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Measurements of the di8'erential cross section for the pion-induced isobaric analog transition in the
A=3 system are presented. This measurement, in which low energy recoiling nuclei were detected,
is the first at forward pion angles and incident energies where the spin Hip (AS = 1) contribution
to the di8'erential cross section is predicted to have its strongest infiuence. Although the data are
not suKciently accurate to support a definitive conclusion, they agree best with a calculation that
includes this contribution.

PACS number(s): 25.80.Dj, 25.80.Gn, 27.10.+h

The excitation of an isobaric analog state through pion
charge exchange is an important reaction channel in pion-
nucleus interactions. This reaction is often referred to as
elastic charge exchange since the initial and final nuclear
states are identical except for the third component of
isospin. The three-nucleon system is the simplest system
in which an isobaric analog transition may be observed,
i.e. , H(sr+, ao)sHe or He(n, vr ) H.

In 1975, Sparrow [1] predicted that the spin-flip (AS =
1) contribution to the elastic charge exchange reaction
should be quite large in the three-nucleon system at in-
cident pion energies between 100 and 200 MeV, viz. , a
factor of up to 5 enhancement in the diAerential cross
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section in the region of the non-spin-flip (ES = 0) min-
imum. Subsequently, several authors [2—11] have calcu-
lated cross sections for elastic scattering and single charge
exchange. The important features of these charge ex-
change calculations are a strongly forward-peaked angu-
lar dependence and a nearly Qat energy dependence for
the total cross section in the 4-resonance region. This
energy dependence is perhaps surprising when compared
to the strongly peaked energy dependence for charge ex-
change on a free nucleon and for pion elastic scattering
on A = 3 nuclei.

The pion-induced isobaric analog transition between
He and H may be observed in four diferent ways. Ei-

ther the He(vr, vr ) H or H(sr+, 7r ) He reaction may
be observed by detecting either a neutral pion or a re-
coil nucleus. As the diAerential cross section decreases by
roughly two orders of magnitude from forward to back-
ward a angles, the peak in the vr spectrum associated
with this transition becomes quite small compared with
the yield from quasifree charge exchange. In the only
previous measurement at forward angles, in which the vr

was detected, the isobaric analog peak became indistin-
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guishable from the quasi&ee yield at pion center-of-mass
angles greater than 90' [l2]. These data also appear to
disagree by a factor of about 3 with recoil measurements
at large vr angles [4—7,12]. Detection of a recoil nucleus is
a definitive indication that the isobaric analog transition
has taken place, since the ground states of H and He
are the only bound states of these nuclei. However, pre-
vious experimental studies that employed this technique
have been limited to large vr center-of-mass angles by
their inability to detect very low energy recoil nuclei.

In the present experiment He nuclei produced by the
H(~+, He)a reaction in a 2 mg/cm tritiated titanium

foil were detected by a double-focusing 180' vertical bend
spectrometer. This spectrometer was equipped with an
array of nineteen 400 pm silicon surface barrier detec-
tors at the focal plane. A thin plastic scintillator located
downstream &om the solid state detectors is the final
element in the particle detection and identification sys-
tem. The Bight path from the target to the detectors is
in vacuum to minimize energy loss and multiple scatter-
ing. The momentum acceptance of the spectrometer is
approximately 8.5%%uo,

' its solid angle is approximately 15
msr. The combination of magnetic analysis and observed
energy deposit in one or more detectors provided the ca-
pability to detect and identify He nuclei in the energy
range from 1.4 to 80 MeV, corresponding to a range in
center-of-mass pion angle of 45 ( 0, & 130 at an in-
cident energy of 142 MeV. The small angle limit is set by

the lowest detectable energy and the large angle limit by
the smallest angle 25, to which the spectrometer may
be rotated. Although this spectrometer and its instru-
mentation have successfully detected charged pions in a
number of experiments [13,14], the present work repre-
sents the first time that it has been used to detect heavier
charged particles.

The focus and steering of the incident pion beam were
monitored continuously throughout the experiment using
a small high-rate multiwire proportional chamber [15].
The beam Aux was measured with an ionization chamber
which was calibrated by comparisons of the proton yield
from 7t+p elastic scattering measurements, using CH2
and matching graphite targets, with known. values [16]
as determined from phase shift calculations at the same
incident beam energy. The beam Aux was typically 10
n/s. The uncertainty in the measurement of the pion flux
was less than 5'. Observation of 7r+p elastic scattering
also served to establish the momentum acceptance of the
spectrometer. The tritium content of the tritiated foils
was determined by comparing measured H yields from
sr+ H elastic scattering with known values [17]. The un-
certainty in the tritium content of the targets was less
than 8'%%uo. The yield was estimated with the help of a
Monte Carlo simulation [18] that included the magnetic
transport properties of the spectrometer, the momentum
spread of the incident beam, energy loss in the targets,
and the response of its focal plane detectors to predict the
shape of the momentum spectrum for a given reaction.
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FIG. 1. Momentum spectra of (a) He particles from
H(m+, He)m at T =142 MeV and Os=65' and (b) protons

from H(m+, p)n+ at T =142 MeV and 8~=40'. The solid
line corresponds to the Monte Carlo prediction for the elastic
peak shapes. In this example roughly 80% of the He elastic
peak was measured.

FIG. 2. Center-of-mass differential cross sections for the
H(sr+, He)m reaction at 142 MeV. The solid points are

from this work; the open points are from measurements by
Glodis et al. [20) at 148 MeV. The solid curve represents a
mN T-matrix calculation by Gibbs [8]; the dashed and dot-
ted curves are the non-spin-Hip and spin-Qip contributions,
respectively. The dot-dashed curve is the result of a coupled
channel calculation by Tiator [10].
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Comparisons of the Monte Carlo results for proton and
He momentum spectra from vr+p elastic scattering and

elastic single charge exchange, respectively, are shown in
Fig. 1. Momentum spectra obtained from the tritiated
foil and from a matched pure Ti foil were integrated us-
ing the predicted shape and subtracted to determine the
net He yield from elastic charge exchange at a given
angle of observation. The relatively large background
from titanium is chiefly responsible for the large statisti-
cal uncertainty seen in these data; the yield of He nuclei
from pion bombardment of Ti is about 1/8 that of elas-
tic charge exchange at the most forward angle, becoming
about 1/3 at 70 . These yields from Ti compare well
with the measurements of Kaufman et al. [19] on Ag at a
nearby energy when scaled by A ~ . We note that when
planning the experiment it had been expected that the
tritium content of the target would be 3 times greater
than was obtained.

Differential cross sections were measured at an incident
pion energy of 142 MeV and vr center-of-mass angles of
42.0, 51.5, and 71.0'. The results are shown in Fig. 2,
together with earlier measurements [20] at larger angles.

Although the data exhibit large statistical uncertainties
and have a limited angular range, comparison with re-
cent theoretical calculations [8,9] suggests that inclusion
of the spin-flip contribution to the differential cross sec-
tion is necessary for these calculations to reproduce the
measured angular distribution at this energy. The curves
shown in Fig. 2 represent two calculations of elastic single
charge exchange in the three-nucleon system. The cross
section predicted by Gibbs [8] is derived from a separable
aN T-matrix calculation using multiple scattering theory
[9]. This model includes assumptions about the off-shell
behavior of the AN scattering amplitudes and the nu-
clear binding energy. That predicted by Kamalov, Tia-
tor, and Bennhold [10,11] is derived from a coupled chan-
nels calculation. The present data are consistent with the
smooth angular dependence of both calculations.
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