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1 a previous work! the authors have shown that
single crystals can be used as|polarizers
olarimeters for high-energy gamma rays.

s possibility is due to the well known coherence
ects in pair production, which calise a depend-

e of the absorption cross section on the linear
arization of the photons.
this paper we show that as a cohsequence of
‘effects discussed in A and B, sihgle crystals
also birefringent. This opens interesting
sibilities in the use of single crystals for the
dling of circularly polarized gamima rays. In
ticular it is possible to use a crystal of ap-

cularly polarized gamma-ray beams of very

h energy. As in the case of line polarization
efficiency is found to increase with the energy.
s in A we consider a cubic crystal of thickness
d a photon whose momentum K is in the (001)
e of the crystal at an angle § from the (110)

s. The polarization vector € of the incoming
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photon w111 in general be a combination of two vec-
tors t and y (see B), respectively, on the (001)
plane and orthogonal to it: €=€ t+ezy

€ can be considered as a two-component vector:
€= (€,, €,). Beyond the crystal the outgoing ampli-
tude in the forward channel (photon of momentum
K) will be connected to € by a 2x2 diagonal ma-
trix of the form?

S= <exp[in f (w, x)wx] .0 )
- 0 explint(w, x)wx]/’

where® w=|K| and the quantities !l and nt are
the analogs of the refraction index in optics.

The crystal acts 4s a $X plate if the re1at1ve
pha.se of the two components is changed by %7,
ie., if Re(et-nlwy =1r.

The imaginary parts of these are connected with
the absorption cross section, Imn(w) =€(w)/2w,
and were discussed and evaluated in A and B. The
real parts can be derived from them by the use
of dispersion relations.* We are interested in the
difference of the real parts, which enters in the
phase relations between the two components:

re b is the screening length, N t

) J. ’ ’
Re[nHw, 6) -nll(w, 8)]= Pf 2 C 6 23(“’ 9 4 1)
m B one has®
" lw. &) =5 (@)L AN 1+(1-4/8) ) |
2,0 -2V, 0 =D k@] 6 (1-5) ({0 )0 ), @
K(?l)=—80‘i2"°2 %(ZN)a—z—bzf f‘l’)(;zA)Zz)cos(ze)D(’ )—2—4q Ay @

e number of atoms per unit volume, a the _l_ai_:sice constant, and
and A are defined in B; f=2(k+q), 6 is the angle between the (100) and the k, q planes. Inte-
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grating term by term, we obtain
Re(rt-n1) =3 flw,)s,8) @
and

V2 o2
o (1 -2) B2z

51 -4/8)
472 4y2 2 [ (1+4/8)v24+172
_—BT+,:(1+E)V -Elrl—ly——(1+4/ﬁ) 2‘1} ;

for g >4,

- 1/ : y22
70,86 Lx@{-[(5-1) 5ot 1)

B 8

4\2 2 (1+4)/B8)¥2+17?
+|:(1 +B—) —Eln——-—(1+4_——3)u2_1](

for B <4, (5)

The summation is extended over the points in the
reciprocal lattice for which (k-q)>0.

2,0 L @10° rad

FIG. 1. E (upper part) and Re(n‘L--n") (lower part)
as a function of 6 at w=6 GeV.

. 436

Table I. “Best results” around 1 GeV, 6 GeV, 4
GeV, and the thickness x of a 3A plate.

w 6 .
(GeV) (mrad) Re(n®-n") (c
1 28 2.62 i1
6 3.7 2.74 1
40 0.46 2.67 0

Numerical evaluation of Eq. (4) for the cas
a Cu crystal has been done with an IBM-1620
computer. In Table I we give the “best results
around 1 GeV, 6 GeV, 40 GeV, and the thick
of a 3A plate, x = (7/2w)n* -nl). It is seen th
the eifect at the best angle is nearly indepen
ent of the energy. In Figs. 1 and 2 we give th
dependence of Re(nt-n ”) on the angle and the
energy in the 6-GeV region. For comparisd
these figures also contain a plot of E(5, w)
=zt-zlhy/ztszl,

It is seen that Re(zl -z /) has maxima wher
dE /dw is maximum.®

It is a suggestive possibility that the effect:
discussed here and in A and B will allow th
troduction of a new family of “optical” instru
ments for the handling of very-high-energy pt
ton beams. e ‘

Refn’ - o) x 101

FIG. 2. E (upper part) and Re(nt-n') (lower
as a function of w at 6=3.7 mrad.
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are grateful to the “Gruppo Calcoli Numer - assumed because the coherent action of the crystal is
of the Frascati Laboratories for the assist- limited to microscopic dimensions because of multiple

iven to us in the use of the IBM-1620 com- scattering of the produced electrons.
3We use the usual units with % =c =1 and also my=1.

i 4The #’s introduced here are essentially the ampli-
~Cabibbo, G. Da Prato, G. De Franceschi, and tudes for forward Delbriick scattering in a crystal.
osco, Phys. Rev. Letters 9, 270 (1p62); N. Ca- SThis is obtained from Egs. (15‘) and (A10) in B
bo, G. Da Prato, G. De Franceschi, and U, Mosco, neglecting g* relative to m ¢ and B, an approximation
o cimento (to be published), hereafter referred which was found very accurate and greatly simplifies
A and B. ’ the integration.

e diagonality is due to our choice of|the basis At these points zt- E" is also maximum, since
tors and to the symmetry of our situation in re- 3t + 2" is dominated by the incoherent contribution
¢t to the (001) plane; the exponential form can be and relatively flat,
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