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Measurements of cross sections for the (m+, ~ ) reaction to the double isobaric analog state on

targets of Si, ' S, Ca, ' Ti, "V, "Cr, and "Ni at Ol, b
——5 and an incident pion kinetic energy of

-292 MeV are presented. We also present limits for the cross section to the residual ground state
for the four T & 1 targets. The data are compared with a phenomenological two-amplitude model

and with a two-amplitude model that uses seniority-zero shell-model wave functions. The latter
model provides expressions for both ground state and double isobaric analog state cross sections.

One of the mysteries of the (~+,n. ) double-charge-
exchange (DCX) reaction to the double isobaric analog
state (DIAS) has been the apparent difference in the
mass dependence of the forward angle (generally 5 )

differential cross section for the reaction on T =1 targets
and on T & 1 targets. The mass dependence in general is
well reproduced by an A tgt' behavior. ' However, as
first pointed out by Seidl et al. and noted in Ref. 1, if
only T=1 targets are considered the data are repro-
duced by an A tgt dependence rather than by A tgt'

Fortune and Gilman (hereafter referred to as FG)
have applied an earlier, phenomenological, two-
amplitude model ' to the DIAS data at 292 MeV. In
this two-amplitude model the DCX cross section is given
by

d ~DIAS
=

I fNA+f DIAT &«'
DCX

18 fDIAT("» .
tgt

The term, fNA, is a nonanalog amplitude and is assumed
to vary as

fNA(Atst)=
16

~ core

2/3

fNA("O) .

The relative phase between the two amplitudes is P. The
mass dependence of fNA, which is proportional to
A,«e, is that suggested ' for DCX in cases for which

The term, fDIAT, is the amplitude that proceeds through
the double isobaric analog transition (DIAT) and has the
expected form

1/2
(N Z)(N —Z —1 )—fDIAT( A t t )g 2
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there is no DIAT, i.e., on T =0 targets.
Recently another two-amplitude model has been pro-

posed as arising from a description of the calcium iso-
topes in terms of the v(f7/2)" shell-model space with
seniority zero. That result for the Ca isotopes has been
further generalized' to apply to DCX transitions be-
tween any (f7/2)" nuclei. In that framework,

d ~DIAs

d ADCX

(X —Z)(X —Z —1)
2 ~

A + factor &(B & e '~
,

'

(4)

where g is the relative phase between the two amplitudes
and

(n —2 T)(n +2T+2)(6j +7)
(2j —1)(2T +3)(2T —1) 4(j+1)

I /2T(T —1)(n +2T+2)(n —2T+4)(4j +6—n —2T)(4j +4—n +2T)
(2T —1)(2T+ 1)

dCT

d ADcx
(2j+1)

8(2j —1)(j +1) (6)XB

In addition to providing an expression for do. ' /dBDcx, this model also provides an expression for the cross sec-
tion for transitions to the ground state (g.s.) of the final nucleus do. '/dAocx. .

2

In these expressions T is the isospin of the target nu-
cleus. The quantity n is the smaller of the number of
particles or holes in the shell and j is the angular
momentum of the shell being considered. For (f7/z)"
nuclei, j =—', and n is the smaller of A, g,

—40 and
56 —A,g, . The quantities A and B depend on pion kinet-
ic energy, but at a given T they can be determined by
fitting the experimental cross sections. References 9 and
10 do not address the question of the dependence of A

and B on A,g, .
In this paper we report differential cross sections for

transitions to the DIAS at T -292 MeV and O~,b
——5' on

seven targets and limits for the nonanalog transition to
the ground state on the four T & 1 targets. These mea-
surements were performed at the Clinton P. Anderson
Meson Physics Facility (LAMPF) using the EPICS
channel and spectrometer in the configuration for small-
angle DCX measurements. " Targets used included

Si02, S, CaCO&, Ti02, natural V metal, natural Cr
metal and Cr02, and Ni metal. Figure 1 shows the
spectra for the three N =28 targets measured in this
work. Target thicknesses and enrichments are listed in
Table I along with the measured cross sections. The
data for Ti and Cr, for which there was a significant
fraction of the other isotopes in the targets, have been
corrected by estimates of the contribution of the other
isotopes to the DIAS peak. This correction is necessary
because the DIAS Q value is nearly the same for all the
isotopes of a given Z, and these contributions are not
resolved. These estimates were made by assuming that
the T = 1 (T ~ 1) DIAS cross sections are proportional
to AIsI (/I, z,

' /
) and using the relative percentages of

the different isotopes in the targets. The fraction of
DIAS counts from the isotope of interest is 0.826 and
0.858 for the Ti and Cr targets, respectively. We es-
timate these numbers to be accurate to —1.5%%uo and
these uncertainties have been included in the errors
given in Table I for the Ti and Cr targets. Absolute
normalizations were made by comparison to
'H(Ir+, ~+)'H scattering. We estimate the uncertainty
in our absolute normalizations to be +S%%uo.
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FICx. 1. Spectra obtained in this work for the ( ~+,~ ) reac-
tion on targets of Ti, 'V, and Cr. The DIAS is clearly ap-
parent. The arrows show the expected position of the residual
ground state for each target.

Our new DIAS measurements, together with the pre-
vious data' ' ' ' at T -292 MeV and Oi, b

——5' for
A tgt (60, are displayed in Fig. 2. Also shown in Fig. 2
are the results of fitting the seven T = 1 cross sections to
an A,g, dependence; of fitting all the displayed data
and the Sr (Ref. 17), Zr (Ref. 17), Pb (Ref. 18), and
~o9Bi (Ref. 19) cross sections to an /I, s,

' dependence;
and the results of fitting the displayed data to the FG
two-amplitude model, Eq. (1). The results of the FG fit
to the DIAS cross sections for A (58 are given in Table
II.

In Fig. 3 we display the data shown in Fig. 2 for
42( Afgt (54, along with the results of fitting the
(f7/2)" DIAS data to Eq. (4) and the associated predic-
tions for the other T = 1 nuclei ( Ti, Cr, and Fe) in
this mass region. The results of the (f7/2)" fit are listed
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TABLE I. New (m. +,m ) differential (lab) cross sections at 8[,b ——5' measured in this work.

Target

isotope

30Sib

34Sb

44C b

"Ti'
51Vc

c

58Nib

58Nic

(DIAS)

(pb/sr)

0.703+0.287
0.591+0.143
0.637+0.102
0.968+0.201
0.766+0.155
0.574+0.111
0.154+0.058'
0.152+0 033

(g.s.)
dO

(pb/ )

0.014+0.014
& 0.066
& 0.043
& 0.028

pX

(mg/cm )

127
255
422

72
243
303
300

1100

P& tota]

(mg/cm )

286
255

1525
191
243
390
300

1100

Enrichment

(%)

91.6
94.3
98.4
67.5

)99
88.7
99.9
99.9

'This is the px of the isotope of interest in the target.
T -292 MeV.

'T -290 MeV.
Average (do/dQ)(' Ni)=0. 152+0.029 pb/sr from this work; K. K. Seth et al. , Phys. Lett. 173B,

397 (1986) reports (do. /d Q)("Ni) =0.110+0.017 pb/sr.

in Table III. Using the value of 8 (0.440+o io5) that re-
sults from this fit in Eq. (6), we obtain predictions for
g.s. cross sections that are 5 —20 times larger than the ex-
perimental values (see Table III). One also sees (Fig. 3)
that this fit predicts cross sections for the other T=1
nuclei, Ti, Cr, and Fe, that are significantly larger
than the A tgt curve.

If the DCX cross sections to the g.s. for the (f7&2)"
nuclei are fitted with Eq. (6) while the DIAS cross sec-
tions are simultaneously fitted with Eq. (4), we obtain a
value of A (0.287+0.011) that is very close to the value
(0.276+0.012 ) obtained from fitting only the DIAS
cross sections. However, the ratio of B/A is 0.43+0.08
as compared to the value 1.59+o 43 from fitting only the

DIAS data. This ratio (0.43) is now consistent with the
DCX reaction to the DIAS at 292 MeV being dominated
by transitions through the isobaric analog state (IAS).
The latter fit predicts that the Ti, Cr, and Fe DIAS
cross sections will be roughly proportional to
consistent with other T=1 nuclei, as opposed to the
DIAS-only fit, which predicts cross sections much larger
than the A, z,

/ dependence (see Fig. 3).
While the reduced X (2.44) for the fit with ground

states is larger than that (0.13) from fitting the DIAS

TABLE II. Results' of the Fortune-Gilman model [Eqs.
(1)—(3)] fit to DIAS cross sections at T =292 MeV and

8],b ——5 .

10
I

b I

100

Target

14Cb

18Oc

"Mg'
30S e

34Se

42C f

44Cae

48C f

48T f

50Ti e

51Ve

52C e

56Feg

58Nie

A core

16
16
28
28
32
40
40
40
40
40
40
40
56
56

de
d Q1,b

(pb/sr)

4.610+0.403
2.273+0. 118
1.000+0. 143
0.703+0.287
0.591+0.143
0.404+0.061
0.600+0.096
1.746+0.290
0.590+0. 103
0.968+0.201
0.766+0. 155
0.57420. 111
0.306+0.051
0. 15220.029

do
dcaic
(pb/sr)

4.263
2.319
0.828
0.659
0.501
0.326
0.699
1.820
0.584
0.986
0.707
0.503
0.359
0.180

0.74
0.15
1.45
0.02
0.39
1.64
1.06
0.07
0.00
0.01
0.14

0.41
1.07
0.92

FIG. 2. do /dII/[(N Z)(N —Z —1)] vs A—,~, for the DIAS
for Atgt &60. The inset shows the data for Atgt )56. The solid
line is 1006)& A tgt', the chain-dash line is 17615& A tgt', ' the
dash line is from the Fortune-Gilman model for the T =1 nu-

clei when all of the A &60 data are fitted, see text for discus-
sion. The open circles are from this work and the solid circles
are previous data.

'This fit gives X„„~——8.07 with fNA("0) =0.87+o it,
fDiAT("0) = 1.19—0.24 and /=86 43..
Average of values from Ref. 2 and Ref. 14.

'Average of values from Ref. 12 and Ref. 15.
Reference 12.

'This work.
'Reference 13.
gAverage of values from Ref. 1 and Ref. 16.
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DIAS only fit'
d0

d&canc
X2(p,b/sr)

bDIAS+ g.s. fit
do

dQ, „),
(pb/sr) Factor'

1.000
0.1111

—0.1429
0.1675

—0.0667
0.1111
1.2571
1.1638
1.5147
1.3771
1.2571
0.0000
1.3608

0.00
0.16
0.01
0.12
0.08
0.01

15.04
0.37
0.98
0.05
0.97
0.08
0.47
0.16
0.51
0.18
0.71

0.167
0.542
2.033
0,567
1.165
0.542
0.024
0.020
0.034
0.028
0.024
0.823
0.028

dCa~ Ti(g.s.,DIAS)
Ca~ Ti(DIAS)
Ca~ Ti(DIAS)
Ti~ 'Cr(DIAS)
Ti~ Cr(DIAS)

' Cr~' Fe(DIAS)
Ca~ Ti(g.s.)

Ca ~ Ti(g.s.)
Ti~ Cr(g.s.)

' Ti ' Cr(g. s.)
' Cr~' Fe(g.s.)

n(DIAS)'

0.404
0.562
1.714
0.626
1.025
0.562
0.306
0.262
0.444
0.367
0.306
0.764
0.358

0.404+0.061
0.600+0.096
1.746+0.290
0.590+0. 103
0.968+0.201
0.574+0. 111
0.014+0.014

& 0.051
0.025+0.013

& 0.066
& 0.028

0.766+0. 155
& 0.043

V~ M
'V~ 'Mn(g. s.)'
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clei are considered alone the A,g, dependence is A,g,
The FG two-amplitude model reproduces the data with
the expected 3tgt dependence for the DIAT ampli-
tude. A new model based on the seniority-zero shell
model is used to compare DIAS cross sections for the
(f7/2 )" nuclei, where we report new measurements for
DIAS cross sections and limits for the cross sections to
the g.s. on four T& 1 targets. If only the (f7/z)" DIAS
cross sections are fitted, then the predictions for other
T = I DIAS cross sections are larger than predicted by
the 3 tgt fit. If the g.s. cross sections are also included
in the fit then the DIAS cross sections are equally well

fitted, excluding Ca, and the heavier T = I (f7/p )"
cross section predictions lie near the 3 fgt curve.
While the DCX cross sections to ground states are limit-
ed in number, this work emphasizes the fact that such
measurements are necessary and complement DIAS
measurements.
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