 9 transition is much larger than
can be explained simply, either by assuming
a pure 1+, T = 0 state or by allowing an
admixture fram the 1+, T = 1 state at 17.6
HeV, in agreement with other evidence. '"
A better theoretical value could only be
obtained (see last column of Table I) by
mixing in an additional T = 1 state at
higher energies. The calculations of
Barker'' predicted a 1+, T = 1 state at

19.4 MeV and a suitable parent state is
known' ' in Li at 3.21 MeV excitation,
carresponding to 20 MeV in Be, with a
width o f about 1 MeV. Obsex'vat ion of this
state directly in 'Be has not yet been
reported, but a J = 1 state seen xn
t, he (p, n) reaction at 19.4 MeV (I' = 750
keV) is a possible candidate. The nega-
tive parity currently assigned to this
stRte 1s bRsed on c3 x'cumstRnt 1al eve. dence
on]y 1 7I19

The level at E„ = 19.06 MeV has been

TABLE I. Gamma decay propex'ties of states in Be
at 18.15 and 19.05 MeV.

Transit%. on

18.15 ~ 0.0

18.15 ~ 2.9

19.06 ~ 2.9

This
exp' b

r (ev)

Other
exps ~

] 8f
W. u. c

80

This
exp.
0.19

0.07

0.11

Theor. d

0.03

0.004

Theor. e

0.05

0.09

A(Ml) is the reduced Ml width; J is the f inal-state spin.
b I' = 1 is assumed.

p
W. u. is Weisskopf estimate for an Ml transition.
Reference 15.
With 5% mixture from a possible (1 , 1) state at 19.4 MeV, see text.+

f Re fel ence 12.
Refex'ence 13.
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assigned J+ = 3+. ' This is consistent
with its large Y, width and negligible

width. The observed Y, strength
given in Table I then corresponds to a
strong Ml decay for this mass region. The
analysis of the angular distribution taken
on top of this resonance introduces P,
and P4 Legendre polynomials into the
fitting function (see data at Ep = 2 MeV
in Fig. 'F). This would indicate a strong
E2 as well as an Ml width in the 3+ ~ 2
transition, the P term arising directly
from E2 radiation, and the P, term from
interference with the El background. The
3+ state in Li at 2.26 MeV is presum-
ably the analog of this 3+ level in Be.

B. The Y, giant resonance

The Y, giant resonance seen in Fig. 3
peaks at E„ = 21.6 MeV and has a peak
cross section of approximately 2. 7 pb/sr.
Between E„ = 18 and 33 MeV, the cross
section of the reaction Be(Y,p, )'Li, ob-
tained from these data by detailed bal-
ance, exhausts about 11% of the classical
Thomas-Reiche-Kuhn sum rule:

3 3

o(E)dE = 13 + 4 MeV mb
1 8

(O. 11 + 0.03)60
A

MeV mb.NZ

Over a similar region o f excitat ion in the
giant El resonances of 4He, '2C and '60,
the p, channels exhaust between 18 and
35% of the classical sum as seen in TableII. Thus, the ( Y, p p) strength in 8Be is
smaller than in the other 4N nuclei of the
ls and lp shell.

We now attempt to understand the rela-
tive absorption cross sections in 'Be
and ''C in the framework of the lp-lh
model in its simplest, schematic form. We

2
Yp

p

pc (np ' )
n

c'(n, m ')
n, m

where the coefficients c (n, m ') refer

assume that the collective dipole strength
is given by the sum of all available lp-
lh El transition strengths, which are
thoroughly mixed so as to give the ob-
served constant angu' ar distributions (see
below). We remark that in the usual micro-
scopic p-h calculation the various p-h
configurations are found to be concentra-
ted at different excitation energies. It
is further assumed that the Be ground
state is represented by the configuration
(s, &2)J Q(p3&2)J —Q and ''C by (s1/2 J Q

2(p3~2)J Q. It is then straightforward to
calculate the various p ~ h transitions
(computed in a harmonic oscillator well
with h~ = 41/A'~' MeV) and their relative
contribution in 'Be and ' C based on
the statistical factors of the initial
(hole) and final (particle) state (see
Table III). Obviously the p3~2d5~2 compo-
nent dominates the absorption, although
the other configurations make substantial
contributions. After taking account of
the factor A'~ , one finds from Table III

B(El, 'Be)/B(E1, ' C) = 0.60.
This ratio can be related to the ratio

of partial absorption cross sections R
by using the relation J'a(Y, p )dE

EYB(El, t)(rp /I') where EY is the peak
ray ener-yy, I' the total width, and

I'p = 2PYp . One can now follow the model
further by assuming for the proton reduced
width

TABLE II. Properties of GDR in light 4N nuclei.

E
p

(MeV)

E
Y

(MeV)

~(P, Y, ) ~(Y, P, )

(ub) (mb)

Values on peak of GDR

r
cm

(MeV)

2
7 0

aE
a(Y, p )dE

E

(mb MeV) (% S.R. )

"Heb

'Be

"Cd
1 60e

10.0

5. 0

7 ' 3

10.8

27. 3

21.6
22. 6

22. 2

68

33

137

177

l. 92

2. 05

12.2

12.7

20

5. 3

3.5

4.2

—0.98

—0.05

—0.55

—0.51

21:
13

1 8

56"16

43 12

35

31

18

E, and E, are shown as subscripts and superscripts, respectively.
b References 20 and 21.
e Present work.
d References 2 and 21.
e Reference 22.
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TABLE III. Relative contributions of lp-lh transitions to the
electric dipole absorption jn Be and '~C in a, seniority scheme,
all in relative units of A'

Relative contribution to B(El, 4)

Configuration 'Be 1 2C

( lp / ) ( ld ~2)

(lp )- (ld )

(lp ~ ) (2s g )

Total

0.477

0.239

1.433

0. 159

0. 318

0.239

0.239

0.717

0.080

0. 159

1.434

0.239

l.433

0. 159

0.318

2. 15

to the wave-function coefficients for an
n particle and an m hole (in the numer-
ator m = p ~ ), and all coefficients are
proportional to their associated El matrix
elements listed in Table III. Using the
parameters of Table II one obtains the
ratio

JG('Be)
JG( 1 2C)

before the proton penetrabilities P have
been included. A rough estimate for d-
wave penetrabilities at the peak energies
in Be and ' C gives another reduction
of about 0.5 for a square-well potential.
With or without penetrabilities, the esti-
mate for R agrees rather well with the
observed value of 0.23. Thus the smaller
strength observed in 'Be, relative to

C, simply reflects the smaller number of
p 3 / 2 p ar t ic1es in t h e g rou n d st at e o f

The missing strength, of course,
goes to excited states.

It is, of course, well known that multi-
ple p-h components can be quite important
in the GDR, the best example being the
structure attributed to interference in
the GDR of ' 0. ' No such prominent
structure is observed in either ''C or
Be. This lack of structure could indi-

cate that multiple p-h components lie
well above the GDR in ' C and 'Be, in
contrast to the "closed-shell" nucleus

0. Thus, the total width of the GDR in
C and Be should arise mostly from

particle escape with very little damping.
Finally, we note that no direct evidence

for a static ground state deformation in
Be is apparent in the yo excitation

function. However, it is not clear how
such deformation would express itself
quantitatively in the GDR of such a light
nucleus.

C. The y angular distributions
The characteristics of the y, angular

distribution can be seen in Fig. 6. The
a, coefficient is positive with an aver-
age value between 0. 1 and 0.4. Above
Ex = 24 MeV, a, increases with increasing

excitation energy. A non-zero a co-
1ef f icient results from an interference

between conf igurations of opposite parity.
In this case, it may arise from the neg-
ative parity El giant resonance inter-
fering with a positive parity E2 giant
resonance located at a higher energy.
This behavior is similar to that observed
in other nuclei such as C and 0.

The a, coefficient is virtually con-
stant over the region above Ex = 20 MeV
with an average value of about —0.05. A

nearly constant a, coefficient is typi-
cal of the photoproton giant resonance
and gives evidence for the fact that the
GDR is dominated by a single collective
state. " In fact, ' C was among the
first cases where this constancy of the
a cofficient was demonstrated. As can
be seen in Table II, the absolute value
for a, in 'Be is much smaller than that
in ' C or ' 0, the latter values being
more typical of the GDR. This difference
will be discussed below.

As can be seen in Fig. 6, the a3 co-
efficient is small, positive and quite
constant throughout the giant resonance
(up to about Ex = 28 MeV). This small
value indicates a small amount of E2
radiation mixing in with the El radiation.
However, above Ex = 28 l'.IeV the a, co-
efficient becomes negative and larger in
magnitude indicating a greater, and per-
haps resonant, contribution from E2
strength located above the El resonance.
However, the a coefficient nowhere de-

4viates significantly from zero, indica-
ting that the E2 intensity is indeed very
small compared to the El intensity, as
expected from a comparison of the E2 and
El sum rules. ' No attempt will be made
here to determine the E2 intensity quan-
titatively, since measurements with
polarized protons are required to do this
unambiguously.

If we are interested in determining only
the El configuration of the giant reson-
ance formed in the (y, p, ) process, we
may consider only the a2 coefficients
of the angular distribution and obtain,
for capture by a J" = 3/2 target nu-
cleus,
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0 4(d )2 0 4(d )2

+ 0.6(d )(d )

— [0.45(s, /, ) (d, /, )

l.34(s ) (d ) ] eos
). /2 5/2

(2)

i$ i$
where s, e , d, e and d~ e

J

are the complex amplitudes of the proton
waves normalized to

(3)
and 4 = $ — $ . This expression for as 2is identical to that obtained for the
giant resonance in '2C formed in

B(p, y, )'2C 2 In Eq (2} it j.s assumed
that the d, /2 and ds/ amplitudes
have the same phase p&. If we take for
b the difference between the Coulomb
scattering phase shifts of s and d
waves, then eos 6 depends on the nuclear
radius and the j,ncident proton energy.
For R = 1.2 A'~' fm, one finds that cos
varies from about 1.0 at E = 3.0 MeV to
about 0.5 at E = 12 MeV. If we set a

t i(p, y ) Be

—~ +08-
IA

+0.4-
IA

O

0-

+02-
Al

IO'a -02-

-0.6-

I

-0.4 -0.2
I I I l I

0 0.2 0.4 0.6 0.8 1.0

FIG. 8. Contour diagram of the relative
d5/2, da/~ and s~/2 intensi ties in the
proton capture reaction 'Li(p, y, ) which
yield the observed a coefficient (a~
0.05). Curves are given for the two
extreme relative phases 6 between s and d
waves and for the two branches correspond-
ing to the two possible solutions. The
configurations predicted by the schematic
model (see text} are shown by the dots.

in Eq. (2) equal to its average experi-
mental value of —0.05, we f ind that the
partial-wave solutions are allowed to have
a continuous range of values. Also, be-
cause of the quadratic nature of the equa-
tions there are two independent solutj. ons.
These two solutions are plotted in Fig. 8
for cos h = 1.0 and for eos 6 = 0.5.

As expected, the small value of a2 can
be fitted by an almost pure s, /, wavei" Fig. 8). However,
solutions which have large d, /2 and/or
d, ~~ amplitudes a.re also possible. If
we consider only the p» -hole configur-
ation in Table III, we o tain the solu-
tion: 75% d, ~2, 17% s»2 and 8% d»~, in
terms of the normalization of Eq. (3}.
Although the (p / ) '(d ) contribution,
in which the spin orient@( ion is differ-
ent in initial and final state, is nor-

mallyy

small, it is comparable j.n strength
to the (p3/2) '(s, /~ ) transition which
involves a node change. It is apparent
from Fig. 8 that this solution is an
allowed solution lying between the extreme
possibilities. It is interesting that
this solution, shown by the dots in Fig.
8, corresponds to a point where solutions
I and II are practically degenerate with
cos 8 = 0.70. However, it must be empha-
sized that there is no experimental basis
for selecting this or any other of the
allowed solutions. Measurements with
polarized protons would further limit the
range of possibilities.

D. The j giant resonance
1

The giant resonance built upon the first
excited state of Be peaks at Ex = 23.8
MeV (Fig. 3). As can be seen from Fig. 7
the main y, transition strength proceeds
via El radiation and thus, the contribu-
ting states ean only have J" = 1 , 2 and
3 . However, if the coupling between the
El excitation and the first excited state
is weak, then one expects the y, reson-
ance to lie at an energy above the peak
in the y, resonance equal to the exci-
tation of the first excited state (Ex
2 ' 9 MeV) with all spin states nearly
degenerate. In fact, the experimental
energy separation of the y, and
resonances is 2. 2 MeV.

The inverse reaction Be (y, , p, )'Li,
obtained by detailed balance, exhausts
about the same amount of the dipole sum
rule as does the reaction Be("(O,po} Li.
Thus, the much larger strength exhibited
by the first excited state transitj. on
(Fig. 3} can be attributed to the statis-
tical factor 2J + 1 = 5 which appears
when B(El, k) is changed to B(E1,0).
If the first excited state in Be is
loosely coupled to the dipole excitation,
it is not unexpected that the reduced
strengths for yo and y, are comparable.
In addition, if the first excited state
has rotational character then the internal
wave functions should be similar for SBe
and 'Be* and the same dipole state would
be excited in each case.

The 90' yield for y, shown in Fig. 3
exhibits some structure at Ex ~ 21.4 and
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22. 5 MeV superposed on the main GDR. The
weaker structure at Ex = 21.4 MeV shows
up more clearly in data taken at e~ = 0'.
The structure at 22. 5 MeV may be corre-
lated with the structure seen in the
resonance.

E. The g, angular distributions
The characteristics of the y, angular

distributions can be observed in Fig. 7.
The a, coefficient is generally positive
and increases with increasing excitation
energy. The a2 coefficient decreases
with increasing energy, being positive at
low energy, passing through zero in the
region of the maximum yield, and becoming
large and negative at higher energy. The
a, coefficient is small but becomes def-
initely negative and increases in magni-
tude with increasing energy. Finally,
the a„ coefficient is small and consis-
tent with zero throughout the energy range
covered.

As in the case of y, a broad giant
quadrupole resonance built upon the first
excited state can be invoked to explain
the behavior of the a and a, coeffi-
cients, but again the intensity of the
resonance is not large enough to produce
a significant a„ coefficient.

The structure apparent in a& near
Ex = 22 MeV is perhaps evidence for a
positive parity state in this region.
The only previously suggested states in

Be with positive parity in this energy
region are at Ex = 21.5 MeV (J~ = 3+,
I' = 1.0 MeV) and Ex = 22. 2 MeV (JT' = 2+,

0.8 MeV). ' The structure in the
total yield in this excitation region
also may be correlated with this fluctu-
ation in the a, coefficient (see however
Section III.D above).

As in the ease of other giant resonances,
the a2 coefficient shows no significant
structure throughout the GDR. This is all
the more remarkable because of the in-
creased complexity of the GDR with possi-
ble states of J~ = 1 , 2 , and 3 which
allow a greater number of possible config-
urations. Because of this increased com-
plexity, however, it does not seem useful
to attempt to analyze the angular distri-
butions in terms of the configurations.

I 00-

50-

50- Li(p, y~) Be

15

g0 Li( p, yo) Be

25-

well as the observed absorption strength
of 'Be relative to ' C is semi-quan-
titatively explained by a schematic lp-lh
model of the GDR in which the various lp-
lh configurations are thoroughly mixed to
give the observed constant angular distri-
butions.

No definite evidence is obtained regard-
ing the possible deformation of 'Be rel-
ative to ' C. The y, and y, giant
resonances in Be are compared with the

resonances in "He and ''C in Fig.
9. Also in this figure, there is no
convincing evidence that the GDR of 'Be
is similar to that of "He, which might
indicate n clustering in 'Be. Although
the GDR of Be is rather featureless it
is considerably more compact than the GDR
of "He.

The y, giant resonance lies above the
resonance by about 2.2 MeV, which is

approximately equal to the excitation of
the first excited state. Note the compar-
ison of the two resonances in Fig. 9 when
the y, resonance has been shifted down
by 2.9 MeV. The resonance also exhausts

IV. SUMMARY

The reactions 'Li(p, y, )' Be and
"Li(p, y, )' Be exhibit eharacteristie giant
dipole resonances with little fine struc-
ture. The y, giant resonance exhausts
about 11% of the classical dipole sum
rule, which is about half to a third of
the typical value in the lp shell. The

angular distributions are nearly con-
stant over the entire giant resonance
region, an indication that a single state
of mixed configuration dominates the
region. A rather pure (p3/2 ) '(d5/, )
configuration with small admixtures of
the (p3/2) ( i/2) and (p3/2) (d3/2)
configurations ean explain the nearly
isotropic (a2 = —0.05) and constant
angular distributions. This result, as

I 00-

I
I

H( p, yo) He

50-

I

IS 22
I

26
I

30
Ex (lUleV)

FIG. 9. A comparison of giant resonances
in ' C, Be, and "He as observed with the
(p, , y) reaction. For comparison purpose
the y, resonance has been shifted down
by 2. 9 MeV, the excitation of the first
excited state.
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about 10~~ of the dipole sum rule. That
the (y, , p, ) and (y, , p, ) strengths are
comparable is plausible if the dipole
excitation is weakly coupled to the first
excited "rotational" state of 'Be. A

detailed analysis of the y, resonance is
not warranted at present, but it appears
that it is also dominated by a single El
configuration.
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