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Measurement of the circular pelari-
zation of high energy v rays from the
decay of neutral elementary particles
seems to provide important information
concerning the polarization and decay
properties of these particles. The method
which is best suited for analysing the
circular polarization of photons of lower
energy, viz. Compton scattering on
polarized electrons, has also been used
for photons of 70 MeV from =n° decay (1).
This method is, however, difficult to
use because of the small Compton scat-
tering cross-section at high energies.

In this note we discuss the use of
pair production for measuring the ecir-
cular polarization of high energy photons.
This method has a large efficiency in
that both the cross-section for pair
production and its polarization depen-
dence are large. We discuss later some
possible experiments to which it is
hoped that this method may be applied.

The wmethod uses the correlation
between the circular polarization of

(*) Work partially supported by the Office
of Naval Research,

M) R. L. GARwWIN, G. GIDAL, L. M. LEDER-
MAN and M. WEINRICH: Phys. Rev., 108, 1589
1957).

the vy ray and the direction of motion
of the pair particles. The differential
cross-section for pair production by
completely circularly polarized high-
energy photons has been derived pre-
viously (2) and is, after summing over
positron and electron spins, of the form

(1)  do=a + bliexe*)-(uxv),

where u and v are, respectively, the
components of the momenta p; and p,
of the positron and the electron per-
pendicular to the photon momentum k.
e is the complex photon polarization
vector and iex e*—= 4k, the upper and
lower signs referring to right and left
circular polarization, respectively (3).
a and b are positive quantities dependent
on k, p, and p, and on the energies of
the positron and electron, & and e,
as well as on the atomic number Z of

(3} HasagoN Orsen and L. C. MAXTMON:
Phys. Rev., 114, 887 (1959). Note p. 893,
eq. (4.10). However, in the second term in
this equation the factor |J-e*|* should read
7-el2.

(®) We use the usual convention, as in
J. M. BrarT and V. F. WEISSKOPF: Theoretical
Nuclear Physics (New York, 1952); note p. 807,
eq. (5.1).
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the nucleus. Energies and momenta
are measured here in units of w22 and me,
respectively.

The quantity b is zero in the first
order Born approximation. This may
be understood in the following way:
For electromagnetic interactions the
cross section must be invariant under
both space and time reversal. Under
time reversal not only should the direc-
tion of motion of the particles and
their spin directions be reversed, but
also the direction of motion of the
spherical waves in the scattering states
deseribing the initial and final states
must be reversed. Thus an ingoing
particle which is accompanied by sphe-
rical outgoing waves is, under time
reversal, changed into an outgoing
particle accompanied by spherical inco-
ming waves, and vice versa. Since
{ie X €*) - (u X v) changes sign upon time
reversal b must also change sign in order
that the cross section be invariant ynder
time reversal. Since b depends on the
vectors k, p, and p, only through their
scalar products the only effect of the
time reversal on & can be that due to
the change of the ingoing to outgoing
waves and vice versa. Since the first
order Born approximation eross-section
is independent of the use of ingoing
or outgoing waves in the initial and
final states (%), the contribution to b must
come from higher order Born approx-
imations {?).

With k as the z axis the polar and
azimuthal angles of the positron and
electron are denoted by 6;, ¢, and 6,, @,

() Haagox '01sEN, L. €. MaxiMox and
H. WERGELAND: Phys. Rev., 106, 27 {1957)
Note Sect. 4, pp. 31, 32.

(*) This also follows from the fact that b
is proportional to the imaginary part of the
matrix element. Thus, since the first order
Born approximation matrix element is real,
only higher order Born approximations con-
tribute to b. For a more detailed discussion
see H. KoLBENSTVEDT and HaakoN OLSEN:
Nuovo Cimenlo, 22, 610 (1961); note Sect. 2
and Appendix A.

1391

187

respectively. For a right ecircularly
polarized photon the cross section doy,
for emission of the electron to the right
of the positron production plane, viewed
in the direction of k with u pointing
upwards, is then obtained by integrating
eq. (1) over all values of 6, and 6, and
over @,—¢, from 0 to =. Also for a
right circularly polarized photon, the
cross section do,, for emission of the
electron fo the left of the positron
production plane is obtained by inte-
gration over all 6, and 6, and over
@, — @, from 0 to —=. For a partially
circularly polarized photon heam the
corresponding cross sections are denoted
by dop and do; . The right-left electron (%)
emission asymmetry in pair production
by a photon beam with circular polari-
zation 4 Pp., upper and lower signs
referring to right and left polarization
respectively, is then found to be for
complete screening, in the lowest non-
vanishing order in Z,

dop—
"dog + do,

do,

&2
(2) I{ZPphz—'
fic

_ (6} + &)2n 1In 2
(e} + & + $e18) In (183Z27%) — Foysy

For partial screening eq. (2) is modified
only in that the denominator on the
right-hand side is replaced by (%)

(20) (&} + & + §em)i Pi(y) + In 24—
—566[D(y) — B(»)] -

The asymmetry is directly propor-
tional to Z, which shows that the con-

(*) The roles of electron and positron may
of course be interchanged in the above dis-
cussion; this merely changes the sign of the
asymmetry.

(*) The functions &, and ¥, of

v = 100kZ /¥es,,
are given in H. A. BETHE and W. HEITLER:

Proc. Roy. Soc. (London), A 148, 83 (1934) and
ref. (*), pp. 900, 901,
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tribution from the first order Born
approximation is absent, as discussed
above. The asymmetry is large for
heavy elements: For P¢ and completely
circularly polarized photons it is 0.50
for e,=¢, and 0.57 when pair particles of
all energies are observed.

We next consider some possible
experimental applications. The sign and
magnitude of the (transverse) polari-
zation of the X° hyperon produced in
the reaction =~ +p*t— 204 K°® can be
determined by measuring the circular
polarization of the y rays from the X°
decay X°— A+~ (8). The circular pola-
rization of the vy ray in the laboratory
system is given by

2M sk

CEEY PRk,

(3) Pph:

where My and M, are the masses of
the 2° and A° hyperons, respectively,
and Py is the polarization of the X9,
the average spin of the X° in units
of 14

Equation (3) is easily derived by
looking at the £° decay in the system
in which the X is at rest. Take the z
axis along the direction of the polari-
zation of the X°. The polarization Py
may be thought of as the difference
in probabilities w, and w_ for the X°
having 2z components of spin + 1%
and — } %, respectively. Consider the case
in which the photon is emitted in the
direction of the positive z axis. From
conservation of angular momentum it
follows that when the 2 component
of the spin of the X° is + 4%, then the
2z components of the photon spin and
the A° spin are +#% and — }4, respec-
tively, and conversely when the 2z compo-
nent of the spin of the X9 is — }# then
the z components of the photon spin and
the A® spin are — % and 43 #, respectively.

(*) L. MicHEL and H. ROUHANINEJAD:
Phys. Rev., 122, 242 (1961). Note Sect. 8, p. 247.
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Thus in X° decay the probabilities for
right and left circularly polarized photons
are w; and w_ respectively, and thus
P,=Ps. When the photon is not
emitted in the direction of Pys, then
the circular polarization of the photon
is given by the component of Py along
the momentum of the photon, kg,:

(4) P = (Py Fegukey -

kg, is the momentum of the photon in
the system in which the X° is at rest.
Performing a Lorentz transformation
to the laboratory system and noting
that the IO is transversely polarized,
the photon polarization in the labora-
tory system is

~ A~

M= (Ps - kk

(5) P, = =
By —ps-k
where Ey and py are the energy and
momentum of the X9 respectively. The

~

factors of (Px-k)k in eqs. (3) and (5)

are easily seen to be equal by energy

and momentum conservation.
Measurement of the polarization of

"the photon from the X° decay by obser-

ving the right-left electron emission
agymmetry with respect to the positron
plane, eq. (2), thus gives the possibility
of determining both the magnitude and
sign of the Z° polarization.

As the efficiency of pair production
as a polarisation analyser is proportional
to Z it is important that the pair pro-
duction should take place in the field
of a heavy nucleus. On the other hand,
from the lack of transverse polarization
of A® hyperons produced in =~ collisions
on Xe nueclei (°) it may be expected
that in order to obtain sizeable X°

(*) E. V. KUzZNETSOV, 1. A. IVANOVSKAYA,
A. ProkEsH and L. V. CHUVILO: Tenth Annual
International Conference on High-Energy Physics
(Rochester, 1960), p. 383.
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polarization the X° production should
take place in collisions of = mesons with
light nuclei, preferably protons. Thus it
seems that a propane bubble chamber
with an admixture of CHgI might be
appropriate for this experiment (10-12).
For iodine (Z=53) the asymmetry is 0.37
when pair particles of all energies are
observed.

From the definition of the asymmetry
it is apparent that the electron and
positron must be distinguished. In
other respects the experimental dif-
ficulties inherent in this method at
high energies, viz., the accurate deter-
mination of the photon direction and the
effect of multiple scattering of the pair
particles, are the same as in measure-
ments of the linear polarization of
photons, for which the pertinent theory
has been worked out by KAaRLsox (13)
in connection with =® decay and by
MicHEL and ROURANINEJAD (8) in con-
nection with X° decay.

Also the coefficient, «, of the corre-
lation between the momentum of the
7~ meson, p., and the polarization Py
of the A° in A®decay, A°—»n+p,
may be determined by the present
method, as an alternative to the method
utilizing the correlation between the
momentum of A? and the spin of the
decay proton ('%). For simplicity we

(3*) D. V. Buge in O. R, FRISCH: Progress
in Nuclear Physics, vol. T (New York, 1959), p. 1.
Note pp. 34, 35.

(1) R. W. WiLLIAMS: Can. Journ. Phys.,
37, 1085 (1959).

(**) Also for such a liguid the radiation
length is reasonably small, See Table V in
ref. (*°) and Table I in ref. (*1).

(1*) E. KARLSON: Ark. Fys., 13, 1 (1958).

() T. D. LEg and C. N. YaNG: Phys.
Rev., 108, 1645 (1957); E. Borpt, H. S. BRIDGE,
D. O. CALDWELL and Y. PAL: Phys. Rev. Lelt.,
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consider only the case of slow Z° particles.
The differences between the rest systems
of the X® and A° and the laboratory
system may then be neglected.

The angular distribution of the n—
meson relative to the polarization of
the A° is of the form

(6) 1+ o pa -

From the discussion above it follows
that Py= Tk, the upper and lower
signs referring to right and left circularly
polarized photons, respectively. Thus (6)
becomes

1F apk .

Measurement of the correlation between
the direction of motion of the n~ meson
and the circular polarization of the vy ray
may thus be used to determine the
sign and magnitude of «.

Finally, it should be mentioned that
the method may be applied to measu-
rements of circular polarization of pho-
tons from =0 decay, testing TP invariance
in ©® decay (¥*%), and from K° decay,
discussed recently by DREITLEIN and
PriMAKOFF (19).

1, 256 (1958); R. W, BirgE and W. B, FOWLER:
Phys. Sev. Lett.,, 5, 254 (1960); J. LEITNER,
L. GrRAY, E. HART, S. LICHTMANN, J. WESTGARD,
M. Brock, B. BRUCKER, A. ENGLER, R. GEs-
SAROLI, A. Kovacg, T, KikucHI, C. MEITZER,
H. 0. ConN, W. BUGG, A. PEVSNER, P, SCHLEIN,
M. MEER, N. T. GRIMELLINI, L. LENDINARA,
L. Monar: and G. Puppi: Phys. Rev. Leil., 1,
264 (1961); E. F. BEALL, B. Corg, D. KEEFE,
P. G. MurpHY and W, A. WENZEL: Phys. Rev.
Lett., T, 285 (1961).

(**) J. BERNSTEIN and L. MIcHEL: Phys.
Rev., 118, 871 (1960).

(*%) J. DREITLEIN and H. PRIMAKOFF: Phys.
Rev., 124, 268 (1961).



