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by
T.H-Baiar. V.M. Kﬂtkﬂv' V.M.Strakhovenko

ABSTRACT

A mechanism of pair production by photons in a macrosco-
pic electric field of the axes (planes) of a single crystal has

been discussed. Simple expressions for the process probability
and spectral distribution at 2€ .S { is presented. An analy-
sis of conditions to observe the effect has been made.




A production of particle pairs by high-energy photons in
an external macroscopic electromagnetic field is an important
mechanism of the pair creation. This mechanism is well “known
(see., for example, ]:1]}. A character of the procesa is deter-
mined by the basic parameter
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wherekv(qf) is the photon 4 -momentum, pyn is the electron
2
mass, and Ee et mé: 1.32'1015 V/ em is the critical

field.
After averaging over the photon polarization the specirum

of the producted electrons (positrons) in a uniform or slight-
1y nonuniform field is given by a formula
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where}{v is the McDonald function,
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where E,, €~ are the energies of the producted particles.
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Pormula (2) is valid at arbitrary ¢ . The total probability of
pair production per unit time V{g is obtained after integrati=-
on of equation (2) over 3 (uga[‘l_] s PP. 173=175).

At ¢ «« 1 the probability Wy is
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Let us remark that the above expression has an accuracy better

than 15% up to 92 = 2, where the probability is large enough.
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The maximum of W, is attained at 2€ ~ 11 and at the larger va-
lues of€ (at fixed field) W, COD e ‘{3

The presented mechanism can manifest itself when 4he high-
-energy photon, incident on a single crystal, moves nearly
along the crystallographic axes (planes). The reason for this
is the following: in this situation the crystal field is desc-
ribed, with a good accuracy, by an averaged potential. The elec-
tric fields connected with this potential appear to be very
large in magnitude so the erfec\g‘%ﬁ obgerved for quite accessi-
ble photon energies. It consists in a substantial enhancing
(starting with a definite energylof the probability of pair
production and in a change of its characteristics, in particu-
lar, the dependence on photon polarization and the spectral
~ distribution. One should bear in mind that the standard Bethe-
-Heitler mechanism of pair production under these conditions

can undergo some modifications. Because the pair production me-

chanism as such is well investigated the problem is to take in-

to account the real configuration of the electric field in a
single crystal and to analyse the conditions under which an op-
timal observation of the effect ia poasible.

The main contribution to W, at 2€ .S 1 1s given by the
crystal region where the electric field is of the maximum value,
ihg maximum averaged fields in single crystala are attained ne-
ar the crystal axes (planes). To describe these fields we will
use the axis potential which appears to be quite adequate in
the radiation problem 2]

Q/(x)=v;[£,/{ :::Hg) £ﬂ+:r +22/ (4)

where OC = € Alzl% y Q is a distance from the axis, 'QJ is a
screening radius, ;r:"f = ,,f?"gfnd ' A 1is an average dis-
tance between the atoms in the chain forming the a.xis,'!?. is
the atom density in the crystal. The parameters of the potenti-
al should be fitted by comparing equation (4) with the numeri-
cal calculation of the lattice potential within some model,
e.g. in the Moliere spproximation. We have employed this appro- >4
ach for the axes (100)[3] and (1i1)(see the Table) for cer-
tain singla crystals. For estimation, one can uaav 7 ’
D = Qui /Qs , where «; is the thermal vibration amplitu-
de. The electric field for the potential (4 ) is
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The equality QP = 1 permits one to find out a photon energy

at which the discussed efi’ac:(hacumaa conaiderable
“g A
W Dp. 7 oy oo %)
where k=ﬁrﬂ is an electron Compton wavelength. It follows
from the estimation (7) that the effect manifeats itself first
for the crystals with minimal &, and meximal Z .
Bquation (3) holds in the WKB - approximation. It is easy

to estimate that number of state of electrons with energy

& < Z/(g) 18 R ~3F m(“ ) d taking into account that
at room temperature “i/k > 10 :tor all the crystals Wwe have

1 S>> 1 for any reasonable &m. Hence we conclude that the
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quasiclassical approximation is valid.
In this approximation one can introduce a specific time

r"'h-
C :
4 of pair formation [1}
e
T B AL (8)
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The constant field limit in the main contribution reglon
can be used if the field difference AE , due to the transver-
! d.u.ring
sal motion with velocity ¢} ~ V lfforma.tiun tima T 3
satisfies a condition AE ("(E + As a result, we obtain

Vw

an inequality

Sef =

(9)

At 2¢,~1 we obtain from (6) and “L/I '))1 just the inequali-
ty (9). Therefore we conclude that for the conditiens considered
one can use the results for the constant field. From the inequa-
1ity (9) it follows also that the transverse motion of the pro-
duced particles is a relativistic one. Let us remind that the
parameter similar to Qef (eq. (9) )appeara also in the radia-
tion problem [ij

We have considered mctually the case when the photon inci-
dent angle (the angle between 5_ and the axis direction) 1% =
= 0. All the estimates remain valid if "'94:: "S E . Under the-
ge conditions the angles of the produced pair are ’Qefg'

If 49;; el :-; , then the transverse velocity is
v ~ 'ga and the criterion (9) will be replaced by

"\91: '7ﬂ (.;'i . We conclude that the general criterion for

the use of the result for a conatant field is
Fr :
may (5, % ) < X2 (10)
m
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Equation (3) presents the "instant" probability of the pa-
ir production at the distance ¢ from the axis. Since the tran-
averse dimension of the photon wave packet are much larger than
the distsnces between the crystal axes (planes), it is necessa-
ry to average this probability over the transverse coordinates,
i.e. to carry out the integration P::li ES‘JE’V/;(S’} for the

axis (for the planar case this will befintegral

d: SdJM (3) ). The main coniribution %9 tha intez»el Ior

the potential (4) gives the region :!INrC“ ,80 ong can extnd
intezration to the infinity. Carring out the awsrazing of the
orobability (3) and keeping the leading term, we obtain the

probebility of the palr production in single cr retal per il
lenght e I 1’«7'2 _V LP(W )
€ " déle > s

i e

V — F o
LP(’K’m) = Bm ¥ 36‘_":) ae e
4 P2y ”(’xm)

We estimate accuracy of the formulae (11) at 22, <2 as 25%.

It is of evident interest to compare W, (11) with the standard
Bethe-Heitler mechanism of pair production in a screened poten-

timl. Taking into account the parameters of the potential (4),

g e
e “Zbusz 8" (12)

It is seen from eq. (12) that at a given 2¢,,, the value T is

maximum for low 7 and large &y . However, it follows from
eqs (6) and (7) that the parameter g@ (for fixed W ) is maxi-

mum just in the opposite case. We conclude that the effect mani-
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fest itself with the growth in photon energy first of all at
large Z and small «; o« If one introduces the "threshold"
Z(wy )=4, then for this
cage the threshold emergy is minimum. But a maximum enhance-

energy < =Wl , by definition

ment will be just in the opposite case of amall Z and large
U4; . The threshold energy has the minimum value for the
(IH) axis in tungaten. For this case, the requirements to
the incident angle (-\9,_-, << V%h}a.nd to the single crystal
quality (including mosaic structure)will be also weaker.

Let us consider now the gpectral distribution over the
energy of one of the produced particles & . When e «<4
one can expand]{\., in eq. (2). Then, averaging over the trans-
verge coordinates (as it was done in eq. (11)) we obtain, for
moderate photon emergy ( 96, < 1"_) , the following distri-
butiocn
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This distribution is symmetrical with respect to <+ = =
and has in this point sharp meximum (when 23€,_ < 1 this dis-

tribution tends to a (S' -function). The distribution (13)

differs subatantially from the Bethe-Heitler spectrum, which
varies very slowly with the energy.

The results obtained (eq. (11),(13)) have a very simple
form, so one can easily obtain a prediction for any single
cryatal. Hevertheless, we illustrate them in Pugures 1 asnd 2.
Fig; 1 presents the probability We (11) for the <111)axia
in tungsten for different temperatures T = 77° (curve 1) and
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T ma 293° (curve 2). In Fig. 2 the same is presented for dron
and diamond (T = 293°). The Table contains the parameters of the
potential (4) and the threshold energy <«J. for which thé proba=-
bility of this effect and Bethe-Heiiler mechanism become equal.
It ia seen that for tungsten aJ'é_w 15 GeV (4 ) and a_)é = 23 GeV
{2). The photon 10+30 GeV beams are available in several labora=-
tories, so an experimental investigation of the effect is quite
possible now,

The criterion, when the radiation mechanism at planar chan-
neling becomes quantum due to & recoil at radiatiion was earlier
diascussed in the author's paper[d.]. The results of our recent
paper[j] permit one to evaluate the values of particle energy
when the quantum effects become asignificant at the radiation by
elecirons moving near tﬁa crystal axes. These values are
£ 2. 15 GeV for W, £3. 80 GeV for Ge etc., in the general case

&£~ W, , A coincidence of «), and & 1is not an occasional one.
Indeed.w%;‘adiatinn becomes & quantum one, we go out the region
of exponential suppression of pair production.

The pair production by a high-~energy photon in a single
crystal was recently been discussed in Ref.[ﬁ]. The authors of
[5] did not use the previously obtained results and solved the
problem as a whole from the very beginning. The calculations we-
re carried out numerically (for the diamond ({0} exis)so the only
result is Pigs. 2 and 3 in /5] which displayed W) end
d-—tf"i (at ¢ = 51,1 GeV), regpectively. We have carried out a
calculation under the same conditions and compared our results
with those in/5/. It appears that We in /!'5] exceeds the ours by

9 times at«) = 50 GeV, by 6 times at <« = 80 GeV, and by

9




5 times at W, = 150 GeV. The spectral distribution (eq.
(13)) also appears to be narrower than that in éﬁq;. Let us ob- _ References
gerve that the calculations in£{§] was also made using the WKB
approximation. The effect under consideration has been discus-
ged very recéntlr in Refq{%], using the approach of Raf1{ﬂ7, but -
the authors of Hef.é%fhave made a mistake in evaluation of the
initial matrix element and, because of this, all the following
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results are wrong.
In thie paper we have considered the pair production by a

high-energy photon which is aligned along the crystal axes at
a single crystal at 9¢ < 1. The general analysis will be publi-

gshed elsewhere.




Tabla

Parameters of the potential (4) for axis {III)
and values of threshold emergies <J,

Figures cantionas

Us(A)
Crystal (T = 2939)  Vo(eV) ) QB(E) Ay W, (GeV) Fig. 1. The probability (per unit time) of alectron—pugitrﬁn
air production Wefw) in tungsten (axis {III)) as a
c d) 0.040 29 0.025 0.326 5:5 99 - . . e (w) { < )}
18 function of photon energy at temperature T = 77° (cur-
» L] 15’ y
Si{d} 0.075 54 0.150 0.30 150 ve 1) and T = 293° (curve 2) and at incident angle
GB{@] 0.085 91 0.130 0.30 16 111 . =Heitler probability for the screened potential.
Fig. 2. The same as in Fig. 1 at T = 293° and for iron and
w(293°)  0.050 417 0.115 0.215 40 23 g g 3
diamgnd.
w(TT®) 0.030 348 0. 027 0.228 35 15
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