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Highly polarized tagged photons ~ere used to measure the distribution of hf1 transition
strength in I~CC at excitations between 6.7 and 8.7 MCV. A strength of ggl"PM1)/I 11.2-+i;f
eV corresponding to a 8(M 1t) of about 7.5tttt was observed centered at an excitation of 7.95
MeV. This distribution of M1 strength can account for the giant magnetic dipole resonance
predicted in ' Ce.

Simple theoretical arguments suggest that the best ex-
amples of the spin-flip giant magnetic dipole resonance
should be found in heavier nuclei near closed shells. '

Aside from the Pb nuclei, for which the extensive theoreti-
cal and experimental work has been recently reviewed, 2

the closed neutron shell N 82 nuclei are perhaps the most
interesting candidates for investigation. Early inelastic
electron scattering at backward angles showed broad reso-
nances near 9 MeU in Ce, La, and Pr which exhibited an
angular dependence typical of magnetic transitions. A
further analysis of the Ce data favored an M 1 assignment
for the 8.7 MeV resonance in this nucleus. " Threshold
(y,n) measurements also indicated that the M 1 radiative
strength functions k(M1) were anomously large in ' Ba
and ' Ce at excitations just above the respective neutron
binding energies. ' These threshold results could be un-
derstood in terms of quasiparticle-phonon model calcula-
tions, and were not inconsistent with an M 1 interpreta-
tion of the (e,e') data. s' Subsequently, more precise back-
ward (e,e') measurements with improved resolution were
able to show that the broad 8.7 MeV resonance observed
in '~ Ce was in fact due to M2 transition strength. s It
became clear, however, that the strong sensitivity of the
backward (e,e') technique to M2 strength was capable of
masking the possible presence of M1 transition strength,
particularly if the M 1 was in some degree fragmented. '
More recently, forward inelastic proton scattering has
been used to look for M 1 strength in ' Ce (Ref. 11). As
in the (e,e') work, a very broad bump was observed cen-
tered at about 8.6 MeV. The measured (p,p') angular dis-
tribution was found to be consistent with the presence of
both M1 and M2 transitions in the resonance region. "
Quant1tatlvc cstIIIIRtcs of thc M 1 sfrcllgtll Rrc probicmatI-
cal not only because of the possible M2 admixture, but
also because of a large inelastic scattering background
that is not well determined.

In the present paper, we report the results of a measure-
ment of the distribution of magnetic dipole transition
strength in ' Ce using highly polarized elastically scat-
tered tagged photons. The tagged photon average elastic
scattering cross section is sensitive to all of the dipole tran-
sition strength in a particular tagging interval ~, and is
independent of either the number of resonances included
in the excitation interval or their respective individual
magnitudes. '2' The tagging coincidence requirement in-
sures that there is no background subtraction problem to
complicate the interpretation of the data. In addition, the
present results are not confused by the proximity of M2
strength because the measured polarization asymmetries
serve to separate M 1 from both the dominant E 1 and any
possible M 2 contributions.

The linear polarization of the tagged photon beam was
substantially enhanced by means of the residual electron
selection technique previously described in Refs. 14 and
15. A natural cerium target and a large NaI photon detec-
tor at 90' could be moved remotely between the positive
(s) and negative (o) beam-polarization orientations. The
detector could also be moved to 0' in either orientation to
give a direct measure of both the photon flux incident on
the target per tagging electron, and the detector response.
As a result, all geometric and detector efficiency factors
cancel in the measured asymmetry ratios. The incident cw
electron-beam energy was 12.9 MeV and photons were
tagged in the range 6.7~E„~8.7 MeV. The residual
electron azimuthal acceptance was 3.0' «h, ~4.5'. ' Al-
though a natural cerium target was employed, at excita-
tions above 7.2 MeV essentially all of the elastic photon
scattering comes from the ' Ce isotope.

The measured polarized photon elastic scattering asym-
metry ri( is shown in Fig. 1. The solid curves are an indi-
cation of the asymmetries that would be expected for pure
E1 and pure M1 scattering. These curves were obtained
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FIG. 1. The observed polarized photon elastic scattering
asymmetry at 90' in cerium. The curves correspond to the ex-
pected asymmetries for pure E1 and pure M1 scattering.

FIG. 2. The fraction of the elastic scattering cross section
which is due to M1 transition strength is shown in the inset.
This fraction is combined with average elastic cross section data
from Ref. 16 (filled circles) to give the actual M1 cross section
distribution (open circles).

from a detailed calculation of the photon polarization in
first Born approximation, with screening, averaged over
the photon target and the residual electron acceptance as
described in Ref. 14. The polarization distribution was
normalized to the nine largest asymmetries in the '4 Ce
data. These points could be assumed to reflect predom-
inantly E1 scattering. In the two target orientations, the
respective photon polarizations changed slowly with ener-

gy, having mean values P' +0.47 and Po —0.53, con-
sistent with previous measurements. '"'s

In each tagging interval, the observed asymmetries give
the fraction m of the total elastic photon cross section that
is due to M 1 transition strength, ' '

A plat of this quantity is shown in the inset to Fig. 2. Also
shown in Fig. 2 are previously measured natural cerium
average elastic cross section data from Ref. 16 which are
combined with the fractions m to give the actual M 1 cross
section distribution (open circles). All of the statistical
uncertainties associated with the elastic cross section mea-
surement, the asymmetry measurement, and the polariza-
tion normalization are reflected in the error bars. There is
a concentration of M 1 cross section at excitations between
about 7.6 and 8.3 MeV. The total magnetic dipole transi-
tion strength in the interval is ggI o2(MI)/I"=11.2+35~

eV.
This Ml strength, centered near 7.9 MeV, is much

more localized than the broad magnetic scattering bump
found in the (p,p') data of Ref. 11, which extends from 7
to 11 MeV. Part of the width of this latter may derive
from uncertainties due to target contaminants and large
backgrounds. " It is possible, ho~ever, that much of the
width of the (p,p') bump may reflect the broad concentra-
tion of M2 strength observed by inelastic electron scatter-
ing in the range between about 7.5 and 10 MeV; and that
both the M 1 strength, observed in the present experiment
to be spread over 0.8 MeV centered at 7.9 MeV, and the

M2 strength of Ref. 8, which is distributed over 2.2 MeV
centered at 8.7 MeV, can together provide a consistent ex-
planation for the observed (p, p') angular distribution of
Ref. 11.

In order to compare the measured M 1 elastic scattering
cross section more directly with theoretical predictions, it
is useful to have an estimate of the corresponding magnet-
ic dipole reduced transition probability 8(M1 t ).
8(Ml t) can be derived from ggloz(MI)/I if it is as-
sumed that the ground state partial widths follow a
Porter-Thomas distribution and if the average ratio (I )/D
can be estimated for 1+ excitations. ' '~ D was obtained
from a standard back shifted Fermi-gas level density for-
mula' ' with the parameters a =15.1 MeV ' and

1.35 MeV taken from Ref. 19. The average M 1 total
width was estimated from neutron capture total radiative
width systematics2 2' and the approximation

(r, (M I )& (ro(M I )&

(1.,(s 1 )) (I o(E1)&

where m 0.14 is taken from the present experimental
measurement. The resulting total reduced transition prob-
ability corresponding to the measured Ml strength is
8(M1 t) 7.5+j~p$. It should be noted that the deriva-
tion of 8(M1t) is not strongly dependent on the average
parameters (I ) and D. ' In the present case, a 30% change
in the ratio (I &/D would produce only a 12% change in

8(M 1 t)
It is expected that a number of effects including ground

state correlations, 2p-2h and isobar couplings, and meson
exchange currents will serve overall to reduce the strength
of the giant M1 resonance in '" Ce relative to the value
that might be predicted by the naive independent particle
model. In the case of Pb, both a Landau-Migdal effective
operator calculation with explicit one-meson exchange,
and a more microscopic theory which attempts to include
some of the effects listed above explicitly were able to ac-
curately predict the observed distribution of M1 strength



34 GIANT M1 RESONANCE IN 'Ce 2015

TABLE I. Comparison of predicted and observed M1 strength in '~Ce.

Theory (Ref. 24)

Configuration

(v)
(v+ n)

7.89
7.99

8.25/tf
9.85/t) 6.13 0.78/tf

E — (MeV) a(~1l) — Z (MeV) a(/M 1 I)+

Present work 7.95 7.5-'):5 3

in 20sPb (Ref. 15). A corresponding effective operator cal-
culation of the giant M 1 resonance in '~Ce using the re-
normalization of Ref. 22 has been done by Wambach. z

The results of this calculation are compared with the
present experimental work in Table I. Because the contri-
bution of the tr(g7/q, g9/q' ) configuration is expected to be
at least partially blocked by protons fillin~ the g7/q orbital,
the calculation is given for the v(h9/z, h~t/q) configuration
alone, as well as for both v(A9/z h)]/z) and tr(g7/p g9/Q ).
In the latter case, as in Pb, both isoscalar (+) and isovec-
tor ( —) states are predicted, with the bulk of the strength
going to the isovector state. Table I shows that the agree-
ment in both excitation energy and strength between the
theoretical prediction and the present experiment is very
good. Microscopic calculations in Pb and Zr predict
giant M 1 resonance widths on the order of 1 MeV, with a
fraction of the strength tailing upward to much higher ex-
citations. zs These predictions are consistent with the ob-
served M 1 strength in '~Ce which is seen to be concen-

trated within a range of about 0.8 MeV. A similar high
energy Ml tail in t~Ce might also be reflected in the
enhanced k (M 1 ) found above threshold at 9.1 MeV.

In summary, the distribution of magnetic dipole
strength in ' Ce has been measured at excitations be-
tween 6.7 and 8.7 MeV using highly polarized tagged pho-
tons. A total M 1 strength of ggI 02(M I)/I 11.2+-3'. t eV
corresponding to 8(M 1 f )-7.5Jt) was found at an excita-
tion of 7.95 MeV. This distribution of M 1 strength can
account for the giant magnetic dipole resonance predicted
in cerium.

The authors wish to thank the operators of the MUSL-2
electron accelerator. One of us (R.L.) would like to thank
J. Wambach for a number of useful discussions. This
work was supported by the U. S. National Science Foun-
dation under Grant No. NSF PHY 83-11717. One of us
(P.R.) gratefully acknowledges a fellowship from the Max
Kade Foundation, Inc. , New York.

'Present address: II Physikalisches Institut, Bunsenstrasse 7-9,
D-3400 Gottingen, West Germany.

Present address: MIT Lincoln Laboratory, Lexington, MA
02173.

'A. Bohr and B. R. Mottelson, /Vuclear Structure (Addisou-
Wesley, Reading, MA, 1975), Vol 2. .

R. M. Laszewski and J. W'ambach, Comments Nucl. Part.
Phys. 14, 321 (1985).

3R. Pitthan and Th. Waleher, Phys. Lett. 368, 563 (1971).
4R. Pitthan and Th. Walcher, Z. Naturforsch. 27a, 1683 (1972).
sR. J. Holt and H. E. Jackson, Phys. Rev. C 12, 56 (1975).
6R. M. Laszewski, R. J. Holt, and H. E. Jackson, Phys. Rev. C

13, 2257 (1976).
7V. G. Soloviev, Ch. Stoyanov, and V. V. Voronov, Phys. Lett.

798, 187 (1978).
sA. Richter, in Praceedings of the International Conference on

Nuclear Physics with EIectromagnetic Interactions, edited by
Areuhovel and D. Dreschel (Springer, New York, 1979), p.
19.

9D. Meuer, G. Kuhner, S. Muller, A. Richter, E. Spamer,
O. Titze, aud W. Knupfer, Phys. Lett. 1068, 289 (1981).
V. Yu. Ponomarev, V. M. Shilov, A. I. Vdovin, and U. V. Voro-
nov, Phys. Lett. 978, 4 (1980).

~'C. Djalali, N. Marty, M. Morlet, A. Willis, J. C. Jourdain,
N. Anantaraman, G. M. Crawley, A. Galonsky, and P. Kitch-
ing, Nucl. Phys. A3$8, 1 (1982).

'ZR. M. Laszewski and P. Axel, Phys. Rev. C 19, 342 (1979).
' T. Chapuran, R. Vodhanel, and M. K. Brussel, Phys. Rev. C

22, 1420 (1980).
'~R. M. Laszewski, P. Rullhusen, S. D. Hoblit, and S. F. Le-

Brun, Nucl. Instrum. Methods Phys. Res. Sect. 8 288, 334
(1985).

~5R. M. Laszewski, P. Rullhusen, S. D. Hoblit, and S. F. Le-
Brun, Phys. Rev. Lett. 54, 530 (198S).

'6R. M. Laszewski, Phys. Rev. C 34, 1114 (1986).
'7P. Axel, K. K. Min, and D. C. Sutton, Phys. Rev. C 2, 689

(1970).
A. Gilbert and A. G. %. Cameron, Can. J. Phys. 43, 1446
(1965).

'9W. Dilg, W. Schantl, H. Vonach, and M. Uhl, Nucl. Phys.
A217, 269 (1973).

OH. Malecky, L. B. Pikel'ner, I. M. Salamatin, and E. I. Shara-
pov, Yad. Fiz. 13, 240 (1971) [Sov. J. NucL Phys. 13, 133
(1971)].
H. Malecki, A. 8. Popov, and K. Tshezak, Yad. Fiz. 37, 284
(1983) [Sov. J. Nucl. Phys. 37, 169 (1983)l.

22J. Speth, V. Klemt, J. %'ambach, and G. E. Broom, Nucl.
Phys. A343, 382 (1980).

3D. Cha, 8. Schwesinger, J. Wambach, and J. Speth, Nucl.
Phys. A430, 321 (1984).

z4J Wambach (private communication).


