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1) In a previous work(") the authors have shown thet thick
single crystals can be used as polarizers and polarime-
ters for high energy gamma rays. This possibility is due
to the well known coherence effects in pair production,
which cause a dependence of the absorption cross section
on the linear polarization of the photons.

In this paper we show that as a consequence of
the effects discussed in A and B single crystals are al
s0 birefrangent. This opens interesting possibilities
in the use of single crystals for the handling of cir-
cularly polarized gamma rays. In particular it is pos-—
sible to use a crystal of appropriate thickness as the
high energy analogue of a quarter wave lenght plate to
“convert linear into circular polarization, and vicever
sa, In this way it will be possible %o produce and ana

lize circularly polarized gamma ray beams of very high




2)

energy. As in the case of linear polarization(1) the ef-
ficiency is found to increase with the energy.

As in A we consider a cubic crystal of thickness x and

a photon whosge momentum'gpis in the (001) plane of the
crystal at an angle 9  from the (110) axis, The pola
rization vector é? of the incoming photon will in ge-

- e
neral be a combination of two vectors - and Y (see B)

respectively on the (001) plane and orthogonal to it:
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z can be considered as a two component vector
éég,[g,,éé}. After the crystal the Outgoing amplitude
in the forward channel (photon of momentum X) will be

2y
connected to £ by & 2 x 2 diagonal metrix of the form\2)
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where &;:iéﬁ(3) and the quantities #»
analogues of the refraction index in optics.
The crystal acts as 2 1/4 A plate if the relati-
i

ve phase of the two components is changed by 3 i.e.

it /?e(ﬂ'l—n”)au»\’ = ::f- .

the absorption cross section: iéﬂﬁﬁwf:'ﬁf”*" and were
discussed and evaluated in A and B. The real parts can
be derived from them by the use of dispersion, rela-
tions(4). We are interested in the difference of the
real parts, which enters in the phase relations between

the two components: .
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where b is the screening lenght, N the number of atoms
per unit volume, a bthe lattice constant, D(q) and A are de-
fined in B; /2= 2(k.a), & is the angle between the (100) and

the k, g planes. Integrating term by term, we obtain:
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The summation is extended on +the points in the re-
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ciprocal lattice for which (k.q) > 0.

3) Numerical evaluation of equation 4) for the case of a Cu
crystal have been done with an IBM 1620 computer., In table T
we give the "best results" around 1 GeV, 6 GeV, 40 GeV, and



- 4 -

the thickness of a 4/3 plate, X mrji'f%”£f7y)f

el
TARLE T
L GeV Jhmrad Reﬁrﬂw? X in cm
1 28 2,62 11.5
6 3.7 2.74 1.84
40 0.46 2.67 0.273

It is seen that the effect at the best angle is nearly
independent from the energy. In fig. 1 and 2 we give the
vdependence ofzﬂ(hl-f?” ) on the angle and the energy

| in the 6 GeV region, For comparison these figures con-
tain also a plot of B(f,w )= (B2 /&S,

It is seen that Re(s< -»% ) has maxin® where
AE/AN is maximm!6),

It is a suggestive possibility that the effects
discussed heve and in A and B will allow the introducfion
of an new family of "optical" instruments for the handling
of very high encrgy photon beams.

We are grateful to the "Gruppo Calcoli Numerici"
of the Frascati Ieboratories for the assistance given to

us in the use of the IBM 1620 competer.
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The diagonality is due to our choice of the basic
vectors and the symmetry of ocur situation in res-
pect to the (001) plane: the exponential form can
be assumed because the coherent action of the cry
stal is limited to microscopic dimensions because
of multiple scattering of the produced electrons.

&

We use the usuval units with ., =C = 1 and also
g = 1.

The n's introduced here are essentially the ampli
. g

1
tudes for forward Delbruck scattering in a crys-—
tal.,

This is obtained from egs. 15') and A10) in B ne-
glecting q2 in respect to m, and B, an approxi-
mation which was found very accurate and greatly
simplifies the integration.
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