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The interference effect of bremsstrahlung in a
crystal, has been investigated theoretically by Uberall(ly,
who caleulated the cross section, by (%, ) , of brems
strahlung in crystals, from high energy electrons, as a
function of @ , the angle between a crystal axis and pri
mary electron beam, and, c[‘ , the minimum momentum trans
ferred to the nucleus.

' Fi@ure 1 shows the behaviour of the cross section
5Zr(gﬂ Jy for a silicon single c¢rystal.

Various expériments have been carried out in or-
der to see the interference effect of bremsstrahlung.

The first experimentqz)

s performed with the Stan-
ford linear accelerator, did not show the expected va-

riation of the cross section versus & . A second experi
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ment(apﬂ pertformed with the Cornell University electro~
synchrotron, showed the interference effect in a quali-
tative fashion, but the minimum of the ¢cross section for
& = 0 was not found. An experiment carried out at Fra-
scati‘é) gave results in a good agreement with the Ube-—
rall's theoretical calculation.,

The same Frascati experiment performed with bet
ter angular resolution{sb, { 48 ~ 104 rad) gave evi-

dence of a fine structure, in the cross section

8,0,

i.e, the behaviour of the cross section is like that of

'@r ‘

the fig. 1 but with a set of maxima and minima for some
§- values. After an accurate analisys(6) of the & va-
lues, for which were found the maxima of the cross sec-~
tion the conclusion was reached that: the Ubetall's ap~
proximation of considering the crystal lattice planes
Perpendicular to the primary electron beam, were contiw
nuous planes; was inadeguate for a comparison between theo
retical calculations and experimental results obtained
an angular resolution like that of the Frascati experi-
ment.
We have therefore calculated the cross section
/b 4, d } + taking into account the discontinuous di-

strlbutlon of the crystal lattice points.

Fine structure of the interferential cross section.

The interferential cross section has the form:
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where the simbols have the same meaning of reference (1)



and *@m s -

a e = s are the components of a
reciprocal lattice vector.
The reciprocal lattice plane hy = C give the ma~-

jor contribution to the summ (1); so we can write down:

b d)- 2w I 148,5) ST ) «

(2) )
B C A, 27 e g ZHA .
xd/;f-gj»—f’;»’ff)mfx‘ %)t 9, 4 & LY A,

where the argument of the first Dirac's delta function
is:
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that using the small angle approximation is:
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Since the Y4 variable does not appear in the cross sec
tion Cﬁ,ﬂﬂ 9’$?} s Wo can integrate over these varia-
ble, with the first delta function. After a second inte-
gration over a variable that it is not in the two delta

functions we have
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In calculating (3) we have assumed that the pri~

mary electron beam lie in the {aj, ap) plane (see fig. 2).
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When we consider a real crystal we

must take into account the thermal

Z, P motion of the atoms.
As shown in reference (1) thermal
Z-5 — . , i
Wﬁ 4, motion splits the cross section in
g - to two parts, one giving a conti-
- N nuous contribution, and the second
£ z,
which apart for a factor e—4d2 jg
- . . o
FIG. 9 the cross section of an ideal ery
stal.
A is given by
Smict L7 TGy T
T e //-» T ND &/)/
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where §5/§9/4#) is the so colled Debye function, depen-—
dent on the absolute temperature T and the Debye tempera
ture &

The factor e—Ad2 limits q to values less than
0,1 {(me units), so we can consider terms of the type
qz/ﬁEl to be less than g, and expand the roots in (3).

The cross seetion is now
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The continuous part of the cross section 6ZS/J7

is the same of reference (1), the interferential part is:
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Where g is a reciprocal lattice vector in the plane (5},5}}.

The ccmponent g must be larger than d?@* « When
we consider the real points distribution in the crystal
lattice. The interferential part of the cross secticn

éZ/,Q@/dC} becomes a function also of the angle < be
tween the {ﬁz 51} and (5}, é;} planes.

In (5) X is set egual to zero.

Aetnally the behaviour of the cross section depends
on the type of ecrystal and on the choice of tho axis, at
small angles with primary electron beam. For a silicon sin
gle crystal (axis Zﬁ111;7'with the assumption that the
electron momentum E} is in the {5} 52} plane the %&_é%,/y

are.

We have taken into account thQ dilamond lattice type, of
the silicon erystal, by 2 factor 4 in the %L&/ZgyC) and
taking a suitable value of a. The figures | 4,5,6,%, }
show the theoretical cross section gzr{zﬂ/oﬂ) for brems-—
strahlung’s silicon single crystal (axis / 111_/) and in
a diamond single crystal {axis Z#IIQ;7 at room temperatu-

re {T = 293°K), by 1 GeV eloctrons.
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