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Energy dependence of cross sections for pion double charge exchange on60,62,64Ni
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Double charge exchange cross sections have been measured atuL55° andTp5 230, 180, and 140 MeV for
targets of60,62,64Ni. Results are compared with previous data at 292 MeV and with a generalized seniority
model.@S0556-2813~97!02005-0#

PACS number~s!: 25.80.Gn, 24.30.Gd
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Pion-induced double charge exchange~DCX! has been
investigated at several incident energies for58Ni, for which
the double isobaric analog state~DIAS! is the ground state
~g.s.!. References@1,2# present 5° cross sections at a sing
incident energy of 292 MeV, while Ref.@3# measured an
excitation function from 120 to 292 MeV, again at 5°.

A separate experiment@4# presented 292-MeV results fo
60,62,64Ni. Combined with58Ni data, the DIAS and g.s. cros
sections were compared to predictions of a generalized
niority model @5,6#, which gives

sDIAS5
n~n21!

2 Ua1
b

n21 U
2

,

sg.s.5
n~n22!~2V122n!

2~2V11!~n21!
ubu2.

Apart from a factor (A0 /A)
C, the amplitudesa,b are inde-

pendent ofN,Z,A of the target, but they do depend on inc
dent energy and scattering angle. The quantityV is six for
Ni (2V represents a full shell!, andn is the neutron excess

TABLE I. Cross sections~in nb/sr! for the DIAS as a function
of energy at 5°~laboratory! for natural and isotopic Ni targets.

Tp ~MeV! 60Ni 62Ni 64Ni natNi

292a 295655 471672 9746172 198626
260 196646
230 172629 360671 5846114 168637
180 89638 325689 4636142
164 100633
140 52645 93682 2126159 1366117

aRef. @4#.
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n5N2Z. In the amplitude, the exponentC is about 1.5. As
we are dealing with a very narrow range ofA, we ignore this
factor. At 292 MeV, the results were consistent with t
generalized seniority model. The present experiment d
with results for 60,62,64Ni at other energies.

The experimental setup was as in Ref.@4#, except that the
strip target contained two pieces of60Ni, and no natNi.
Rather, natNi data points were obtained with a separate f
target. Peak areas were extracted in the usual manner.
malization runs using a CH2 target were performed at eac
bombarding energy. Resulting DIAS cross sections are lis
in Table I and plotted in Fig. 1 for each isotope.

Because DIAS cross sections and pion beam fluxes
larger at 292 MeV, statistics are limited at these lower en
gies. Nevertheless, we can compare results with senio
model predictions. Within the limited statistical accurac
the 60,62,64Ni DIAS data allow extraction ofa,b, and their
relative phasew. The quantities ofa,b are related to the
earlier@4,5# A,B byA5a1b/V, B5@(V21)/V#b. At 292
MeV, fitting only DIAS cross sections resulted ina'b

FIG. 1. Cross sections at 5° vsTp for the DIAS in
58,60,62,64Ni(p1,p2). Data for 58Ni are from Ref.@3#, and other
292-MeV data are from Ref.@4#.
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and w;90°, whereas a simultaneous fit to g.s. and DIA
gave w;0° and a smallerb. Or we can combine with
58Ni ~Table II! and arrive at a test of the model — whic
allows one of the four DIAS cross sections to be written
terms of the other three. Figure 2 plots the values ofs64 thus
obtained, along with its measured values. The agreeme
fair.

Seniority~or generalized-seniority! models provide a con
venient prescription for seeing howT51 nuclei differ from
all others — it is only forT51 that theb term contributes
fully; for T.1, it is attenuated by a factor 1/(n21). Seldom
are statistics good enough to separately distinguish thb

FIG. 2. Measured cross sections for64Ni ~circles! and those
calculated ~crosses! from 58,60,62Ni using generalized seniority
s645(4s58218s60120s62)/7.

TABLE II. Measured 5° cross sections~nb/sr! for 58,64Ni and
calculated64Ni cross section.

64Ni
Tp ~MeV! 58Nia measured calculatedb

292 125613 9746172 6486211
230 109627 5846114 6496217
180 36613 4636142 7206272
140 41616 2126159 1556261

aRef. @3#.
bCalculated from other three isotopes using generalized seni
~Refs.@4,5#!.
is

coefficient in these higherT nuclei, but it is frequently the
case thatT51 differs appreciably from the others. In th
present example, we can note that difference by plott
s/@T(2T21)# as is done in Fig. 3. There we see that t
reduced cross section forT51 is significantly greater than
for the other three nuclei — all of which are essentially ide
tical.

One motivation of the present study was to try to det
mine if the energy dependence of the DIAS cross secti
were different for different isospin. A hint of a difference
apparent in Fig. 1 where the gap between data for58,60Ni and
62,64Ni appears larger at 180 MeV than at other energi
This difference is scarcely statistically significant, but we c
average cross sections at the two lowest and two hig
energies separately~Table III! to decrease the uncertaintie
When we do that, we find

^s~140,180 MeV!&

^s~230,292 MeV!&

for 58,60Ni is 0.3360.08, while for 62,64Ni it is 0.5060.11.
The ratio of the two ratios is 0.6560.21—not quite twostan-
dard deviations from unity. Thus, despite the appearanc
Fig. 1, we observe no statistically significant differences
the excitation functions of the four nuclei.

We acknowledge financial support from the National S
ence Foundation.

FIG. 3. Plot ofs/@T(2T21)# for 58,60,62,64Ni.

ity
TABLE III. Cross sections averaged for two low and two high energies.

Tp~MeV! 58Ni 60Ni 62Ni 64Ni natNi

230,292 122612 199626 415651 703695 188621
140,180 38610 74629 209660 3526106 103632
Ratio 0.3160.09 0.3760.15 0.5060.16 0.5060.16 0.5560.18
Ave. all Tp 8068 137619 312639 528671 162618
save/@T(2T21)# 8068 22.863.2 20.862.6 18.962.5
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