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X. The ratio of these two terms is

f= —5.7/) o0,

in which a0=0.529&10 ~ cm. The corresponding ratio for the ns
contribution is the same.

The fractional decrease in the hfs of He' caused by the nuclear
structure will be (p„/err„a)f If t.he parameter X is chosen so that
the binding energy difference of 0.764 Mev between H' and He'
is attributed to the electrostatic energy between the two protons
in He', it is found that X=0.74)&10" cm '. If the parameters of
an exponential potential well are chosen to fit the two nucleon
data and X is chosen to give the highest binding energy for H', it
is found that X=0.93&10I3cm '. This value of ) yields a binding
energy of 9.79 Mev for H' compared with the experimental value
of 8.492 Mev. 4 Hence the uncertainty of the nuclear wave func-
tion limits the accuracy of this calculation. ' For X=0.74&10"
cm ', the fractional decrease in the He' hfs will be —1.3)&10 ',
with an uncertainty of ~10percent arising from the approximate
integration.

This calculation has neglected nuclear motion effects, ~ admix-
ture of D state in the nuclear wave function, ' and exchange mag-
netic moments. '
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'HE purpose of the following is to examine the problem of
deducing information concerning the P-interaction from

P-recoil angular correlation experiments. We restrict our atten-
tion to allowed transitions. Then, in terms of well-established
notation, the probability for emission of the P with energy TV per
d8' and with angle 8 between the P and neutrino, per sin8d8, is

P(W)- pW(W, —W)sp(Z, W) l2—f I' 1+—~+— (1)
g2 up b

4m.3 8' 5" '

where g=cos8, lilfl' is the usual square matrix element weighted
with the squares of the relative interaction coupling constants,
and the constants b and a are defined elsewhere. '

Of course, the correlation in 9, the angle between the P-particle
and recoil nucleus, is the pertinent consideration. For P-particles
of fixed energy this is

Q'(8) =KP, (W)J(8, W)pl+of(8, W)+b/W j, (2)

where ED=PS'(5'0 —8")'F(Z, 8') and K is a constant propor-
tional to g'lM l'. In Eq. (2), J(8, W) is the iacobian of the @~8
transformation and f(e, 8") is pp/'0/' written in terms of the
indicated variables. 2

J(g, W) = (1—X' sin'g} &L—sX cosg+(1 —X' sin'8)&js, (2a)

f(8, W) —(P/W) l X sin'8+s cosg(1 —Xs sin'8)&g. (2b)

Here ) =p/q and s ~ 1 for ) & 1 while for X)1, s = &1 according as
8~(80= are cos(—1/7 ); in the subsequent integration over W the
contributions of both &=~1 must be added in the range p&q,
W) (Wp'+1)/2WO.

If one envisages an experiment in which only a very narrow
band of P-energy is accepted, so that Eq. (2) applies, one cannot
determine all the constants separately. Only Eo anti K(1+9/W)
enter. If one considers pure Gamow-Teller transitions (AJ=1,
He' for example) or pure Fermi transitions (say 0"), this implies
that the ratio of coupling constants (Cg/Cz in the 0-T case) is a
double-valued function of a, and it would appear necessary to
Qx b within narrow limits to resolve the ambiguity. However, this
ambiguity is not at all present under the conditions of the experi-
ment as it would presumably be carried out. Accepting a wide
band of P-energies, one measures

Q(8) =JQ'(8)dW.

This is of the form

Q(e) =CIAI(B)+C2A2(8)+C A (e),
where cI=K, c2=Kb, c3=Ku, ~nd the three functions A; are
linearly independent and well-defined. They would be obtained by
numerical integration over the accepted band of 8', except that
in no case will energies greater than W contribute,

W =sec'gl W, —sing(Wos —cos'8)&j. (4)

The constants c; are axed from the data, by least squares for
example, and then a c3/cq. However, for pure G-T transitions a
least-squares analysis should take into account the fact that the
constants are not independent, but ci = c2 +9c3 .

If one accepts the result of no Fierz interference4 (b=0), the
correlation experiment for a 6J=0 transition (other than 0~0)
should give —1&a&-,' for pure S and —,'&a&1 for pure U com-
position of the Fermi component. In addition, the value of u
gives Cs'l j'1 ls/Cr'l j'o'ls. If one does not assume CsCv=0,
then the c; are independent for 6J=0 transitions and a determina-
tion of

l Cs j'1/Cr j'o'l (for both Cs = Cs and Cv) is possible in
principle.
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[EASUREMENTS have been made of the absolute scin-
J ~ tillation efIiciency of single anthracene crystals at room

temperature. The experimental method included the following
observations:

(a) The transmission coeiiicient of a spectrophotelometer, of
constant band width A., as a function of the wavelength ) .

(b) The relative spectral response of an EMI 6262 photomulti-
plier, using a standard lamp of known color temperature and the
calibrated spectrophotelometer.

(c) Reduction of the intensity of the light from the standard
lamp by a measured factor, using a diffuse reflector, the inverse
square law, and calibrated filters.

(d) The absolute spectral sensitivity of the photomultiplier,
using the reduced light source of known intensity and spectral
distribution.

(e) The relative intensity distribution of the fluorescence trans-
mission spectrum of single anthracene crystals, using .the cali-
brated spectrophotelometer and photomultiplier.
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(f) The Qux and energy of a collimated beam of n-particles from
a Po'" source, using standard scintillation counting techniques.

(g) The alfsolute light emission frem an anthracene crystal
excited by this u-particle Qux, using the calibrated photomultiplier.

It was found that the Quorescence transmission spectrum and
scintillation efficiency were independent of crystal thickness d,
for d)1.5 mm, and the final results were obtained from the mean
of measurements on 4 clear, polished anthracene crystals, exceed-
ing this thickness. The absolute scintillation efficiency Cl~ (total
energy of fluorescence emission/total energy of incident radia-
tion) was measured for several o.-particle energies, from 0.042
percent at j..18 Mev to 0.223 percent at 3.85 Mev, corresponding
to 0.324 percent at 5.30 Mev. The mean wavelength of the
Quorescence emission was 469 mp, corresponding to a mean photon
energy Ez=2.65 ev.

Hopkins' has observed that the scintillation efficiency of anthra-
cene for excitation by 5.3-Mev electrons is 11.6 (+0.2) times that
for excitation by a-particles of the same energy. Hence we obtain
Ct» =3.76 (&0.07) percent for thick anthracene crystals at room
temperature, excited by fast electrons. This corresponds to an
energy expenditure Et& = 70 5 (+3.8) ev/fluorescence photon.

This value may be compared with that derived from the
"photon cascade" theory. 2 On this theory, the scintillation process
consists of m molecular Quorescence emissions, of decay time (tf) p,

and quantum efficiency qp. The mean value of ~s is given by

m= (4)r/(&r)e, (&)

where (tr)r is the technical scintillation decay time of a thick
crystal. The scintillation quantum efficiency is

(2)

the scintillation energy efficiency is

and not
r4 e(r) sin(kr+k ' log2kr+n),

rPI, (r)~sin(kr'+q) .

Since it is not clear in what way the presence of singularities such
as 8-functions in the expansion coefficients constitutes an objec-
tion to the treatment, the point will not be pursued further. -

It is of more importance to note that the result of Mott and
Massey, correctly interpreted, does Not diverge and is in fact on
the same basis as that of Borowitz and Friedman, the diA'erence
between the two being, of course, the familiar post-prior dis-
crepancy. This discrepancy inay be shown to equal

f +I s27r

e '""'"ye(rr)dre lim f J {e's'"grad(4„"(rq))
rI~OO

p„*(—r~) grad(e'"'"))rPdpdC, (1)

and if n is discrete it thus vanishes as has been pointed out by
Bates, Fundaminsky, and Massey. ' To prove that this result is,
as would be expected, generally true it need only be noted that
if m is in the continuum, (1) must be replaced by

Firstly we point out that if we make the same assumptions as
Borowitz and Friedman, it is obvious that such an expansion will
contain 8-functions. Using their notation, it is consistent with
their assumptions to choose V(r) =. 0, and since

sinkor= fdkS(k —ko) sinkr

the statement is immediately proved. However, their assumptions
are not comparable to those of Mott and Massey who use
essentially

Cre' ~Erl gr/Ez ~

and the energy expenditure/emitted photon is

+IF +Z/gl.

(3)

(4)

&n+~lt:n
dk„(expression (1)),ak„&.

where Ak is arbitrarily small but not identically zero (see
Gordon' ); and clearly this expression vanishes as

Ez is the energy expenditure/primary photon, which on the theory
is equated to the energy expenditure/ion-pair, i.e., 30 ev/pri-
mary photon.

For anthracene at room temperature, values of ( )ter=3. 5
mpsec, (tl)z =27 my sec, and qp=0. 9 have been observed experi-
mentally, ' giving m=7. 73 and gt=0.443 from (1) and (2). Hence
we obtain Ere=68 ev/photon, in agreement with the direct
experimental value.

A detailed account of this work will be published later. We wish
to acknowledge the support received from the South African
Council for Scientific and Industrial Research.
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sin(rhk )/rhk„.

Finally it may be worth while to point out that the formula
obtained by Borowitz and Friedman is the same as would be
found by following the Mott and Massey procedure for direct
scattering and using a properly symmetrized wave function
throughout.
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N a recent paper, Borowitz and Friedman' obtain an expres-
~. sion for the exchange scattered amplitude in the Born ap-
proximation which differs from that given by Mott and Massey. m

They question the procedure of expanding the entire solution in
terms of a complete set of eigenfunctions of a Hamiltonian ap-
parently because the coefficients of such an expansion must con-
tain B-functions, and they give a detailed proof of this latter
assertion. They state further that in the case of, for example, the
ionization of atoms by electron impact, Mott and Massey's result
diverges.

Polarization of the Three-Photon Annihilation
Radiation*
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E have used a triple coincidence counter method to in-
vestigate the polarization of the gamma-rays resulting

from the three-photon annihilation of positrons and electrons. ' Of
the many polarization eGects that one. might expect, we have
chosen to investigate the simplest from the experimental point
of view, i.e., the polarization of any one of the gamma-rays rela-
tive to the plane of emission of the three photons. The measure-
ment was conducted for the symmetrical case (equal angles be-
angles between the photons).


