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We have used the (~- ,fi”) charge-exchange xeaction at 165-MeV kinetic energy to

etudy the T + 1 component of the isovector monopole resonance (IVM). The nuclei

“°C*, 60F’i, 90Zr, 120Sn, 140Ce, cnd 208Pb were used as targets. We also observed

the T + 1 component of the giant dipole resonance (GDR) in the lighter targets. The

(n+,no) reaction also yielded positive results for the T - 1 component of the IVM

40Ca, 60Ni, and 90Zr.and GDR in

Pion charge exchange is well suited to the study of isovector giant resonance

and particularly the IVM for a number of reasons. The pion is epinless and at

forward angles the excitation of epi[l-flip states is stror~gly inhibited The

charge-exchange reactions proceed through the T ● T piece of the n nucleon t matrix

and hence charge-exchange reactions ❑ust excite isovector states. This is in

contraut to inclactic hadron scattering which etrongly excites Ieoscalar states.

Giant resonances have large transition densities in the nuclear ~urface. Since

165-MeV n’s are etrongly absorbed, they cruple efficiently to these lrface-peaked

transition densities. This point is crucial for monopole modes where the volume

integral of the transition deneity vanishes. The excitation of a ❑onopole mode by a

weakly absorbed probe 16 therefore strongly suppressed at forward angles. The

angular distributions produced by the aitrongly abeorbed 165-MeV n’s are sharply

diffractive And allow a Lirect determination of the angular momentum of the final

states. Finally, the Coulomb energy ahifte the T + 1 component of the IVM to a

low-excitation energy in the (fi-,mo) daughter nucleus. The decay width of this

otate is therefore reduced,

Figure 1 chows plots of double-differential cross eectione for the (m-two)

reaction vs the kinetic energy of the detected mO’ll. Representative targets 60Ni

●nd 140Ce are rhown. The top spectra have a acatt?ring angle of 4° near the forward

direction where the IVM cross section 16 largest. The ❑iddle spectra have a

scattering ●ngle of 15° where the IVM cro~~ section 1s small and that of the GI.)R is
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largest. The bottom spectra are at 33°

sections. The dashed lines represent a

where both the IVM and GDR have small cross

smoothly interpolated background. In Fig. 2

we plot the normalized cross section R in the ❑onopole region of the spectra eection

R in the ❑onopole regioo of the epectra va momentum transfer squared (q = ~ sin 0).

The monopole-region cross nec:ionf) *ere di ‘ided by the obeerved differential cross

section

J d 20—. dT (monopolc reglort)
R . _dndT———— — —. ,,.

J-#’TdT(Ex < 7OMeV)

It la the exceae of croea section above the linearly extrapolated background that we

identify ee due to the IVM. The first minimum of the IVM angular distribution
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occurs where qR = 1/2 n , where R is the n ab~orption radfu6, This point

indicated on Fig. 2. The obeerved break points between the ba:kgrcund and

forward-peaked IVM feature are near the 1/2 n point for each nucleus.

Angula~ distributions, excitation energies, and widthfi were exLracted

is

the

by

fitting the double-differential cross sectlong to n sum Gf IVM, Gl)Ii, and nonresonant

background component. The background wae smoo~hly interpolated ander the
.

remonancea ae a function of qz and \o. The angular distribution for the lVN and

GDR peak~ in the 6“Ni(m-,TIO) data are shown in Fi~. 3, The ●olld lines are the

nngular distribution of Auerbach ●nd Klein] normalized to thu data. In Tih. 4 we

show the ratio of fitted maximum mc)nopol~ ●nd dipole cross sections to the

Calculation of Auerbach ●nd IUein for the diffarent targetu. The dipolm and

monopole ratios ●gree to within the statistical error- except for the \II+,mO ) 14uCe

●nd 208 Pb data where the nonresonant background is large, leading to large

systematic errors in the deccmpooltion of the spectra. In Fig. 5 we show excitation



Scattering Angle
FIR. 3.

—.

ml

7“

r—-
Expt!g

i–
RPA-DUIA

0

.5- %

To+ 1 in (W-,mo) “

d ● Xvl’1

o . m CDR

I

P
‘o - 1 in (n+,mo)

3

.5 .
i

F

I

i

k
i

1,41

0. J
CQ N( n Sn 4 bb

A~/~

Fig. 4,

energies and widthm again compared to the RPA theory of Ai~erbach and IUein.
The

agreem@nt la remarkable.

We obeerved no hint of isovector quadruple signal. For example, in the 6UNi

(w-,mo) data where we observe 70% of t4e IVM and GDR croae eections predicted by th~

RPA-DWIA theory, we observe <25X (90% confidence) of the isovector quadruple

predicted croaa section.
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Our conclusions are: The IVM is a systematic feature of nuclei from 4Qca to

208Pb. Itt3 excitation energy and width are well reproduced by R.PA calculations.

ILS croos ~ectlon is large, indicating the collective nature of the state, and is in

qualitative ●greement with RPA-DWIA theory. The IVM and GDR croaa ●ectiona deviate

from RPA-DWIA theory by the same ratio. The abaence of the iaovector qlladrupole

resonance poses an intereatin8 problem.

REFERENCE

1. N. Auerbac,h ●nd A. Klein, thin conference proceedings.


