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Abstract

A general theory of pair creation in an aligned single
crystal is developed. In the limiting ceses, it deacribes co-
herent pair creation and pair creation in a constant field.

During the interaction of a high-energy photon with a sin-
gle crystal the e'e” pair creation is considerably modified in
comparison with the amorphous medium. The coherent creation
mechanism due to an interference of the contributions from va-
rious centres is well known (see Ref. [ 1] and the references
cited there). Quite recently, it has been revealed that at su-
perhigh energies (tens of GeV), when a photon is incident on a
single crystal nearly along the crystallographic axes (planes),
the pair creation mechanism in the field of a particular axis
(plane) starts acting (Refs. [2«-#;].}. This nera?,achaniu mani-
fests itself when the parameter ‘at,-?:.i @@f";za. where K is
the characteristic value of the axis (plane) potential, m is
the mass of the electron, ¢« 1is the photon energy, Q 1is the
range of potentiasl action depending upon the conditions
ws¢a § Qg » Uy is the amplitude of thermal vibratians, and
Qg is the radius of screemning). Strictly speaking, the stan-
dard theory of coherent pair creation fails at 22 3. 1.

In the present paper short version of a general theory of
pair creation in a single crystal is presented which is wvalid
at any energies and describes coherent pair creation and pair
creation in a constant field in the limiting cases.

We are mainly interested in the 22 > 4 region when the
parameter Q.= V..E..;i::arnﬁt}}i. In Ref, fﬁ], the general formula
was derived in the quasiclassic approximation for the process
probability w, dependent on the trajectory of a particle of the
crea_._i';'ud pair. If the incident angle ’9.: (the angle between
W= + K 1s the photon momentum, snd an axis direction)
satisfies ”95»’9:. 5@ » then the increment in the .*rilncit;r
U is possible to take into account in the straight-path ap-

proximation, and AU m%ﬂ. In the limit when@iﬁ‘) ):'( r-}é'ga)%?j ’
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pair creation occurs locally and is described by the formulae
for a comstant field (Ref. [6[). By virtue of the condition

Oe >)£ , there exists the region of overlap of these spproxima-
tions: %}3 &» /8;:. . Since at /9&..‘55,9& the probability wi
stops tathl dependent on the incident angle (accurate up to the
terms ~ §¢). the straight-path approximation can be used up to
&: (O . At large enirance engles, %9‘:{{{ » the Born ap-
proximation holds L-_E:]. In the quasiclassic approximation, we
obtain the following axp:rusion for the pair creation probabili-

ty per unit time: -r. ‘t:
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where of —*?'i-fz:? ELED-é ( £ 1is the energy of a partic-
le of the p.:u-) » Q= nq ?L g-nQy 3 \\/ is the crystal volu-
me, and the g.?ltﬂ. potential is chosen as follows: f//?_,)
;G@ &'!_J|€ Formula (1) contains all the informationm on the
tilt-angle dependence of the process.

We choose the z-axis along the string of atoms forming the
axig. In the case m:.ﬁ« __.V_: %i‘:ﬁ.r Do
lying ina the (x,¥) plane, a:nd QT ~= » 4 for the other q (with
Qs * 0)e In view of this, one mﬂl_ﬂtm only the terms
with q! = 0 in the double sum of eq. (1) (the contribution
tor Q4 # 0 is suppressed in powers of W/m). Expanding in
terms of ¢, T in eq. (1), we 2ind:

«i for the q vectors
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where (g]= 5; Z J m, g (,\) is the Hacdqna.:.l._déé.g
function, and [ =Vr"-:'-. ; here the potantial 'Z G4 )E’
is hu-d‘_j‘.'umional (in the x, y plane), i.e. vqg% +« The
vector b depends only on the local characteristics of the
potential (acceleration at the point §; }« The first two
terms in eq. (2), independent on Fn’{/sg) » glve a known proba-
bility of pair creation in a constant field (fé;. Rets. [2.5]).
while the remaining are the correction t:-':t V Calculations
show that the coefficient at (’"*So/{é ) .eqs (2) proves to
be relatively small, and this makes it possible to make uge of
formmla (2) up to ,-3, N;:vﬁ at not too large values of =2¢ .
At the threshold of manifestation of the conatant field effects
(9@ £ 1) the correction is positive a.nd'M/: is minimum at
.Sﬂ = Q. With an increase of 22 , the correction alters its
sign and at 'S'n = 0 the pnbahﬂity-‘/ﬁz;htmu mim;]Er
sufficiently large values of the parameter 72 , the theory of
coherent pair production is substantially modified. In this
case, in the expression rnrM (in eq. (1)) it is necessary to

keep, in the exponent, the terms with ) +4),’ = 0 in the

firat term of the double sum, which contribute the terms
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l '”/9': The remaining terms are of the order — _‘ﬂ:) and

(’!‘.4, e %J. Considering them to be small and expa.ndj.'ng

We , we find
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The quantity Q s | ._.L" iz the parasmeter of non-dipoleness
m V
ories. When o 0(49‘,}) _F) s formula
m

(3) transforms into the probability of the standard theory of

for above-barrier trajec

coherent pair creation. The latter is valid for any values of
the parameter m it &'))u. At D@ A 1 the region of appli=-
cability of
it is sufficient only thut( Zﬁa) K.
We proceed now to the discussion of the behaviocur of the

tilt-angle dapaudannnl when varying fd( Qd. At € 1 the cons-
tant fields effects are exponentially small and the tilt-angle
dependence is completely given by formula (3), the '9 -func-
tion in eq. (3) provides the satisfaction of the condition
,9‘, »__ga , i.e. the standard theory of coherent pair creation
is applicable (this situation is reflected by curve 1 in Pig.

)e With increasing ¢ , when 22 >_ 1, the external field
pair creation mechanism “switches onj the minimum at n9n =0 E
(see curve 2 in Pig. ) goes gradually to ngxim (see curve | !
3 in Plg. ) and up ta energies ¢J ,%05" 'E:"_ the probability
W(-ﬂ:ﬂ) grows , The value or W (/B 0) can be estimated l

e's
as follows: W-Nucn V il“'“a.s where of 1s the average
L ey
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(3) turns out, hnmar, to be noticeably wider:

distance between the atuvams in the etring and " is the densi-
ty of atoms in the crystal (Ref. ESJ). For large ¢ , the an-
gular width of the peak is of the order X° '/3 s in practice,

the regions of applicability of formulae (2) and (3) are over-
lapped, and this enables the entire orientation dependence to

be descridved using simple expressions (2) and (3).

In the recent experiment (Rut.f?]), the enhancement of
pair creation by photons with the energy (W = 50-110 GeV in a
single Ge crystal was observed, but the observed probability
is aspproximately 3 times lower in comparison with a theoreti-
can one. To clarify the situation, further experiments need to
be performed and of particular concern is & comprehensive
study of the orientatiom dependence.
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Caption of the Pigure:

Orientation dependence (under experimental conditions of
the type described in Ref. [7]) of the pair creation probabili-
ty for photons incident nearly along the(110)axis of a single
Ge crystal cooled down to T = 100 K. Curve (1) is attached to
() = 30 GeV, curve (2) to & = 100 GeV, and curve (3) to W =
= 1000 GeV. The dashed sections of the curves are obtained by

interpolation.
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