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In our experiment to determine directly the
branching ratios T'(n—y+y)/T(n—7"+ 77+ 1°)
=R(yy/mt 7~ 1) and T'(n—37°)/T(n—7"+ 77+ 7°)
=R(37° /7" 7~ n°), the possible neutral decay
mode n -1 +y+y was assumed to be absent.
We obtained the results R(yy/7" n77°) =1.28
+£0.62 and R(37°/7t 7~ 7°)=0.83+0.32.! Recent-
ly Di Guigno et al. have presented convincing
experimental evidence for the existence of the
7%y mode.? They find v=T(n—-m+y+y)/T(n
-37°)=1.79+0.29. Thus our assumption =0
was wrong and we must correct our result for
R(37°/nt7~7°. Our result for R(yy/nTn~n°)
remains unchanged; we have no experimental
overlap of the yy mode with the 7%y or 37°
modes.

With our limited number of events we cannot
hope to distinguish the gamma-ray energy spec-
trum due to 17— 37° from the overlapping spec-
trum due to 7= +y+7y. Thus we make no
attempt to verify the result of Di Guigno et al.
Instead we calculate our detection efficiency
for n—1°+y+y, using the same technique that
we used in determining our efficiency for de-
tecting n—~37°.! We then prorate our counts
according to the calculated efficiencies and
an assumed value for 7. Assuming the result
of Di Guigno et al. for », we thus obtain the
corrected result

R@37/n" 7~ 7°)=0.38+0.15. 1)

We estimate that the same correction applied
to the similar direct measurement by Foster
et al.® would yield them a corrected value
R(37°/nt m~n°)~0.41+0.11. Another result of
Di Guigno et al.,? R(37°/all neutrals)=0.209

+0.207, may be combined with the two known
ratios R(all neutrals/all charged)=2.5+0.4

(see Rosenfeld et al.*) and R(all charged/nt 77 n°)
=1.30+0.06 (see Crawford and Price®) to give
the indirect result R(37°/7+ 7~ 7°)=0.68 +0.14.

These three determinations of R(37°/m 7~ 7°)
are in reasonable agreement with one another.
They are in violent disagreement with the val-
ues predicted by any of the models that have
been fitted to the observed spectrum for 7
-1ty + 708

The remainder of this paper is concerned
with our detection efficiency. We detect gam-
ma rays both by their external conversion in-
to electron pairs (or triplets) in the liquid hy-
drogen, and by their internal conversion into
Dalitz electron pairs.

1. External conversion. —For our fiducial
criteria,! we calculate an average probability
of 0.0123 per gamma ray for pair production
by the four y’s from n—~7°+y+y—4y. This
is practically equal to the conversion proba-
bility of 0.0124 per gamma ray that we calcu-
late for the six y’s from n—37° -~ 6y.

2. Internal (Dalitz) conversion. -We demand
m(ete~)<30 MeV.! For this mass range,
we estimate that p,=T'(n—=m"+y+e*+e™)/T(n
~m+y+y) is equal to p,=T(m—y+et+e)/
T(n—-y+v). We also calculate’ that for m(ete™)
<30 we have p,=0.0101 and p,=T'(1°~y +et
+e~)/T("° -y +v)=0.0101. Thus we have p,
=p,=ps. The four gamma rays from the m%yy
eta-decay mode therefore have the same av-
erage internal-conversion probability per gam-
ma ray as the six from the 37° mode. Com-
bining the results for external and internal
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conversion we calculate that our over-all de-
tection efficiency for n—m°+y+v is 4/6 of that
for n—~37°. To correct our published® deter-
mination of R, we multiply it by the correction
factor C=[1+ (4/6)r]"*=0.46." We thus obtain
the result, Eq. (1).
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éFor example, F. S. Crawford, Jr., R. A, Grossman,
L. J. Lloyd, L. R. Price, and E. C. Fowler, Phys.
Rev. Letters 11, 564 (1963); 13, 421 (1964), predict
R=1.63+0,03 for the linear-matrix~element (LME)
model, and R=1,28+0,07 for the Brown and Singer
(BS) sigma-meson model. Foster et al. (Ref, 3) pre-
dict R=1.63+0,02 for the LME and 1.49+0,07 for the
BS model,

"Our result of 4/6 for the relative detection efficien-
cy for n —»7r°+'y+'y and n — 37" is insensitive to our es-
timate that, for m(e*e—)<30 MeV, we have x = (01/p3)
=1, For x =1, the relative efficiency is (4/6)+0.097(x
—1), Thus if we took x—1=+0,5, the correction factor
C would be 0.46¥ 0.02,

8Similarly we correct our rate for 37° plus 7%y by
multiplying it by (1+7)/[1+ (4/6)7]=1.27. There is no
correction for the yy mode. Our corrected eta-decay
ratio for I'(neutral)/T (charged) is 1.83+0.57, in rea~
sonable agreement with the average value 2.5+ 0.4
from Ref, 4. The same correction factor applied to the
results of Foster et al.? gives I'(neutral)/T(charged)
=2,19£0,39,
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A sum rule is constructed on very general
assumptions which relates experimental quan-
tities and thus can be tested in the laboratory.
Define op(v) [04(v)] as the total cross section
for the absorption of a circularly polarized
photon of laboratory energy v by a proton po-
larized with its spin parallel (antiparallel) to
the photon spin. The sum rule then reads

ol 2n2
L 7”[<7P(V)—0‘A‘(z/)]=ﬂu—"p%xpzz 205 ub, (1)

where o =1/137, Mp is the proton mass, and
kp=1.79 is the anomalous magnetic moment

of the proton in nucleon magnetons. A similar
rule exists for the neutron magnetic moment
involving the corresponding neutron quantities.
Equation (1) follows immediately from the dis-
persion relation for forward Compton scatter-
ing derived by Gell-Mann, Goldberger, and
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Thirring! and from the low-energy theorem

for Compton scattering proved by Low? and

by Gell-Mann and Goldberger,® together with

the assumption that the left-hand side of Eq. (1)

converges. We demonstrate this as follows.
The forward Compton-scattering amplitude

may be written in terms of two scalar invar-

iant functions of the squared energy 12

F(v)= fL (V3% &+ vf,(v?)iG. &'+ X, (2)

where € and &’ are the transverse polarization
vectors of the incident and forward-scattered
photon, respectively. The dispersion relation
for the spin-flip amplitude may be written with
the assumption of no subtraction as*

1 (olo, (v)-o (v)]dv?
Ref2(1/2)=+WPj0 A V,nyz ., (3)

Since the low-energy theorem?? informs us



