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Resonances were observed in pion-induced double charge exchange (at T = 292 MeV) on 13C,
59Co, 9°Nb, 1%8Ba, and '°"Au in the continuum at excitation energies of 8.4, 27.5, 33.2, 38.7,
and 44.2 MeV, respectively (Q = —27.4, —32.3, —35.8, —38.4, and —46.0 MeV). An angular
distribution was measured for the resonance on **Nb and observed to have a dipole shape.
The measured cross sections and the angular distribution agree well with a simple sequential
two-step calculation in which the intermediate states arise from single charge exchange to the
isobaric analog state and to the giant dipole resonance. Based on their excitation energies,
angular distribution for ®*Nb, and cross sections we identify the resonances as the giant dipoles
built on the isobaric analog states. The new data together with the recent observation of the
resonance in three other nuclei indicate that the excitation energies, widths, and cross sections
for these resonances have a simple mass dependence.

I. INTRODUCTION

In a recent paper! we reported the observation of gi-
ant dipole resonances (GDR) built on the isobaric analog
states (IAS) in (7%, 7~) double charge exchange (DCX)
on %®Fe, "3Ge, and ?°°Pb. The identification of these
resonances is based on the characteristic dipole angular
distribution for *®Fe, the A~1/3 dependence of the ex-
citation energies, and on the ratios of cross sections to
those of the double isobaric analog states (DIAS). The
giant dipole resonances built on isobaric analog states
(GDR®IAS) can be written in terms of charge-exchange
dipole (D-) and isospin-lowering operators (7—) acting
sequentially on the ground-state wave function!. There-
fore, for spin-zero non-self-conjugate nuclei these reso-
nances have a single spin and parity of 1=, and three
isospin members with T—1, T', and T'+ 1, where T is the
isospin of the target nucleus. The difficulty in observ-
ing double giant resonances arises mainly from the fact
that these states are located high in the continuum so
that they are in a region of very high density of states
and have a large width. Special kinematical and reac-
tion conditions are thus needed to allow their observa-
tion above background. The selectivity of the double-
charge-exchange reaction is such that AT = 0 isoscalar
transitions in the target nucleus that are very strongly
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excited in inelastic scattering have no counterparts in
the nucleus (N — 2,7 + 2); therefore the background
underneath the peak is getting reduced. An example
of this unique feature of pion DCX as an excellent tool
to study double isovector resonances is the well-known
DIAS which can be viewed in this context as the sim-
plest double-resonance state. Until recently,!:? none of
the higher double resonances had been observed.

Cross sections for the two ingredient resonances, the
IAS (Refs. 3-5) and the GDR,®7 which are strongly ex-
cited in pion single charge exchange (SCX), both have
a rather simple mass dependence, as discussed later. At
292 MeV, pion DCX is thought to proceed predominantly
by a two step (7, 7°) ® (7%, 7~) mechanism—therefore
the GDR®IAS should also have a simple form for the A
dependence which incorporates both the GDR and the
IAS systematics.

In the present work we report on new observations of
the GDRQ®IAS in five additional nuclei covering a wide
range of mass. The results from the present study and
previous work! indicate that these resonances are a gen-
eral feature of all nuclei with N — Z >1. We will also
discuss the systematics of the energies, widths, and cross
sections of these newly observed resonances as a function
of A. These give insight on their structure in terms of a
charge-exchange GDR built on the isobaric analog state
or vice versa.
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II. EXPERIMENT

The measurements were performed with the energetic
pion channel and spectrometer (EPICS) at Clinton P.
Anderson Meson Physics Facility (LAMPF) with the
standard pion double-charge-exchange setup.® The iso-
topic purity and areal density of the targets used in the
present and previous experiments are listed in Table I.
Measurements were taken at Ty = 292 MeV and a scat-
tering angle of 5°. An angular distribution was measured
on ?3Nb at scattering angles 5°-30° in 5° steps. Elec-
trons were eliminated using a freon-gas velocity-threshold
Cherenkov detector in the focal plane. A scintillator
placed behind a series of graphite blocks was used to de-
tect and veto muon events.® The remaining background
was pions resulting from continuum DCX on the target.
The choice of the highest beam energy available at EPICS
(T = 292 MeV) for the present measurements had three
advantages: (a) a lower background level from the con-
tinuum DCX spectra since the excitation-energy region
of interest is away from the inclusive DCX peak, (b) a
large outgoing energy range (=~ 50 MeV) is covered by
the acceptance of the spectrometer in a single setting,
and (c) cross sections are expected to increase as k2 or
faster.

The acceptance of the spectrometer was measured by
pion scattering from !2C at a given angle by varying the
spectrometer field to cover an outgoing pion momentum
range of about +10% of the central momentum of the
spectrometer. Absolute normalizations were obtained
by measuring m—p scattering from a polyethylene (CHy)
target of areal density 25.7 mg/cm? and comparing the
yields with cross sections calculated by w-nucleon phase
shifts in Ref. 10.

III. RESULTS AND ANALYSIS

A. Discussion of the data

Figure 1 shows the °3Nb Q-value spectra at two angles.
In addition to the DIAS at E, = 19.3 MeV (Q = —-21.9
MeV), both spectra show the existence of a relatively
wider peak located in the continuum region at about

TABLE I. Target compositions and areal densities.

Isotopic Areal
purity density
Target (%) (g/cm?)
13C 90 0.329
SSFe 91.8 1.199
**Co 100 1.079
805e 49.8 1.86
%Nb 100 1.714
136 Ba >99 0.327
197 Au 100 1.000
208pp* >99 0.516

2Reference 1.
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13.9 MeV above the DIAS. This peak is labeled GR in
the figure. The DIAS is strong at 5° but very weak at
10°, whereas the GR has almost equal strength at the
two angles. The peaks were fitted with a Gaussian and a
Lorentzian shape of variable widths for the DIAS and the
GR, respectively. In Fig. 1 we show a fit to the spectra
with I'pias = 1.6 MeV and I'gr = 5.8 MeV. The spec-
tra can be well fitted also using a Gaussian line shape
for the GR, resulting in a smaller cross section by about
50%. The width of the DIAS arises primarily from reso-
lution energy due to the thick (1.714 g/cm?) 93Nb target.
The spectra have been corrected for the spectrometer ac-
ceptance as a function of momentum. The background
(dashed line), which arises from DCX to discrete low-
lying states and to the continuum, was fitted using a
third-order polynomial shape of the form

R(1)+ R(2)E + R(3)E? + R(4)E®

where FE is the @) value. It was found that comparable
fits and cross sections are obtained if, instead, fourth-
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FIG. 1. Double differential cross-section spectrum for
(%, 77) reaction on a ?*Nb target at T, = 292 MeV: (a)
616 = 5°, and (b) 61ap = 10°. The arrows indicate the fitted
location of the DIAS and the giant resonance (GR). Short ver-
tical lines represent statistical uncertainty of the data. The
dashed line is the fitted background with a polynomial shape
and the solid line is the fit to the spectrum with the use of
NEWFIT.
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or higher-order polynomial shapes are used for the back-
ground. The solid line is the resulting fit to the spectrum.

Figure 2 presents the angular distribution extracted for
the GR on 3Nb at 292 MeV. The maximum cross section
is observed at 10° with a smaller cross section at 5° and
15°. At scattering angles of 20°-25° the resonance is very
weak and can hardly be observed, but at 30° the peak
shows up again above background. The solid and dashed
lines in Fig. 2 are simple calculations in which sequential
single charge exchange through the isobaric analog to
the giant dipole resonance is evaluated with two different
transition densities for the IAS (Refs. 1 and 11) and will
be discussed later.

Figure 3(a) shows the 133Ba Q-value histogram. Again
in addition to the narrow transition to the DIAS at
E; = 27.7 MeV (Q = —27.4 MeV), the spectrum shows
the existence of a clear and wider peak labeled GR at
about 11.0 MeV above the DIAS sitting on a large back-
ground from the continuum. The figure shows a fit to
the spectrum with T'pjas = 0.25 MeV (Ref. 12) (after
subtracting the resolution energy) and I'gr = 6.8 MeV
using a Gaussian line shape for the first and a Lorentzian
for the second. The background (dashed line) is a third-
order polynomial shape. The confidence level for the ob-
served resonances is about seven (greater than nine) stan-
dard deviations in the individual spectra on *3Nb (13*Ba)

shown in Fig. 1 [Fig. 3(a)], respectively. The 5° spectra
for 3°Co and °7Au look quite similar to those shown on
93Nb and !3¥Ba. An exception is the 13C(T = }) target.
Figure 3(b) shows the 5° DCX spectrum on the enriched
13C target. The spectrum has a strong nonanalog tran-
sition to the ground state of 130 (Q = —19.0 MeV), and
a wider peak at about 8.4 MeV above the ground state
(Q = —27.4 MeV). In this case the DIAS does not exist
and the GDRQIAS is reduced in strength. We will return
to this point in Sec. III C.

B. Energies and widths of the GDR built on the IAS

Table II summarizes the deduced energies, widths, and
cross sections for the GR observed in the present study
and those reported recently on 36Fe, "2*Se, and 203pp!l,
For T >1 target nuclei, the AT, = —1 charge-exchange
isovector giant dipole and the GDR®IAS split into three
members (Fig. 4) with isospin T-1, T, and T + 1. The
energy splitting between members AE~(T,T-1) and
AEY(T + 1,T) is a function of T' and A and was dis-
cussed in Refs. 13 and 14. Table II lists the energies,
widths, and cross sections of the GR peaks when fitted
as a whole with a single Lorentzian peak with the given
width. The data from Ref. 1 have been refitted under
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FIG. 2. Angular distribution for the peak labeled GR

in the double-charge-exchange spectrum on °*Nb shown in
Fig. 1. The cross sections have been extracted with use of a
Lorentzian line shape for the giant resonance with constant
width of 5.8 MeV and constant Q@ = —35.8 MeV (E; = 33.2
MeV). The solid and chain dashed lines are sequential model
calculations with use of surface and volume transition densi-
ties, respectively, without any normalization factor.
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FIG. 3. (a) Same as Fig. 1(a) except for enriched '*®Ba
target. (b) Same as above except for enriched *C target and
a bin size of 0.8 MeV. The arrows indicate the fitted location
of the ground state (g.s.) and the giant resonance (GR).
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TABLE II. Results from the double-charge-exchange reaction from the present and previous
work at an incident pion energy T» = 292 MeV. Cross sections are at the listed laboratory angles.
Experiment?®
Q(DIAS) Q(GR) I'(GR) Bian 42 (GR)
Target (MeV) (MeV) (MeV) (deg) (pb/sr)
3¢ —27.440.5 2.0+1.0° 5 0.1440.06
56Fe —15.6 £0.1 —34.740.6 7.142.0 12 1.1540.19
5%Co —15.9 £0.1 —32.341.1 7.243.4 5 0.9040.33
803e —18.8 +£0.1 —33.740.6 5.342.5 5 3.4040.80
93Nb —21.9 0.1 —35.840.5 5.8+1.0 10 1.88+40.27
1388, —27.3840.07 —38.440.4 6.8+1.6 5 3.4440.37
197 Au —34.9 +0.1 —46.040.8 9.0%1.6 5 5.43%+1.7
208pp —35.6 £0.1 —45.840.8 8.6+1.9 5 8.61%x1.1

2Cross sections, energies, and widths for the GDR built on the IAS obtained by fitting the GR
with a single Lorentzian peak with the listed widths. Data from Ref. 1 have been refitted under

the same conditions.

® After correcting for the resolution.

the same conditions. For '3C the listed cross section is
for the (T + 1) member, since the lower two components
are forbidden from isospin considerations.

Table III lists the predicted intensity ratios for the
GDR®IAS members in DCX, derived from simple isospin
arguments.!! These ratios are quite different from the
ratios expected for a GDR in SCX where the dipole
is in a T, = T—1 nucleus.!> We note, however, that
for both SCX and DCX reactions on neutron-rich nu-
clei the transition to the lowest isospin member of the
multiplet is dominant and the higher two components
are generally negligible. The T" and T + 1 components
are further suppressed by Pauli blocking which is not in-
cluded in the calculated intensity ratios. Table IV lists

TABLE IIL
equal reduced matrix elements.

the predicted cross sections for the GDR®IAS made us-
ing simple sequential-model calculations, using the pion
coupled-channels impulse-approximation (CCIA) code
NEWCHOP.1¢ The calculations include the ground state,
the GDR, the IAS, and the GDRQIAS. The strength
of each SCX transition has been adjusted to reproduce
the measured (or extrapolated) SCX cross section to the
GDR and the IAS. A collective transition density was
used for the dipole. For the IAS we used two different
transition densities—one volume (model I) and one sur-
face peaked (model II). The calculations using model II
for the IAS, which provide a more realistic shape for the
excess density, pexc; give quantitatively a good descrip-
tion of the measured cross sections. The calculations

Intensity ratios for isovector excitations in pion double charge exchange, assuming

Isospin members®

Target T, T:)s T, T) |T: — 1) |T3) |T: + 1)
20 (3.3 3-3 10

i (2,2) (0,0) 0.3 0.5 0.2
*2Co (&,2 (1,2 0.4 0.46 0.14
803e (6,6) (4,4) 0.72 0.26 0.03
°*Nb (3.3 (.2 0.68 0.28 0.04
138Ba (13,13) (11,11) 0.85 0.14 0.01

197 Au (8,%2) (3,3 0.81 0.18 0.01
208pp (22,22) (20,20) 0.91 0.08 0.003

®Cross section ratios have been calculated (Ref. 11) using the relations,

QT —1)(T-1) (2T-1) 3

o(T=1):0(T):0(T+1) = T(T + 1)

‘TT+1) T+ DT +1)

The T and T + 1 members are further suppressed by Pauli blocking, not included in the listed

ratios.

>Using different reduced matrix elements taken from SCX on ®°Ni (Ref. 6) (same isospin as *®Fe)

gives intensity ratios:

| Ti —1) | T) | Ts +1) = 0.41:0.48 : 0.11.
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TABLE IV. Theoretical and experimental peak cross sections.

Theory* Experiment®
Model I Model II
0 . do/dQpear (GR
c.m. (peak) do/d}(GR) do/dQ(GR) do/dQpeaic(GR) 7%,1%)}\[72
Target (deg) (ub/st) (pb/sr) (pb/sr) (nb/sr)
::C 16 0.21 0.13 0.1740.07 4.05 £1.67
*Fe 11 1.70° 1.28 1.2940.21 0.41 £0.07
*Co 11 1.71 1.07 1.2840.46 0.29 +0.10
2Se 10 3.13 2.24 4.1540.98 0.22 +0.05
“Nb 10 2.56 1.84 1.88+40.27 0.10 £0.015
12°Ba 9 5.95 3.32 4.2040.45 0.035:0.004
17 Au 9 11.35 5.65 6.59+2.06 0.0182:0.006
Pb 9 12.93 6.29 10.50+1.34 0.023+0.003

*Sequential model calculations using volume transition density (model I) and surface transition density (model II) for the
isobaric analog state, normalized to the pion single-charge-exchange data.

PPeak cross sections obtained by normalizing the 5° data points from Table II to the calculated sequential model curve using
NEWCHOP, and corrected for **Fe and *°Co for isospin components.

“Corrected for the | T; + 1) isospin component [12% for **Fe (footnote b of Table III), 16% for >°Co]. We assume that the cross
sections listed in Table II (column 6) include predominantly the | T; — 1) and | T:) components. For the heavy nuclei (A > 80)

the | T; + 1) component is negligible.

with model I, generally, overpredict the measured cross
sections for the GDRQ®IAS. More details on these calcu-
lations are given in Refs. 1 and 11. The experimental
cross sections listed in Table IV are the estimated peak
cross sections obtained by normalizing the 5° data points
to the theoretical curves. They also have been normal-
1zed upward to account for the unobserved T- isospin
component for 3Fe and 3°Co using the ratios listed in
Table III.

The energy of the T' = Ty—1 member of the AT, = —1
GDR (where T is the isospin of the target nucleus) is
related by symmetry energy to the “normal” (T = Tp)
GDR in the target nucleus observed, for example, in pho-
tonuclear reactions. Figure 4 illustrates (for target nuclei
with 7" > 1) the relation between the dipole energy in in-
elastic or photonuclear reactions and the charge-exchange
modes. For T' = 1 target nuclei the lowest member of the
GDR®IAS is forbidden, and for T' = % only the highest
(T = £) member is allowed. Table V gives a comparison
between Egpgr derived from DCX (column 6) and the
corresponding energies measured or extrapolated from
photonuclear reactions (column 9). The table indicates
that the excitation energies of the GR above the DIAS
plus the symmetry energy (AE~) are in close agreement
with the electric giant dipole energies, and can be well
represented with either an A~1/3 or A~1/6 dependence
(times a constant 76.6+1.5 and 35.0+£0.6 MeV, respec-
tively). These systematics are shown in Fig. 5 and give
strong support to the identification of the GR peaks ob-
served in DCX in the present work as giant dipole oscilla-
tions built on the isobaric analog as intermediate states.
It is known from photonuclear reactions that A/3 is too
strong and A/6 is too weak an A dependence for E1 ener-
gies. Figure 5 shows that the GDR energies derived from
DCX are also consistent with this feature. In the case of

13C we deduce the E1 energy by subtracting 2(AEc - 6)
from the measured @ value for the GR, where we have
used AEc = 1.44 x (Z< + 3)/AY/3-1.13 MeV for the
Coulomb displacement energy'” and 6§ = m,, — my,. This
procedure yields E1(75) = 27.4 — 3.8 = 23.6 MeV for
13C. This is in good agreement with the centroid energy
of 23.8 MeV for the T5 = 2 component of the GDR on
13C reported in the 3C(v,p) reaction.!® Figure 6 shows
a plot of the ratio 'z /A, where I'r . is the width of the
lowest isospin member of the GDR®IAS for *¢Fe, 59Co,
and ®Se (in which the T« component is resolved) and
the whole GR width for %3Nb, 138Ba, 197Au, and 2°8Pb

1~ GDR 1~ GDR- 1~ GDR_* IAS
"Normal' GDR , UV AR
=ma = J— e =t T
[ m— e T-1 384
B o | EoodGDR)
OE,
'/n, "//,
0§ as 0* IAS 0*1 DIAS
TRt L -7}
o) . )
g.s.
-03
T T-1 T-2
N, Z N—1, Z+1 N-2, 7+2 —Q(MeV)

FIG. 4. Schematic energy-level diagram of analog and
dipole states observed in single and double charge exchange,
compared with the EF1 resonance in the target from photonu-
clear reactions. The listed Q values refer to the case of DCX
on 138 B,,
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TABLE V. Giant dipole energies derived from DCX compared with results from photonuclear reactions.
Qr.(GR)* Iz (GR)® SE.¢ AE—? ESexe ESgx A'? ESBX AY/e EGoR!
Target (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)
3¢ 23.6+1 55.542.4 36.2+1.5 23.88
56Fe —31.840.6 3.5+1.4 16.2+0.7 1.8 18.040.6 68.8+2.3 35.24+1.2 17.6"
*2Co —29.8+0.5 3.5£1.0 13.940.6 2.1 16.040.6 62.32.3 31.61.2 17.2"
80ge —33.34+0.5 4.1+2.2 14.540.7 3.5 18.040.7 77.6+3.0 37.4+1.5 17.1!
93Nb —35.840.5 5.841.0 13.940.6 2.7 16.640.6 75.242.7 35.311.3 16.6
138, —38.440.4 6.8+1.6 11.0+0.5 3.6 14.640.6 75.443.1 33.241.4 15.3
197 Ay —46.040.8 9.0+1.6 11.140.9 2.5 13.640.9 79.1+5.2 32.842.2 13.8
208py, —45.84+0.8 8.6+1.6 10.340.9 2.2 12.540.9 74.14+5.3 30.442.2 13.5

*Energy of the T¢ = Tp — 1 component of the GDR®IAS for 6 Fe, 59Co, and 3%Se where it is resolved. Energy of the whole

resonance for the heavier nuclei (°3Nb, 13%Ba, 197Aqy, and 2OSPb).

PSame as footnote a except for widths.

6 E; = Q(DIAS)—Qr (GR) (see Ref. 22).

dAE- = T[E, — (2T + 3)E:]; E, = 50/A, and E,
value for AE~ than observed in Ref. 11.

*ESDR = 5, + AE-.

—0.003 (Ref. 14). We note that for >6Fe this relation gives a smaller

T E1 energies generally include combination of E. and E5 (Ref. 21).
ECentroid energy of the T component of the GDR (Ref. 18).

B E1 on %5Cu (Ref. 21), scaled by A/3.
iE1 on "™*Rb (Ref. 21), scaled by Al/3.

where the resonance is dominated by the lowest isospin
component. These widths are listed in column 3 of Table
V as a function of A. The figure indicates that for A >56
the width of the lowest component of the GDR®IAS is
approximately linear with A, and can be represented by
I'r.(GR)= (0.048 £ 0.004)A MeV.

T L B —
- @ Focx(GDR) x AY3 = 766
—
S 80 S $ 1
= I . ? ? |
S 60 s ¢ i
A A () Fpcx(GDR) x AY® = 350
% 40 | 5 .
a 20 — ]
€3 i |
0 1 1 ) | L | ) |
0 50 100 150 200
Atomic Mass
FIG. 5. (a) Giant-dipole resonance energies derived from

DCX (corrected for the symmetry energy) multiplied by A'/3
plotted versus mass number. The line is the best constant fit
to the data for A >80. (b) Same as in (a) except that the
GDR energies derived from DCX are multiplied by A'/¢. The
line is a fit to all eight data points.

C. Mass dependence of the GDR built on the IAS

We now address the A dependence of the cross section
of the GDR®IAS in view of the existing knowledge on
the GDR and the IAS from pion SCX reactions. The
isobaric analog state has been studied extensively using
the (n+, %) charge exchange reaction.?~% Figure 7 shows
some of the regularities of the 0° IAS cross sections at
165 and 300 MeV. The data could be well represented’
by

T T T T T T T

N 12 B ]

% - ]

= or Ir(GR) = 00484 (MeV) ]

T8 7

S - ]

« 6T I n

Q\/ 4 - J l % i -

= - E
—

2 -

O I L 1 L | Il 1 1 ]

25 75 125 175 225

Atomic Mass

FIG. 6. Widths of the lowest member of the giant dipole
resonance built on the isobaric analog state (I'r.) divided by
A plotted versus mass number (see text).
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FIG.7. The A dependence of 0° SCX cross sections for the

isobaric analog state at 165 and 300 MeV. The lines represent
fits of the function g1 (N — Z)A™ to the data. The data are
taken from Refs. 4 and 5.

do oy _ _ _a
(%), @)=n@-2a=, ®

where the (N — Z) arises from the fact that the reaction
occurs only on valence neutrons. The A~ is due to
pion attenuation and is energy dependent. At 165 MeV,
«a is 1.36 but it decreases as one moves away from the
Ag/a 372 Tesonance region where pion absorption effects
are weaker. At 300 MeV, the best representation to the
data is given by®

(E) (0°) = (18.0 £ 1.7)(N — Z2)A~1% mb/sr.
IAS

dQ
()

The S = 07— (74) mode of the GDR has been ob-
served to be strongly populated in the (7+, #°) [(z—, 70)],
charge exchange reaction.®” Figure 8 shows the existing
(zt, %) SCX data to the GDR at 165 MeV. Except for
the GDR on the *°Ca target, which has only one (7' = 1)
isospin member, the GDR cross sections on the heav-
ier targets (N # Z) (shown in Fig. 8) include all three
isospin members (T'—1, T, and T + 1) which are not
resolved with the n° spectrometer.® These three mem-
bers have different reduced matrix elements due to Pauli
blocking which favors the lowest member. Our best fit
to the summed GDR cross sections gives

do
(E)GDR (peak) = (1606 + 27) A1 ” pub/sr, (3)

where we have included the expected NZ factor. This
relation is in close agreement with calculations for the

10 - T T T T TTTTT T T T TTTT t
E ) ]
o - GDR
%)
Jragppe
310 NN R9eMev 3
C 165 MeV N, 4496/A'% -
g - 1606/A1% N .
/—9 - “\ —
o - \
2 —1
F10E E
8 - ]
) - ]
10—2 1 1 b1l | 11 1 1111
1 3
10 10° 10
Atomic Mass
~ FIG. 8. Normalized GDR peak cross sections obtained in
the (r+,7°) reaction at 165 MeV as a function of A. The

data are taken from Ref. 6. The solid line is a fit at 165 MeV,
Eq. (3), and the dashed line is a theoretical calculation for
the GDR at 292 MeV, Eq. (5) (see text).

T = Tp, AS = 0 GDR in the strong absorption approxi-
mation which gives!®

do NZ
(B om0 e

Both Eq. (3) derived from the data and Eq. (4) derived
from theory imply a very weak A dependence at the max-
imum cross section since NZ =~ AZ%. Since no SCX data
exist for the GDR at 292 MeV, we calculated the GDR
at this energy using the code NEWCHOP (Ref. 16) with
dipole transition strengths adjusted to give the experi-
mental peak cross sections at 165 MeV. This method was
tested by calculating the energy dependence of the SCX
cross section for the GDR and is discussed in Ref. 11.
The calculated GDR cross sections at 292 MeV (dashed
line) are well represented by

do NZ
(E)GDR (peak) = 4496 —— S pb/sr. (5)

Thus, except for a scaling factor (of about 2.8), the cal-
culations at 292 MeV predict virtually the same A de-
pendence for the GDR as is experimentally observed at
165 MeV. The increase in the GDR cross section with en-
ergy is due to a k? factor, where k is the incoming plon
momentum, and is dlscussed in Ref. 7.

If we use the E'1 classical sum rule for the dipole:2°

S(E1) = 14872 = MBI B *fm®MeV,  (6)

where |M(E1)|? is the dipole transition strength, then
in similarity to the IAS, one can factor the GDR cross
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FIG. 9. Plot of normalized cross section vs A for the giant
dipole built on the isobaric analog state (Table IV, column 6)
measured in the present and previous DCX reactions at 292
MeV. The line is a power-law fit to the data [Eq. (8)] excluding
the '*C data point (see text).

section as strength times an attenuation factor:

(do/dQ)apr ~ |M(E1)[2A= = 14.8%,4“’. )

Then, if the dipole energy varies as A~1/3, results of Eq.
5 together with Eq. 7 give o =1.18. This result is in
close agreement with the pion attenuation observed at
this energy for the IAS, Eq. (2).

Including the present data, the existing data on the
GDR®IAS consist of the eight data points listed in Table
II. The experimental peak cross sections (Table IV) are
well represented (Fig. 9) by the function,

pb/sr.

(8)

The 3C data point is too small by about a factor of
2 or 3 in the A-dependence plot. The relatively small
cross section for the GDR®IAS in this case is due to
the fact that from isospin considerations the resonance
on 13C can be reached only through the IAS or the TS
GDR as an intermediate state. Therefore, in this case

da) NZ
— (peak) = 4199(N — Z)—55;
(dﬂ GDRQIAS Az
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the coupling through the GDR has only 3 of its normal
strength. On the other hand, for all heavier nuclei stud-
ied in the present experiment the GDR®IAS arises by
coupling through both the IAS and the full GDR inter-
mediate states. Therefore in Fig. 9, we exclude the 3C
data point from the fit.

The result of Eq. (8) is interesting in view of the regu-
larities for the IAS and the GDR pointed out earlier. It
is likely that the (N — Z) arises from the IAS transition,
Eq. (2), and the NZ factor from the GDR form factor,
Eq. (3). One can similarly break the cross section for the
GDRQ®IAS as the product of the strengths of the first
and second step times an overall attenuation factor for
DCX:

da) NZ _.
el ~ (N — Z)—==A® (9)
(dQ GDRQ®IAS A2/3

A comparison of Egs. (8) and (9) yields o/ =1.67. This is
an interesting result which indicates that for pion DCX,
where three pion propagations are involved, o’ is about
50% larger than for SCX (leading to the GDR or the
IAS) in which only two pion propagations are involved in
the reaction.

IV. SUMMARY

In conclusion, we have reported the observation of a
charge-exchange giant dipole resonance built on the iso-
baric analog state in pion double-charge-exchange scat-
tering on 13C, 53Co, 93Nb, 138Ba, and °"Au. The E1
energies derived from DCX in the present and previous
studies are consistent with an A~1/3 or A~1/6 depen-
dence, and agree (after correcting for the symmetry en-
ergy) with the results from photonuclear reactions. The
93Nb angular distribution has a clear dipole shape. Sim-
ple sequential-model calculations with collective transi-
tion densities give quantitatively a correct description of
the measured cross sections. The data from the present
and recent observations indicate that the newly discov-
ered resonance is a general collective feature of all nuclei
with N — Z >1 and has a simple mass dependence which
seems to incorporate the two ingredient resonances, the
isobaric analog resonance, and the giant dipole reso-
nance.
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