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We have measured the differential cross section d20/d& dT and estimated the total
cross section or for the double charge exchange reaction He(n+, n )4p at 140, 200, and
295 MeV. The values for 0& are at least an order of magnitude larger than predictions
based on sequential sirgle charge exch~age ~-N scatterings. It is possible, therefore,
that 4He(w+, n ) is dominated by other processes, such as the formation of a E in the
intermediate state or scattering from meson exchange currents.

PACS numbers: 25.10.+8

Since nuclei are bound by the exchange of
mesons it is reasonable to assume that, even in
their ground states, nuclei should have some
measurable properties due to their mesonic de-
grees of freedom. The search for "mesons in
nuclei" has concentrated on corrections to nu-
clear magnetic moments, photonuclear reactions
and sum rules, and low-energy electron scat-
tering. ' The mesonic effects, however, are
usually small and always model dependent. Cal-
culations that are sensitive to meson exchange
currents are frequently sensitive to poorly known
details of the nuclear wave functions as well.

One pr omising class of reactions for studying
meson exchange effects is pion double charge
exchange. Conservation of char ge automatically
rules out the "first-order" processes that usually
mask the weaker exchange effects. Recent work
on double charge exchange has centered around
transitions to discrete nuclear states. However,
these cross sections are very small, and the
nuclear -structure complications inherent in these
transitions have made it unrealistic to use double
charge exchange as a probe of exchange currents.
There are some double charge exchange transi-

tions between light nuclei and continuum states,
however, which might be simple enough for a de-
tailed study of the reaction mechanism. Double
charge exchange on 4He, as proposed by Germond
and Wilkin, ' has been the most widely studied.
But even here the data are sparse and apparently
inconsistent.

We have recently completed an experiment on
double charge exchange on 'He and 'He using the
EPICS pion spectrometer at the Clinton P. Ander-
son Meson Facility. We report here our results
for the total cross sections for the reaction He-
(n', w )4p, which can be compared directly with
the work of Germond and Wilkin as well as with
several other theories that assume other reaction
mechanisms.

The EPICS spectrometer has already been used
in several double charge exchange experiments. '
We mention only a few features that are peculiar
to this experiment. Since we are interested in
continuum states, it was necessary to use as
much of the spectrometer acceptance as possible.
The acceptance depends mainly on the deviation
() = (p —p, )jp, from the central momentum p, . It
was calibrated over the range 5 = -0.08 to +O. I1
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by measuring the "C(n, n) elastic cross section
at fixed energy and angle, and varying the spec-
trometer field. The data have all been corrected
by using this acceptance profile. The maximum
correction at the edge of the acceptance is a fac-
tor of 4.5 relative to the center.

A substantial number of the low-momentum
pions decay in the spectrometer. Although the
cross sections are corrected for this decay, the
muons are a potential source of contamination
because the data consist of smooth continuum
distributions. We used two criteria for discrim-
inating between pions and muons: The first is
based on trajectory reconstruction. The azimuth-
al and polar pion-scattering angles were meas-
ured in two independent ways: once by a set of
wire chambers located between the spectrometer
quadrupole and dipole, and again by the wire
chambers after the dipole. These two measure-
ments were required to agree to within 24 mrad.
This effectively eliminates all muons resulting
from pion decay in the dipole. At momenta below
195 MeV/c muons were also separated unam-
biguously from pions by means of time of flight
through the spectrometer. At higher momenta
there is a small contamination of the data by
muons resulting from pion decay before the first
wire chambers. At 195 MeV/c the fraction of
events due to muons that had passed all the wire-
chamber tests was 10'%%up, This is the maximum
level of muon contamination, since at higher
momenta. the increasing pion survival fraction
more than compensates for the lower rejection
efficiency due to the shrinking decay cone.

The relative pion flux was monitored with an
ion chamber in the beam. The differential cross
sections were normalized at each energy by com-
parison with pion-proton scattering from a CH,
target of known thickness. The n pdiffer-ential
cross sections are presumed known from phase
shift compilations.

The cryostat used in this experiment has been
described elsewhere. 4 It contained two cells
(15.2 x12.7 x2.5 cm') for 'He and 'He which were
kept at a temperature of 1.5 K. From the target
thicknesses determined from x-ray pictures, the
effective target densities over the beam spot size
(6.2 x11.0 cm2) were determined to be 311 and
574 mg/cm' (+5%), respectively, for 'He and
'He. The thin (25 mg/cm') aluminum-cell win-
dows contributed a small amount to the double-
charge-exchange cross sections, These con-
tributions were subtracted with the help of short
runs made with a thick aluminum target. This
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FIG. 1. The d'0/dQ dT data plotted vs T for an in-
cident energy of 295 MeV and a laboratory scattering
angle of 30 . The smooth curve is a three-body phase-
space distribution fit to the data points with T greater
than 80 MeV.

subtraction ranged from 10% at 295 MeV incident
pion energy to virtually nothing at lower energies.

A typical spectrum is shown in Fig. 1. Here
we have plotted the differential cross section d'v/
dQ dT vs 7" at a fixed scattering angle. The en-
ergy variable T is the "missing mass, '* i.e., the
difference between the total invariant mass of the
recoiling four-proton system and the rest mass
of four protons. This is equivalent to the total
kinetic energy of the protons in their own center-
of-mass coordinate system. The data, in Fig. 1
include seven overlapping spectrometer settings,
but even so the last 40 MeV of missing mass was
not measured because of the difficulty of detecting
low-energy pions in the spectrometer. To obtain
dv/dQ we integrated the spectra over T using an
estimate for the cross section in the unmeasured
region. The estimate was made by fitting the
high missing-mass portion of the spectrum with
the three-body (two nucleons and a pion) phase-
space distribution, which is the smooth curve
in Fig. 1. All of the 'He(w'm ) data are qualita-
tively similar to those plotted in the figure. In
every case the phase-space curve is an excellent
fit to the higher missing-mass data, while the
small-missing-mass cross sections are sup-
pressed relative to phase space. This indicates
that even at 295 MeV, double charge exchange is
primarily a two-nucleon reaction with very little
energy transferred to the spectator nucleons.
Both the four- and five-body phase space dis-
tributions are strongly peaked in the high missing-
mass range and show no similarity to the data.
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FIG. 3. Total cross section vs incident energy. The
solid data points are from Falomkin et al. (Ref. 8), the
open point from Carayannopoulos et al. (Ref. 9), and
the data with crosses are from the present experiment.
The curve labeled 1 is the prediction of Becker and
Schmit (Ref. 5), 2 is from Germond and Wilkin (Ref. 2),
and 3' and 3 are predictions of Gibbs et al. (Ref. 6),
with and without Pauli blocking corrections.

work of Becker and Schmit. ' These include com-
pletely antisymmetrized wave functions, exact
treatment of a five-body phase space, and a more
complete parametrization of the &-N t matrix.
The combined effect of these factors is to reduce
the cross section by (2300) ' in general agree-
ment with the 140-MeV data of Kaufman, Perez-
Mendez, and Sperinde. ' Unfortunately, it now

appears that these data are wrong. We have re-
produced the kinematic conditions of the experi-
ment in Ref. 7 in order to check their surprising-
ly small cross sections. Our cross sections are
larger by exactly 10' and are consistent with the
earlier data of Falomkin et al. ' and Carayanno-
poulos et a/. ' Taken together these data span a
range of 400 MeV and are at least an order of
magnitude larger than the predictions of Gibbs
eg al.

A simple calculation based on pion exchange
scattering has been done by Germond and Wilkin. '
They neglect the two "spectator" nucleons in the
target and hence also the effects of the Pauli
principle, rescattering, and five-particle phase

space. They predict total cross sections that
are intermediate between those of Gibbs et al.
and Becker and Schmit and achieve the best over-
al.l agreement with available data. The agree-
ment at low energies must be largely fortuitous,
however, because the proper treatment of Pauli
principle and phase-space effects would have
suppressed the prediction at low energy.

If the calculation of Gibbs et al. is a valid indi-
cation of the strength of the sequential single-
charge-exchange mechanism, then we must con-
clude that double charge exchange on 4He is dom-
inated by a more exotic process, presumably
scattering from meson exchange currents. Qn
the other hand there must be a large margin of
uncertainty in these calculations judging from
the difference between the results of Becker and
Schmit and Gibbs eg al. It is possible that other
mechanisms such as virtual pion" or delta" pro-
duction might also make an important contribu-
tion to the cross section at higher energies.
Clearly we cannot weigh these contributions on
the basis of existing calculations. More theoreti-
cal work is required in which all of the reaction
mechanisms are included and treated with the
same approximations. If these calculations con-
firm that sequential single charge exchange con-
tributes a relatively small fraction to the ob-
served cross sections, then double charge ex-
change could become an important probe of mes-
onic effects within the nucleus.

' Present address: Los Alamos Scientific Laborato-
ry, Los Alamos, ¹ Mex. 87545.
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