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Summary

Plots of intensity and polarisation functions are represented
and their use is explained in obtaining the main features of coherent
spectra produced from a diamond radiator for any desired electron
energy and crystal orientation. The polarisation to be expected may
be obtained from the curves for the first peak of the srectrum, which
gives the only significant contribution. In addition the contribution

of a single lattice point is represented,

Experimental situation

An electron beam with momentum ?;, energy EO, strikes the
diamond radiator ...at the small angle Qo with respect to the [llQ]-
= o
axis of the crystal. o is the angle between the planes P, LllQYand

[bOl],[}lQJ in the reciprocal lattice space, see Fig.l.
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Fig.l Reciprocal lattice plane, viewcL fileo



Coherent spectra for a = O,9O0

The resulting coherent spectrum, i.e. the dependence of the
normalized intensity ’
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on the relative quantum energy

()  x=Kk/E

may be represented as a function of the product %35 EO and is in its
coherent part proportionmal to Eoo Also, the position of the disconti-
nuities x. as well as the polarisation P are functions of QéEo’ which

d
have the following form.
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Ik and Ii are the coherent and incoherent parts of the intensity. (5)
and (6) are valid for any value of a. The reciprocal lattice points
in the~[b0f],{ild] plane are numbered by indices D,y n3 as shown in
Fig.1l. The polarisation is defined such that the electrical vector

is parallel to the plane p L}le

Given QO, EO and o = OO or 90 , one can construct a spectrum
by  the aid of the plots 1L A to 6 A, 6 AB (o = 0),or 1 B to 5 B,
6 AB (a = 90°), e.g.:

1 A gives the position of discontinuities x4 @s function of
o °Eo for a number of lattice rows nzo The dashed curve in addition

gives the x-value at which the maximum intensity of the first peak



has its half wvalue. With ?d fixed, Ik becomes a funct102 of QOEO
only., 2 A to 6 A give the upper and lower intensities, Ik and Ik
for the wvalue 90°Eo choosen. These have to be multiplied according
to (5) and then Ii(xd) must be added (plot 6AB). In this way the
spectrum is defined by 2 intensity points for each step and by a
half-intensity point on the slope of the first peak. At the high
energy end the spectrum approaches the incoherent part 6AB, which

is not dependent from Eo or 900
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Fig.2 Spectrum constructed from the plots 1A,B-6A,B
The polarisation function p (OOEO) is given in 7 AB. With the

intensity of the first peak now being known, it serves to calculate

the polarisation of the photons in the first peak.

Oo—dependence of intensity

For the alignment of the crystal, it is useful to know the

intensity as a function of Oo, with x = x_and Eo fixed., Again the
plots 1 A, 1 B give the values Qd = ~9%L£ﬁ~ for x = % at which the
L]

discontinuities appear. The intensity steps are taken from curves
2 A to 6 A, 2 B‘to 5 A, whichever case applies, as in the case of an
energy spectrum, In addition one now has to use the plot 8 AB, which
represents the total intensity, integrated over x, as function of

0 E ¢
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This has the follwoing reason. Experimentally, the intensity
distribution of the coherent photon beam is measured with a pair
spectrometer, taking the total intensity of the beam as monitor.
Taking an energy spectrum, Qo%? = const, the total intensity is
constant. However it changes with %}if a O-dependence is measured,

such that the intensity distribution actually observed is.
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Fig,3 ©O-Dependence of intensity from plots 1A,B-8A,B,

Contribution of the single lattice point (0,2)

In the general case O < a §;9OO the following relation gives

the position of all possible discontinuities in the spectrum;
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The intensity now does not allow a simple representation as in

the cases a = O, 900, but it has been shown experimentally by



Bologna, Lutz, Schulz, Timm, Zimmermann (to be published) that
orientations with small o and large OO are possible to allow the
separation of certain single lattice points such that the intensity
from this point dominates the spectrum, contributions from all other

points being small.

The most favorable lattice point with respect to intensity
and polarisation is (n2,n3) = (0,2); this contribution is therefore
also represented here, The position of this, single, discontinuity,

the intensity and polarisation are given by the following formulas.
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The functions Xg (QéEésin o), Ik (xd), and p(xd) for the single
point (0,2) are plotted on pages 1 C, 2 C. Ik(xd) = O in this case

because contributions from other lattice points are not included.

Given QO, EO and o one can find the position of the disconti-
nuity X3 from 1 C, The curves 2 C theﬁ give the necessary infor-
mation to calculate intensity and polarisation according to (11) and

(12)0 The polarisation obtained from this single lattice point is

higher than in the case a = O, 900° For small X4 the polarisation
approaches
T 1 )
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Fig,4 Spectrum from a single lattice point as constructed from
1C, 2 C, 6 AB.

Final remarks

The spectral intensities obtained in this way do not,; of course,
take into account all the experimental effects which tend to smooth
out the discontinuities such as primary divergence, multiple scatter-

ing, mosaic spread of. the crystal and apparatus resolution.

The universal character of the intensity- and polarisation
functions which are given here can be recognised in the formulas for
the cross section of coherent Bremsstrahlung production which have

*)

been given by Barbiellini, Bologna and Murtas .

I thank Dr.G.Bologna und Mr.G.Lutz for discussions and Miss
W.Kuffner for help in evaluating the data and for preparing the

drawings.

*) Phys.Rev.Lett., 8, 434, (1962), eqns. 3, 4 for a = 0, 907,

Nuovo Cim, 28, 435, (1963), egqn.3 for any «.
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