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Relationship between ground state and double analog cross sections
in pion double charge exchange
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~Received 10 May 1996!

At a pion kinetic energy of 292 MeV, comparison of averages of ground-state~g.s.! and double analog
~DIAS! cross sections on isotopes of Ni and Se suggests that the g.s. cross section is comparable to that per
nucleon pair for the DIAS.@S0556-2813~96!03412-7#

PACS number~s!: 25.80.Gn, 27.50.1e
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Many models of pion-induced double charge exchan
~DCX! predict for the double isobaric analog state~DIAS! a
forward-angle cross section of the form:

s5SA0

A D cT~2T21!u f redu2,

where A,T are mass number and isospin of the tar
nucleus,A0 is a constant, andf red is either independent o
A,T or very slowly dependent. Expressions of this type ha
been tested for data on many nuclei at an incident pion
netic energy of 292 MeV. Differences in the models a
small enough and uncertainties in the data are large eno
that meaningful exclusion of models has not been possib

Nonanalog cross sections toT22 ground states are an
other matter. They are extremely small at 292 MeV
significantly smaller than predicted in, e.g., seniority~or gen-
eralized seniority! models. The purpose of the present note
to point out a previously unrecognized relationship betwe
ground state~g.s.! and DIAS cross sections in two chains
isotopes.

In seniority models of DCX, the DIAS amplitude is
linear combination of two amplitudesA and B ~or a and
b), only the second of which has a coefficient that depe
onN, Z ~or T) @apart from the overallT(2T21) factor#. In
these models, the g.s. cross section is proportional touBu2 ~or
ubu2). In generalized seniority, with only one type of nucle
@i.e., valence neutrons outside a closed proton~and neutron!
shell, or proton holes accompanied by a filled neutron sh#,
the expressions for (p1,p2) double charge exchang
~DCX! leading to the double isobaric analog state~DIAS!
and ground state~g.s.! are @1,2#

sDIAS5
n~n21!

2 Ua1
b

n21 U
2

,

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

2~2V11!~n22!
ubu2.

Here,n is the neutron excessN2Z, and is also twice the
isospin:n52T. The quantity 2V is the number of nucleon
~of one type! required for a full shell.

The parametersa andb are related to theA andB of Ref.
@2# as
540556-2813/96/54~6!/3153~3!/$10.00
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Thea,b formalism is somewhat more natural because all
spin-dependent effects are inb, none ina.

Subsequent derivations have demonstrated that the c
plete generalized seniority expressions are more complic
@3#; i.e., requiring a third amplitude~plus phase! and, for the
nonanalog ground states, an additional~unknown! normal-
ization factor, whose magnitude depends on details
nuclear structure.

In every model of DCX, the DIAS cross section contai
a factor ofn(n21)/2 which multiplies the square of a re
duced amplitude that is a very slow function ofn—or even
independent ofn. For the DIAS, it thus seems reasonable
defines red[sDIAS /@n(n21)/2#. The g.s. cross section con
tains no suchn(n21)/2 factor, but is merelyuBu2 times the
square of a coefficient of order unity that depends slowly
n—reaching a maximum in midshell.

Even in models more general than those with good sen
ity, or generalized seniority, it is likely that boths red and
sg.s. will depend slowly onn.

These formulas have been tested@1,4# in DCX on
58,60,62,64Ni at an incident pion kinetic energy of 292 MeV
and a scattering angle of 5°. The quantitiesa andb ~or A
andB) are supposed to be independent ofN andZ within a
shell, but do depend on energy and angle. The only dep
dence on target mass is anAtgt

2C factor, which we suppress
for clarity. Relevant cross sections from Ref.@1# are listed in
Table I.

In Ref. @1#, a fit to Ni DIAS cross sections alone gave
value of b that predicted g.s. cross sections significan
larger than observed. It was possible to accommodate b
g.s. and DIAS cross sections in a fit, but with a poorerx2.
Inclusion of g.s. data naturally drove the fit to smallerb, but
it also drove the relative phase betweena andb to 0°. We
might expecta and b to have a relative phase of 0° o
180°, because all the nuclear structure numbers are real,
the pion distortions are common to botha andb.

The feature that DIAS-only fits produce values ofb that
overpredict g.s. cross sections is a general one, having b
observed in a number off7/2 nuclei. The value ofw, the
3153 © 1996 The American Physical Society
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relative phase, is generally poorly determined. In Ref.@4#,
e.g., a value near 90° was obtained, whereas the fit in
@1# prefers a value near 0°.

Serious sequential calculations have been performe
the seniority model and for several nuclei whose structur
reasonably well described within the nuclear shell model@5#.
In every case the predicted nonanalog ground state cross
tions at 292 MeV are significantly larger than the experim
tal ones.

Because boths red andsg.s.are slow functions ofn, and to
improve statistical uncertainties, we choose to average b
for 60,62,64Ni. We uses̄5(Yi /(Qi , whereYi represents the
number of counts for isotopei , andQi the normalization
factor for that isotope that converts counts to cross sect
@This is the correct expression for any count rate and
proaches the more widely used formula as the numbe
counts grows large.# These average g.s. cross sections
listed in Table II, along with the averages o
s red[sDIAS /@T(2T21)#. We note a remarkable fact—viz
the g.s. cross sections are~within uncertainty! equal to the
DIAS cross sections for a single pair~i.e., with the pair
counting factor divided out!.

The only other chain of isotopes for which DCX measu
ments exist for three or more members~all with T.1) is Se,
for which cross sections have been published
76,78,80,82Se; Ref.@6#. These are also listed in Table I. Agai
we averagesg.s. ands red, and we compare them in Table I
As for Ni, we note the remarkable near equality of these t
quantities. The fact that bothsg.s. ands red are smaller in Se
than in Ni presumably reflects theAtgt

2C distortion factor men-
tioned earlier.

TABLE I. Ground state and DIAS cross sections at 292 M
and 5° for isotopes of Ni and Se.

s ~nb/sr!
Target g.s. DIAS

58Ni a 125613
60Ni b 61623 295655
62Ni b 369 471672
64Ni b 41630 9746172

76Sec 1468 547673
78Sec 666 802681
80Sec 17610 1,0006100
82Sec 13613 1,5206150

aPhys. Rev. C50, 306 ~1994!.
bReference@1#.
cReference@4#.
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In Fig. 1, we plot as points the values o
f red[†sDIAS /@T(2T21)#‡1/2 for the isotopes of Ni and Se
and as cross hatching the average value ofAsg.s. for these
nuclei. The fact thats red and s̄g.s. are comparable is appar
ent.

Many comparisons of DIAS DCX have been performed
292 MeV. Count rates are highest there, and energy de
dence of measured cross sections is weakest. Another fa
ite testing ground of DCX theories is the Ca isotopes. D
exist for both 44Ca @7# and 48Ca @8,9#. @Remember that
T51 (42Ca here! is not relevant for our present purposes.# At
292 MeV, two independent analyses of the same44Ca data
give DIAS cross sections of 0.63760.102 @7# and 0.587
60.106 mb/sr @10#. These correspond tos red50.102
60.018 mb/sr. For 48Ca, the DIAS cross section is 1.74
60.290mb/sr at 292 MeV@8# and 1.95060.297m b/sr at
300 MeV @9#, giving an average of 0.066060.0074 for
s red. No g.s. counts were observed for either44Ca or 48Ca.
Limits are,0.076mb/sr for 44Ca@10# and,0.045mb/sr for
48Ca @8#. Thus the limits on the ratiossg.s./s red of 0.75
60.13 for 44Ca and 0.6660.07 for 48Ca are not inconsisten
with the results for Ni and Se.

What is the meaning of the observed near equality
sg.s. ands red? Because, in the simplest models,sg.s. is just
uBu2 times a coefficient of order unity, ands red is dominated
by a @f red5a1(b/n21) in generalized seniority#, the
present observation suggests approximately equal value
a,b at 292 MeV and 5°. This is rather surprising, becau
we know that, in this formulation, all the spin-depende
effects are inb, none are ina.

FIG. 1. Points are values off red[†sDIAS /@T(2T21)#‡1/2 for
isotopes of Ni and Se. Hatched areas ares̄g.s. for these nuclei. Both
are for 292 MeV and 5°. Curve represents anA25/3 distortion factor
in the amplitude.
TABLE II. Averages~nb/sr! of sg.s. ands red[sDIAS /@T(2T21)# for Ni, Se, and Ca at 292 MeV and
5°.

Targets s̄g.s. s red As̄g.s. f̄ red

60,62,64Ni 34.02611.20 35.0863.50 5.8360.96 5.9260.30
76,78,80,82Se 12.664.5 16.7760.89 3.5560.63 4.1060.11
44,48Ca ,60 70.766.5 ,7.7 8.4160.39
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And we know that (DS51)2 terms in DCX fall off as
Tp increases from 140 to 292 MeV, while (DS50)2 terms
increase. It would be very useful to comparesg.s. and
sDIAS /@T(2T21)# at a lower pion energy, e.g., 164 MeV
wheresg.s. should be much larger. There, we would expe
sg.s./s red to be very much larger than unity. A very limite
amount of data @7,8# for 44Ca and 48Ca suggests
.
s.

f-
t

s̄g.s.5131617 mb/sr ands red514.262.4 mb/sr at energies
near 164 MeV.

These results suggest that the spin-dependent amplit
b, is indeed much larger than the spin-independenta at en-
ergies near 164 MeV.
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