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The photoneutron cross section for 4He has been measured from threshold up to 47 MeV using monoenergetic
photons and a high-pressure gas sample. The results agree with earlier monoenergetic-photon and certain
photoneutron time-of-flight (liquid-sample) results at the lower energies, and consequently disagree with the
results of other measurements at these energies. At the higher energies, however, t'he present results are
essentially in agreement with all previous results.

NUCLEAR REACTIONS 4He(y, n); measured 0(E„), 21 to 47 MeV, with mono-
energetic photons, 4m neutron detector, high-pressure gas sample; four-nucle-

on system; isospin mixing; charge asymmetry.

I. INTRODUCTION

The ratio of the photoproton and photoneutron
cross sections for 'He is a sensitive indicator of
the degree of isospin mixing which is present in
the simple He nucleus and thus provides one with
a quantitative test of the degree to which the
charge symmetry of the nuclear force might be
broken. "However, although there hasbeen more
or less general agreement for the 'He(y, P)'H cross
section, ' there are large discrepancies between
the published experimental results for the
He(y, n)'He cross section, particularly in the en-

ergy region below about 30 MeV [the (y, n) thresh-
old is 20.58 MeV (Ref. 5)].

Numerous experiments have been performed in
the attempt to establish a definitive 'He(y, n) cross
section (see Ref. 6 for a recent discussion of these
measurements). Indeed, no fewer than eleven
measurements have been reported: three total
photoneutron measurements, two using brems-
strahlung, ' ' and one using monoenergetic pho-
tons', three photoneutron time-of-flight measure-
ments (using bremsstrahlung), one at a single
angle" and two at several angles"", four mea-
surements of the recoil 'He particles, three
(using bremsstrahlung) with cloud chambers" "
and one (using virtual photons) with a magnetic
spectrometer"; and one (inverse) 'He neutron-
capture measurement. " [The ratio measurement
reported in Ref. 6 does not constitute an indepen-
dent measurement of the absolute (y, n) cross
section. ]

There is a serious controversy (discussed in
Ref. 6) among these published results in the en-
ergy region between about 26 and 29 MeV, where
the 'He(y, p) cross section is about 1.7 to 1.9 mb."
The (y, n) cross-section results of Refs. 9 and 10
are "low" (-1.0 mb), while those of Refs. 12-14
are "high" (1.7 to 2.1 mb); those of Refs. 8, 11,

and 15 are intermediate or open to some question
(see Sec. III). In particular, since an important
experimental question concerns the density of the
helium sample used (see Refs. 6 and 18), it turns
out to be important that the only measurement done
with monoenergetic photons (Ref. 9) was done with
a liquid helium sample. Therefore, it is of par-
ticular interest to perform a 'He(y, n) cross-sec-
tion measurement with monoenergetic photons and
a gas sample. Furthermore, since the contro-
versy is concerned chiefly with the absolute mag-
nitude of the cross section, the measurement must
be done in such a way that careful attention is paid
to the systematic uncertainties involved. We re-
porthere the results of such a measurement.

II. EXPERIMENT AND DATA REDUCTION

The measurement of the small 'He(y, n) cross
section with a low-intensity monoenergetic-photon
beam and a gas sample is inherently difficult owing
to the low counting rates which result even with the
use of an efficient neutron detector. The counting
rates for the present measurement were made rea-
sonable by the use of a high-pressure gas sample.

The general features, as well as many specific
details, of the apparatus and procedures used for
measuring photoneutron cross sections at Law-
rence Livermore Laboratory (LLL) have appeared
elsewhere in the recent literature. "" The ex-
perimental layout is shown in Fig. 1. The source
of.radiation was the annihilation-photon beam pro-
duced by relativistic positrons from the LLL
Electron-Positron Linear Accelerator passing
through a 0.76-mm thick beryllium annihilation
target. The photon beam was collimated by a
series of three thick 9.5-mm diameter nickel col-
limators, and then allowed to pass through the
high-pressure gas sample container located inside
an efficient paraffin-and-&F, -tube neutron detec-
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FIG. y. Schematic diagram of the experimental layout for the present measurements with gas samples. Note the
different horizontal and vertical scales. Shielding walls have been omitted for clarity.

tor. The photon beam flux was measured by a
cylindrical xenon-filled thin-walled ionization
chamber, which was calibrated against a large
NaI photon spectrometer. The sample containers
were stainless steel cylindrical tubes 1 m long
and 2.54 cm inside diameter with welded end caps
whose window thickness was 0.76 mm. A sample
container was mounted inside the secondary con-
tainment vessel, a large evacuated stainless steel
tank with 0.51-mm thick windoms, capable of hold-
ing all the sample gas at less than atmospheric
pressure. This secondary containment vessel in
turnwas moved into place inside the neutron detec-
tor (and its associated shielding). The alignment
was check in situ with the aid of x-ray photographs
made with the primary electron beam from the
Linac. The 5.55-mole helium gas sample was con-
tained at a pressure of 30.61 MPa (about 300 atm).

Background measurements with no annihilation
target in place mere made before and after each
data run, and ba,ckground measurements during a
delayed gate were made simultaneously with each
data run. Beam-off background measurements
also were performed, and the drifts of both the
ionization chamber and neutron detector were

checked at frequent intervals with remotely con-
trolled standard "Co and Am-Be radioactive.
sources. No rapid drifts, . erratic behavior, or
unusual effects of any other kind were encountered
during the course of the experiment. Neutron-
yield measurements for all samples were made
with electrons, as well as with positrons, incident
upon the annihilation target. Neutron-yield mea-
surements also mere made with an empty sample
container, using oxygen, both in the form of gas
and in the form of water, and with deuterium gas.

The data, -analysis procedures for this experi-
ment were largely the same as have. been devel-
oped and used for many other photoneutron mea-
surements at Lawrence Livermore Laboratory. '0

The cross section 0 is obtained from the expres-
sion

N Qo=——SAP G—
qA

where N/Q is the net number of neutrons per pho-
ton-flux monitor unit; Q/4 is the number of such
units per annihilation photon; SAF (the solid-angle
factor) is the constant (for a given nuclear sample)
which contains (i) the ratio of the solid anglessub-
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FIG. 2. Raw single-photoneutron yield data for 4He,
as a function of the magnetic field of the energy-analyz-
ing magnet (1 kG corresponds to 24.8 MeV). The upper
points (filled circles) are for incident positrons and the
lower points (open circles) for electrons. The curve,
which was fitted to the electron-yield data, was used for
subtraction of the photoneutron yield resulting from
positron bremsstrahlung. The He(p, n) threshold is
indicated by the arrow.

tended at the annihilationtarget by the NaI spec-
trometer and by the neutron-producing sample and
(ii) the effective number of sample atoms per unit
area that are irradiated; G = pT/(I —e ' ), where
p is the photon attenuation coefficient of the sam-
ple per unit thickness and T is its thickness; and
& is theneutron detector efficiency. The net yield
N/Q = [(N/Q)' —k(N/Q) I, where the superscripts
+ indica. te e' beams and k is the normalization
constant" that accounts for their different ioniza-
tion-chamber responses. The values for k at 13
different energies were remeasured and verified
dur ing the cour se of this experiment.

First, corrections to the N/Q data were made
for pileup effects and for the various "no-beam"
backgrounds and drifts. Figure 2 shows the raw
single-photoneutron data for 'He after these cor-
rections were made, both for incident-positron
and incident-electron runs, the latter multiplied
by k. A smooth, monotonically increasing curve
(also shown in Fig. 2) was fitted to the incident-
electron neutron-yield data and used to subtract
the neutron yields resulting from positron brems-
strahlung. This same procedure was followed for
the sample-blank (empty-sample-container) runs,
and the resulting (subtracted) annihilation-photon
neutron yields, for both the sample-in and the
sample-blank data, are shown in Fig. 3. Again,

FIG. 3. Single-photoneutron yield data for 4He {upper
points, open circles) and for sample-blank runs (lower
points, filled circles) after subtraction of the brems-
strahlung yields (1 kG corresponds to 24.8 MeV). The
curve, which was fitted to the sample-blank data and
extrapolated to higher energies (dashed curve), was
used for the subtraction of the sample-blank background
from the He data toobtain the net He yield. The princi-
pal source of the sample-blank background is the ~6Fe

(y, n) reaction on the steel windows: the sample-blank
curve is seen to resemble the (y, n) cross section for a
nucleus like iron; the ~ Fe(y, n) threshold also is indica-
ted by an arrow.

a smooth curve (also shown in Fig. 3) was fitt'ed

to the sample-blank data and used to subtract the
sample-blank from the sample-in neutron yields.
The same procedures were followed for thedouble-
photoneutron data. In order to determine the
normalization constant m by which the single-pho-
toneutron sample-blank yield must be multiplied
before subtraction from the single-photoneutron
sample-in yield (to account for any small differ-
ence inbackground caused by imperfect align-
ment), the differences between the sample-in and
sample-blank double-photoneutron yields for
events below the 4He(y, 2n) threshold (28.3 MeV)
were required to average to zero. This resulted.
in a value for rn of 0.96, which has been included
in the sample-blank data (and fitted curve) shown
in Fig. 3. It should be emphasized here that the
pileup rate for these measurements was exceed-
ingly small (&0.5% even for the sample-in data),
so that the double-neutron count rate, small as it
was, resulted almost entirely from real(y, 2n) re-
actions in the sample-container materials (experi-
mental runs with no sample container present
yielded no real double-neutron events at all). It
was noted at this point that the net double-photo-
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FIG. 4. Neutron detector efficiency, plotted as a function of neutron energy. The open circles represent experi-
mental measurements; the filled circles represent Monte Carlo calculations. The curve fitted to the upper points is
used as the efficiency for a sample located at the center of the 4~ detector and from which neutrons are emitted iso-
tropically; the lower curve Iwhich is computed from the upper curve, multiplied by the factor &f & (see text)] is used

as the efficiency for a sample distributed along the photon beam line through the detector as for the present gas-sample
measurements (see Fig. 1), and from which neutrons are emitted with a sin 9 distribution with respect to the photon
beam direction. Extrapolations to neutron energies above 14 MeV are shown as the dashed curves.

neutron yieldfor 4He remained consistent with zero
throughout the range of the experiment (up to 45
MeV), thus showingthat o(y, 2n) for 'He remains
negligible [compared with o(y, n)] up to 45 MeV.
These procedures thus determined the net neutron
yields per unit photon flux N/Q.

The absolute photon-flux calibration Q/& was re-
checked and found to agree to within 2% with pre-
vious calibrations. It also waschecked for both
open (standard) and restricted (this measurement;
see Fig. 1) collimation conditions and was found to
scale, as it should, with collimator size. The
other parameters necessary were the attenuation
factor 6 of the photon beam in passing through the
sample and windows, the functional dependence of
the neutron-detector efficiency & upon neutron en-

ergy E„and (for the gas samples) upon position
along the beam line, and the effective number of
atoms in the samples (see below). The photon at-
tenuation was small and easily accounted for; for
the He sample, G =1.06 at 25 MeV and is only
weakly energy dependent.

The neutron detector efficiency is plotted in Fig.
4 as a function of neutron energy. Even though the
energydependence of the detector efficiency at the
center of the detector (the top curve in Fig. 4) is
known well, "it was rechecked with Monte Carlo
calculations with particular attention to the higher
neutron energies ()4 MeV). These calculations ex-
tended up to 14 MeV, where a measurement had
been made previously with a d-I; neutron source;

above this neutron energy (which corresponds to
a photon energy &„ of about 39 MeV for the photo-
neutron reaction on 'He), a smooth extrapolation
of the neutron-detector efficiency was used, shown

by the dashed curves in Fig. 4. The falling off of
the efficiency curve near 6 MeV results mainly
fromthe "C(n, n) reaction, which acts as a sink
of neutrons; knowledge of the energy dependence of
this cross section' verifiesthe shape of the effi-
ciency curve in this energy region. Finally, addi-
tional Monte Carlo calculations (not shown in Fig.
4) at six energies between 5.0 and 9.5 MeV (but

with somewhat poorer statistics than the points
shown in Fig. 4) corroborate both the magnitude
and shape of theefficiency curve in this energy
region.

The position dependence of the detector effi-
ciency was measured (for neutrons having an aver-
age energy of 2.1 and 4.2 MeV) with standard '"Cf
and Pu-Be neutron sources. From these measure-
ments, one obtains the factor (f) which converts e

into the effective efficiency for the distributed sam-
ples. [For o(y, 2n), the factor (f') (and not (f)')
converts &' into the effective square of the effi-
ciency needed. ] Monte Carlo calculations of this
function also were performed, which verified the
source measurements and showed as well that
there isno strong dependence of (f) or (fa) upon
neutron energy. For the present case this is not
important anyway, since it affects most strongly
the (y, 2n) cross section and(through it) the multi-
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plicity correction to the (y, In) cross section';
because the 4He(y, 2n) cross section is very small
(consistent with zero), the effect on the 'He(y, n)
cross section is negligible. In fact, above 4.2
MeV these functions are flat and equal to 0.533 and
0.422, and at 2.1 MeV they are equal to 0.519 and
0.417; therefore, below 4.2 MeV straight-line fits
were used, which yield zero-energy values of
0.504 and 0.411 for ( f) and ( f'), respectively.
The effective efficiency (f)e also is shown in Fig.
4 (the lower curve). Monte Carlo calculations of
( f)& (modified by 1%; see below) are shownas the
solid points in the lower part of Fig. 4, thus veri-
fying that the curve drawn above 4.2 MeV is not
significantly more uncertain than the upper curve
of Fig. 4, which is verified in turn by the mea-
surement at 14 MeV. Additional Monte Carlo cal-
culations were performed in order to ascertain
the effect of a sin'8 (rather than isotropic) distri-
bution for the photoneutrons; the resulting correc-
tion factors, 1.01 for (f) and 1.02 for (f'), are in-
cluded in the values given above and in the lower
curve of Fig. 4. Still more Monte Carlo calcula-
tions showed that the presence of the 'He gas in
the sample container did not affect the detector
efficiency (or (f)). Finally, it should be noted that
the energy dependence of (f), small as it is, is
confined to neutron energies below 4.2 MeV; this
corresponds to photon energies for the 'He(y, n)
reaction less than 26.2 MeV, since for this two-
body breakup reaction, E„=S(E„—20.58 MeV)/4 is
uniquely determined by the photon energy E, [The.
three-body breakup threshold is 26.1 MeV, and
the cross section a(y, Pn) for 'He hasbeen reported
tobe small, compared to e(y, n), throughout the
energy range studied here. '4 "]

In order to determine the effective number of
atoms in the 'He sample intercepting the photon
beam, three measurements using oxygen were
made. The first was a new measurement of the
absolute "O(y, n) cross section done in the usual
way" "using a water sample. The results of this
measurement, reported in Ref. 22 and shown in
Fig. 5, were found to agree very well with pre-
vious Livermore data" (except for a slight energy
shift) and with more recent data from Giessen. 2~

Next, the results of another water-sample oxygen
measurement, which was performed under the
same (restricted) collimation condition as was
used with the 4He sample, were normalized to
these results; this determined the number of atoms
in the beam (at the center of the neutron detector)
for this collimation condition. Third, the results
of a measurement using a high-pressure sample
of oxygen gas, shown in Fig. 6, were normalized
to the water-sample data; this determined the
effective number of atoms in the oxygen gas sample
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intercepting the photon beam. Finally, the effec-
tive number of atoms in the 4He sample was com-
puted from the ratio of the number of Holes of 'He
and "0 in the two gas samples, determined gravi-
metrically to high accuracy (&0.2%). It should be
emphasized that this procedure does not depend
upon knowledge of the "O(y, n) cross section, al-
though theagreement of these new results" with
the previous data lends added confidence to the
present results. It should be noted that because
these oxygen data were taken over a significant
range of photon (and neutron) energies, they serve
to check that no strong energy-dependent system-
atic error is present.

Another (but less stringent) check on the overall
absolute normalization is provided by the 'H data,
shown in Fig. 7. These data are seen to agree,
within the (rather large) statistical experimental
limits, with the Mainz total photo-absorption data"
and thetheoretical cross-section results of Breit."

There are several possible sources of system-
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FIG. 5. Data points —recent Livermore measurement
of the 0(y, g) cross section with a water sample (Ref.
22); solid curve —previous Livermore measurement
(Ref. 23}; dashed curve —Giessen measurement (Ref. 24).
The Giessen data coincide with the Livermore data below
25 MeV.
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atic errors in the present experiment. The sys-
tematic uncertainty in the photon flux calibration
is no greater than 5%%u0 at 22 MeV, but rises, more
or less linearly with energy, to about 10% at 45
MeV. The uncertainty in the neutron-detector
efficiency is less than3%%u0 for neutrons of 2 MeV
(corresponding to E,= 23 MeV), but rises to about
5% for E„=14 MeV and perhaps to 8% for E„=18
MeV (E„=45 MeV). Thus, for the critical photon
energy region from 26 to 29MeV, the uncertainty
in the detector efficiency is known not to exceed a
few percent, and where it is not known well ()14
MeV), the statistical uncertainties of the data are
much larger. The systematic uncertainty which
arises from the bremsstrahlung-yield subtraction
is roughly proportional to the inci(lent-electron
yield shown in Fig. 2, and is never more than 2%
of that yield, which translates, for example, into
about 10'%%u0 of the cross section at 35 MeV. That
which arises from the sample-blank subtraction is
less than 5/0 at -24MeV, but in the high-energy
region, where an extrapolated sample-blank yield
had to be used (the dashed curve in Fig. 3), could
very well be as much as 15% above 42 MeV. There
is some cause for concern that the scatter in the
sample-blank data points near 1 kG (~25MeV) has
been ignored in the smoothing procedure (see Fig.
3); however, it happens that simply connecting ad-
jacent sample-blank data points with straight-line
segments (to reflect any possible structure in
these data) would not affect the final results for
'He significantly because the 'He data points were
obtained (by coincidence) at energies which lie
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FIG. 8. Photoneutron cross section for He. The
present results are indicated as x's in all three parts
of the figure. The error flags {except for those for the
three highest-energy points; see text) represent statis-
tical uncertainties only. Systematic uncertainties in the
25-28-MeV region could be as large as 15% (see text).
(a) Present data compared with the photoneutron-yieM
results of Ref. 7 (Pennsylvania; open triangles), Ref. 8

(Torino; upper shaded band), Bef. 9 (Livermore; lower
shaded band), and with the neutron-capture datum of
Ref. 17 (Pennsylvania; open inverted triangle). (b) Pre-
sent data compared with the photoneutron-time-of-flight
data of Ref. 10 (Yale; shaded band), Ref, 11 (Toronto;
open circles), and Ref. 12 (Saskatchewan; open squares).
The 90' differential cross-section data of Ref. 10 have
been converted to total cross sections using the angular-
distribution coefficients of Ref. 11. The data of Ref. 11
were obtained with a liquid helium sample and later were
renormalized to the results of a 98 measurement ob-
tained with a gaseous sample (see text). (c) Present
data compared with the cloud-chamber data of Ref. 13
(Moscow; filled inverted triangles), Ref. 14 (Kharkov;
filled triangles), Bef. 15 (Torino; filled circles), and
with the magnetic-spectrometer data of Ref. 16 (NBS;
filled squares). The data of Bef. 16 were recalculated
with the angular-distribution coefficients used in Ref. 6.
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bet&veen the resulting structures in the sample-
blank data. Still, the data points at 25.3 and 26.3
MeV (and perhaps the one at 28.3 MeV) should have
larger systematic uncertainties attached to them,
conceivably as large as 15%. It also might turn
out, if the 56Fe(y, n) cross section were not typical
of other nuclei in this mass region, that the extra-
polation shown in Fig. 3 is in error; but this would
affect only the three highest-energy 'He points,
which already have very large statistical uncer-
tainties. All other systematic uncertainties are
small by comparison with the above.

III. RESULTS AND DISCUSSION

The results of the present measurement of the
4He(y, n) cross section are shown in all three
parts of Fig. 8. The estimated systematic uncer-
tainty which results from the subtraction of the
extrapolated sample-blank data (Fig. 3) are in-
cluded in the error flags. The cross section is
seen to rise sharply from threshold to a value of
-1.0 mb at 25 MeV, and then to remain roughly
constant at a value near 1.1 mb for a wide energy
interval up to about 35 MeV, before falling gradu-
ally to a value of about 0.7 mb at 45 MeV.

Figure 8(a) shows as well as the results of the
photoneutron yield measurements, ' ' along with the
single neutron-capture datum. " The present data
agree well with the results of Ref. 9 (Livermore)
below 28 MeV and with those of Ref. 8 (Torino)
from24to 26 MeV andabove 32 MeV. Thedata of
Refs. 7 and 17 (Pennsylvania) are slightly higher
and lower, respectively, than the present results.

Figure 8(b) shows the results of the photoneutron
time-of-flight measurements. "" The 90' differ-
ential cross-section data of Ref. 10 (Yale) were
converted to total cross sections with the use of
the angular-distribution coefficients of Ref. 11.
These results are in agreement with the present
resultsbelow 30 MeV. The data of Ref. 11
(Toronto) need some discussion. These data were
taken with a liquid sample at six angles, including
98', and originally resulted in a maximum cross
section of about 1 mb (see Ref. 27). Subsequently,
data with a gas sample were taken (at 98' only,
Ref. 18) and were found to result in a cross section
a factor of 1.9 higher than the liquid-sample data.
This discrepancy was thought to result from den-
sity changes in the liquid helium sample caused by
beam heating. " The liquid-sample results there-
fore were multiplied by 1.9 and are presented as
such in Ref. 11 and in Fig. 8(b). In view of the
present results, it now appears that this normal-
ization procedure perhaps should be reconsidered;
a factor much smaller than 1.9 (and somewhat en-
ergy dependent) is needed to bring the results of
Ref. 11 into agreement with the present results.

The data of Ref. 12 (Saskatchewan) give thehighest
peak cross-section value of all twelve measure-
ments (over 2 mb) and yet are in reasonable agree-
ment with the present data above 35 MeV.

Figure 8(c) shows the results of the measure-
ments where the 'He particle was detected. ""
The cloud-chamber data of Refs. 13 (Moscow) and
14 (Kharkov) give peak cross-section values of
about 1.7 mb between 26 and 29 MeV, and those of
Ref. 15 (Torino) give a peak value of about 1.35
mb. However, there is good agreement between
the results of all these measurements and the
present results above about 33 MeV. The (y, 'He)
cross sections from the electrodisintegration data
of Ref. 16 (NBS) were recalculated with the angu-
lar-distribution coefficients used in Ref. 6 before
being plotted in Fig. 8(c). (These values differ
from thosegiven in Ref. , 16 by at most 12%.) These
data do not extend down into the critical region
below -30 MeV, but are in reasonable agreement
with the present results above that energy. How-
ever, the points at 37.1 and at, 44.3 MeV appear
to be appreciably lower than either the present or
the consensus values at those energies; and it is
at these energies, especially at 44 MeV, that the
o(y, 'H)-to-c(y, 'He) ratio results of Ref. 6 would
require lower values for the ratioresults of Ref.
16 [or higher (y, 'He) cross sections].

An attempt to reconcile all these disparate re-
sults cannot be made withoutcasting considerable
doubt upon several measurements; we can but try.
The results of Ref. 9 probably fall off too rapidly
above 28 MeVbecause the extrapolated neutron-
detector efficiency used in Ref. 9 did not take ac-
count of the loss of neutrons via the "C(n, a) re-

, action (see Fig. 4). Those of Refs. 10 and 11 might
do so because of an imperfect knowledge of the
bremsstrahlung spectrum near its end point. Per-
haps the normalization factor used in Ref. 11 was
too large. No account was taken in Ref. 12 of the
contamination of the low-energy part of the neu-
tron spectrum by neutrons from the three- and
four-body breakup of ~He [a similar effect for a
'He(y, P) measurement performed at the same
laboratory is readily apparent from a comparison
of the (y, P) and (y, t) data in Ref. 28], and perhaps
a problem exists as well with the bremsstrahlung
spectrum used in Ref. 12 at energies far below the
end points employed (50 to 110 MeV). And it is
likely that cloud-chamber measurements of 'He
particles below about 3 MeV [corresponding to
Z„= 33 MeV for the 'He(y, 'He) reaction] are so
hard tomake (when seen, they are short, single-
track events near the beam) that the results of
Refs. 13-15 are not trustw'orthy below -33 MeV."
(Certainly it is hard to measure low-energy 'He
particles by other means, as can be seen from
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Refs. 6 and 16.) If all these presumptions were
true, however, then a consensus 'He(y, n) cross
section could be synthesized from most of the data
which would agree reasonably well (within the ex-
perimental limits) with the present results.

The integrated cross section e„,= f o(E,)dE„
measured in the present experiment [from the
(y, n) threshold up to E, =47.3 MeV] is 23.1y1.6
MeVmb. This uncertainty is statisticalonly, and
should be increased to approximately twice this
value when systematic uncertainties are taken into
account. The present value for o,„, integrated up
to 31.4 MeV is 9.0 MeV mb (with a smaller uncer-
tainty, about 1 MeVmb), compared with the cor-
responding value of 7.9 MeVmb from Ref. 9. The
present values for the first and second moments
of the integratedcross section o, = J o(E„)E,'dE„
and o ~

= f cr(E„)E„'dE„are 0.71 mb and 0.023
mbMeV ', respectively, up to 47.3 MeV.

Comparing the present results (only) for the
'He(y, n) cross section with the (y, P) cross section
in the crucial 26-29 MeV energy region, we find a
(y, P)-to-(y, n) cross-section ratio R between 1.6
and 1.9. This range of values for R implies a val-
ue for the isospin mixing [the ratio of amplitudes
of the T =0 and T =1 components of the excited
'He wave function (see Refs. 2 and 9)] of 0.14

+0.02. Since this amount of isospin mixing greatly
exceeds that which canbe expected from Coulomb
effects alone, ' it implies in turn a significant
charge-asymmetric component of the nuclear
force for the 7,.=0 member of the four-nucleon
system near 27 MeV.

Calarco et al.3' report the absolute 'H(p, y)
cross-section measurement mentioned in Ref. 4,
and compare the results of this measurement with
the other absolute 'He(y, P} cross-section results
in the literature. On the basis of the material
presented both here and in Ref. 30, a comparative
treatment of both the (y, n) and (y, p) cross sections
will be given in Ref. 31; recommended values for
these cross sections will be presented over the
entire energy range from threshold to 50 MeV,
and the wider implication of these values for the
question of the charge symmetry of the nuclear
force will be discussed.
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