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A 1+ level at 5210 keV was observed in Ca, using the (y, y') reaction. The measured M1
strength to the ground state was found to be small, B(M1)&=0.1S+0.06 pN, indicating that the
Ml strength is probably spread over a wide excitation energy range. In addition, a mixed E2-M1
transition to an excited state was observed, and its 8 (E2)~ was determined to be 4.2+0.8 e2 fm .
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The current considerable interest in magnetic dipole ex-
citations, both experimentally and theoretically, has yield-
ed an extensive search for the location and strength of
transitions from ground to J=1+ excited states in the Ca
isotopes. ' McGrory and Wildenthal performed a cal-
culation in a full fp-shell model space and predicted the
M1 strength in &2,w, &6,&SCa isotopes to be located in the
excitation energy region 10—11 MeV with total XB(M1)
varying from 1.86 pN for Ca to 8.96 pN for sCa. Ex-
perimentally, the Ml strength for Ca isotopes was
found to be located in the above predicted energy region
in a single state and the B(M1) strength was observed to
be quenched by a factor of about 3 with respect to the
theoretical predictions. No conclusive evidence for 1+

states was found in Ca (Refs. 1 and 5) in the excitation
energy range 8—12 MeV. By applying the shell model for
studying the level structure of Ca allowing the four
valence neutrons to populate the single particle orbitals

Of7)2, Of5gp, Ip3/2 ipizz, it was shown ' that 1+ levels
are expected in this isotope at an excitation energy of 4—5
MeV.

In the present work we report the observation of a 1+
level in Ca located at 5.21 MeV. Experimentally, we
used the technique of random photoexcitation of nuclear
levels via neutron capture gamma rays. '

The gamma source was obtained from the V(n, y) reac-
tion yielding monoenergetic photons in the energy range
4—7 MeV. The target consists of natural Ca, 4.86 g/cm
thick. The scattered photon spectrum was measured with
a 40 cmi Ge(Li) detector. Figure 1 shows the scattered ra-
diation spectrum from the Ca target obtained at 120' with
respect to the photon beam direction. The spectrum con-
tains a strong elastic gamma line at 5210 keV. A11 the
other gamma lines (except the 3661 keV line) were identi-
fied to correspond to primary and secondary inelastic
transitions from the 5210 keV level to low lying levels in

Ca. By considering the gamma line energies given in
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FICx. 1. The scattered spectrum from a Ca target at 120 as
measured with a 40 cm' Ge{Li) detector.

FIG. 2. Decay scheme of the 5210 keV resonance level in
Ca, showing the relative intensities for deexeitation to low ly-

ing levels.
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FIG. 3. Angular distributions of the elastic and some inelas-
tic transitions deexciting the 5210 keV level in ~ca. The solid
lines have the form W(8) =1+A2P2(cos8) and are least-square
fits to the experimental data.

Fig. 1 in conjunction with known low lying levels of
Ca," the decay scheme of the S210 keV resonance level

was constructed as shown in Fig. 2. The spin and parity
of the resonance level were determined by measuring: (1)
angular distributions of the elastic and inelastic transi-
tions, and (2) the polarization of the elastically scattered
photons using a Compton polarimeter. ' Figure 3 shows

FIG. 4. A plot of the angular distribution coefficient A2 as a
function of the mixing amplitude 5 for the spin sequence
0(1)1(1,2)2.

the angular distributions of the 5210, 4053, and 3325 keV
transitions that were measured at six angles between 100'
and 150'. The Ai coefficients were extracted by fitting
the experimental results to the function
W(e)=1+A2Pi(cose). Table I summarizes the experi-
mental results concerning the angular distributions and
polarization measurements. The Ai values measured for
the 5210 and 3326 keV transitions assign the spin J=1
for the 5210 keV level. The result of the polarization
measurement was N~~/Ni =0.84+0.13, where N~~ and Ni
are the number of Compton gamma rays scattered in the
resonance scattering plane and perpendicular to it, respec-
tively. It indicates that the 5210 keV transition is Ml,
implying that the parity of the 5210 keV level is positive.
The measured value Az ———0.11 for the 4053 keV transi-
tion from the 1+ resonance level to the 2+ level indicates
that this transition has a mixed multipolarity E2/Ml.
The mixing amplitude 5 was deduced as shown in Fig. 4,
yielding the value 5= —0.27+0.08.

The radiative width of the S210 keV level was deter-
mined by measuring: (1) the absolute elastic scattering
cross section cr„, (2) the ratio Rr of the scattering cross
section at T =78 'K and T =293 'K, (3) the nuclear self-
absorption ratio R, and (4) the ground state branching ra-
tio I o/1. The results are given in Table II. Details of
such measurements were published elsewhere. '

The Ml strength for the transition from the ground
state to the 5210 keV level was obtained from the results

TABLE I. Measured angular distribution coefficients A2, the ratio N~~/N&, the multipolarities, and
mixing amplitude of the transitions from the 5210 keV resonance level to the g.s. and low lying excited
states in ~ca.

Transition
(keV)

5210
4053
3326

Spin
sequence

1+-Hg+,

1+-21+
1+ g+

0.47+0.07
—0.11+0.04

0.43+0.10

Nt( /Xj

0.84+0. 13

Multipolarity

Ml
E2/M1

M1

Mixing
amplitude

5

—0.27+0.08
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TABLE II. Measured values of the temperature variation ratio R~, the self-absorption ratio 8, the

scattering cross section 0', the branching ratio I 0/I, and the total width I of the 1+ 5210 keU level in

Ca.

1.10+0.07 0.01420.006

(mb)

0.35+0.04 228+40

r,
(meU)

80+30

given in Table II. The value is B(M1)1=0.15+0.06 pN
This value for the M 1 strength in Ca is small compared
to the experimental Ml strength in Ca and Ca (0.59
Jsw, 4.0 pN, respectively') and to the predicted value of
McGrory et a/. for Ca.

The 5210 keV level is at a much lower excitation energy
than observed and predicted by Refs. 1 and 2, but within
reasonable agreement with the shell model calculations of
Fu et al. , and Federman and Pittel. The relatively low
value of B(M1) strongly indicates that the Ml strength in
~Ca is highly fragmented and spread over a wide energy
excitation range, as also suggested by Richter.

From the measured mixing amplitude of the 4053 keV
transition, the E2 width obtained was I =3.8 meV, which
corresponds to B(E2)1=4.2+0.8 e2 fm where B(E2)t is
given by'

B(E2)i =1.22 X 10'I (E2)/E' .

This B(E2)l value is very close to the average over 11 E2
ground state transitions from levels in the excitation re-
gion 3.9—10 MeV observed in the neighboring Ca iso-
tope. ' This average value was found to be 5.8 e2 fm . It
is also of interest to note that this E2 transition has

kzz ——(4.5+0.8) X 10 ' MeV, where kF2 is defined by

k,=I (E2)/(E'xD x&"') .

We used D =0.5 MeV for the spacing between 1+ levels
at 5 MeV excitation energy. This value was extracted
from the table given by Lynn' and corrected for excita-
tion energy and spin dependence using the relation of
Maruyama, ' with a level density parameter a = 11
MeV '. The k~2 value is very close to kz2's reported in a
previous work' for '"'Pr and Tl, and from (n,y) experi-
ments in Er, Gd, Pd, and Ho. ' This fact indicates in-
dependence of high energy (5—8 MeV) E2 transition
strength on mass number.
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