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We have measured a mean life of 392+12 psec for the 4.49-MeV (5 ) state of Ca, cor-
responding to an E2 transition strength of 1.04 + 0.03 Weisskopf units which is consider-
ably stronger than that predicted by a one-particle, one-hole description of the states.
However, this E2 decay rate and those of eight other E2 transitions between odd-parity
states can be understood when the states are described as admixtures of deformed and
spherical wave functions.

The low-lying negative-parity states of ' Ca
are described by Gerace and Green' as combina-
tions of random phase approximation (RPA)
states and three-particle, three-hole (3p-3h) de-
formed states. In particular, the 3.74- (3, )
and 4.4S-MeV (5, ) states are described as
largely RPA states, each having of the order of
5 Io 3p-3h deformed component. Other authors2'3
describe the odd-parity spectrum as RPA states
and obtain good agreement (as do Gerace and

Green) for E3 and E5 transition rates of the 3,
and 5, states to the ground state. These rates
are not sensitive to the deformed component of
the excited-state wave functions. However,
small admixtures of deformed-state components
may contribute significantly to transition rates
between excited negative-parity levels. This
Letter reports the measurement of the lifetime
of the 4.49-MeV (5, ) state, the decay of which
reflects deformed-state admixtures.
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Table I. Comparison of experimental and theoretical
strengths of the 5& 3& transition in Ca.~

Lifetime
(nsec)

a(E2;5, -3, )
(e2 fm4) Reference

Present experiment
Present calculation

Dieperink, Leenhouts,
and Brussaard'

Gillet and Sandersonb
Gerace and Green~

(dv2 ', fv
Poletti et al.d

as discussed in the text.

0.392 + 0.012
0.62 + 0.14

2,0

8.4+ 0.3
5.5 + 1.4

1.7

0.23
3gl
2, 6
3.1

15
1.1
1.4
1.1

'Ref. 2.
bRef 3
Ref. 1.

daef. 6.

Recalculated,

Gerace and Green' do not calculate the de-
formed-component contribution to the 5z 3z
transition rate. In their model, these states
possess 4.7 and 6.8% 3p-3h deformed component,
respectively; the largest amount of 3 deformed
component (56Vo) is found in the wave function of
the 6.28-MeV (3, ) state. This state decays to
the 5, state via a strong E, transition. A

weighted average of recent lifetime and branch-
ing-ratio measurements' "yields B(E2; 3,- 5, ) =(72+ 18)e' fm'. In the SU(3) limit, Ger-
ace and Green' calculate a B(E2) for this tran-
sition of (80 to 89)e' fm', which is in good agree-
ment with the observed value. However, Dieper-
ink, Leenhouts, and Brussard, ' considering
these as pure RPA states, predict a 32 5z

rate which is an order of magnitude too low. The
E2 decay scheme of the low-lying odd-parity
states can be explained with a combination of
spherical (utilizing an effective charge') and de-
formed mechanisms. " In particular, the 3,

- 5, decay rate was calculated assuming the
band strength necessary to complement the
spherical component to yield the experimental
value. In fact, this band strength is not a free
parameter, as it corresponds to a deformation
parameter P which must be consistent with those
of the even-parity states. " This condition was
satisfied in this case. Once the strength of the
band is determined, it is easy to evaluate the de-
formed amplitude for the 5, - 3, decay in
terms of the ratio

B(E2 5 -3 )
"' C, ,(3 ) "'

B(E2; 32 -5, ) Cd, g(3, )

(5210 31)
(3210 51)'

where Cd, f(X) is the percentage of deformed com-
ponent in state X and where the Clebsch-Gordan
coefficients relate in-band transition amplitudes
for a K=1 band. Thus, a B(E2) value for the
5 z 3 z decay of 7.6e' fm is obtained. This
rate arises from a coherent combination of
spherical and deformed components and is in
good agreement with our measured value of (8.4
~ 0.3)e' fm'.

A similar situation obtains for the decay of the
6.026-MeV (2, ) state'" to the 3, state. The
E2 component of this transition has a strength
of (37+ 5)e' fm'. RPA calculations' predict a
much smaller B(E2) for this transition as well
as an M2 transition to ground which has not been
observed experimentally. Poletti et al. ' under-
estimate the E2 strength by a factor of 3, while
overestimating the M strength by a factor of 6.
Once again the presence of 3p-3h deformed corn-
ponents is indicated in the radiative decay prop-

Table II. Strengths of E2 transitions between negative-parity levels of 4 Ca. The experimental values are a
weighted average of the data of Refs. 7-10. The present calculation includes spherical (SPEII set of Ref. 1) and de-
formed (3p-3h) contributions to the transition strengths. ~

Transition
(Deformed-component intensity')

5( (4.7%) 3g (6.25%)
4( (0.81%) 3( (6.25%)
4( (0.81%) 5g (4.7%)

1 ) (96%) 3
~ (6.25%)

2~ (67%) 3& (6.25%)
32 (56%) 3g (6.»%)
3 (56%) 5 (4.7%)

33 {0%) -3) (6.25%)
33 (0%) 5( (4.7%)

Experiment

8.4 + 0.3
1.9 + 0.8
48+23

&25
37+5

&1
72 +18

10.6 + 3.6
4.1+2

B(E2)
(8' fm4)

Present calculation

7.6
2.5

53.6
22.0
34.9
0.84

72.0
4.0
4 7
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erties of the 2, level [as well as in the strip-
ping strength of the reaction'4'" 39K('He, d)4'Ca].
Gerace and Green' quote a value of 67% de-
formed-state admixture in the 2, -state wave
function. Using this value, the deformed tran-
sition amplitude of the 2y 3y decay can be
calculated in terms of that for the 3, - 5, de-
cay in a manner similar to that used above for
the decay of the 5, state. A coherent combina-
tion of spherical and deformed amplitudes yields
B(E2; 2, -3, ) =34.9e fm~.

The strengths of the three transitions 3,
5] & 5y 3y, and 2, - 3, are all underes-

timated in p-h calculations. Actually, the exper-
imental strengths are consistent with those cal-
culated with the inclusion of spherical and de-
formed-component admixtures. The results of
such a calculation for these and six other tran-
sitions between negative-parity levels are sum-
marized in Table II. The calculated transition
strengths are in excellent agreement with exper-
iment, which demonstrates the interplay of
spherical and deformed components in the E2
rates.
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GALACTIC LINE EMISSION FROM 1 TO 10 keV

Joseph Silk and Gary Steigman
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We calculate the flux of x rays produced by low-energy cosmic-ray nuclei in 8 I re-
gions. We consider electron capture to excited states by cosmic-ray nuclei of heavy ele-
ments, followed by cascades down to the ground state. It is found that the electron-cap-
ture processes may yield appreciable line intensities in the range 1-10.keV in the galac-
tic plane.

Hayakawa' originally suggested that low-energy
cosmic rays (in the range 1-100 MeV) may be an
important heat source in the interstellar medium.
Cosmic-ray heating has been extensively studied
by Hayakawa, ¹ishimura, and Takayanagi' and
more recently by Pikel'ner, Balasubrahmanyan
et al. , and Spitzer and Tomasko, ' who find sub-
stantial agreement with the observed properties
of the interstellar medium. However, this is at
best an indirect argument for the presence of
subcosmic rays. Indeed the observed diffuse

soft x-ray flux may be of comparable significance
as a heating mechanism. ' In order to distinguish
between heating by subcosmic rays and other pos-
sible mechanisms, it is clearly of great impor-
tance to attempt to observe low-energy cosmic
rays. Direct observations at low energies are
unreliable because of the substantial degree of
solar modulation. 7

A more promising approach is to investigate
the interactions of low-energy cosmic rays with
HI regions. Observations yield an upper limit on
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