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Abstract 
The shape and magnitude of coherent peaks are studied for the type-B coherent photoproduction of electron-positron 

pairs in a crystal, in the energy range of photons w = lo*-lo3 MeV. It is shown that under detection of pairs with restricted 
emission angles the coherent peaks (as a function of photon energy o) become more brilliant, with larger value of relation 
of peak height to background, and lower width. The influence of channeling effect on the position of coherent maxima is 
estimated. 

1. Introduction 2. Theory 

The type-A coherent creation of efe- pairs by the high 
energy photons in a crystals has been predicted [ 1,2] and 
experimentally observed for the total pair yield [ 31. The 
type-A coherent processes in a crystal take place when the 
angle between the photon momentum and the crystal axis is 
quite large. During the last years the interest in the coherent 
pair photoproduction in the crystals is connected with the 
coherent process of type-B, when the photon momentum is 
parallel to the crystal axis. In this case the coherent maxima 
arise at a sufficiently lower photon energies as compared 
with the type-A coherent photoproduction. 

The type-B coherent pair photoproduction in a crystal has 
been predicted in Refs. [4,5] and experimentally observed 
in Ref. [ 61 for the total yield of pairs (integrated over par- 
ticles energies and emission angles) in a crystal C( 100) for 
the photon energies from 100 MeV to 1 GeV, and in Ref. [ 71 
for the yield of symmetrical pairs in Ge( 111) and Si( 100) 
crystals for photon energies range loo-550 MeV. The ob- 
served enhancement of the yield due to coherence effect was 
about lo-20%, both for detection of all emitted pairs [6] 
and for detection of only symmetrical pairs [7]. The goal 
of this paper is to show how the detection of the created 
particles with definite kinematical characteristics increases 
sufficiently (in terms of orders of magnitude) the relation 
between the coherent peak and the incoherent background. 

* Corresponding author. On leave from Nuclear Physics Institute, P.O. Box 
25, 634050 Tomsk, Russian Federation. 

The cross-section of efe- pair creation in a crystal can 
be expressed as usual [l-5] by the sum of coherent daeoh 
and incoherent dfliincoh parts: 

da = dU,,h + duincoh. (1) 

For a type-B process (the photon momentum k is parallel 
to the crystal axis 02) in the separate string approximation 
(simple estimations show, that the separate string approxi- 
mation is valid when an angle between photon momentum 
and crystal string is smaller than L&,/L, where d,, is distance 
between the crystals neighboring strings and L is the thick- 
ness of a crystal) 

duccoh 
= dJ1+ da- de+ dO 

+ 
iz_ ds+ exp( -q*& Nqll) I2 

I N-1 12 xc exp(iqlnd) , 
n=tl 

duimoh 
dL$ dLL &+ 

= do+ iz_ &+N [I - exp( -q’U*)] 

(2) 

Here the units ti = c = 1 are used, dat/ da+ d&L ds+ is 
the pair photoproduction cross-section on a separate atom 
of a crystal, E+ ( E- ) and p+(p) are the positron (electron) 
energy and momenta, dfl+( dL?- ) is the elementary solid 
angle, exp( -q*ii’) is the Debye-Waller factor taking into 
account the thermal vibrations of the crystal atoms, 
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cl=k-pi-p- =q fq,, 

is the momentum transferred with q1 is perpendicular to k, 
and q,, is parallel to k, S( q,, ) is the structure factor of the 
crystal axis and N is the number of atoms in an axis, with 
d being the crystal lattice constant, and 

being the interference multiplyer. As it follows from 
Eqs. (2) - (3), the coherent contribution to the cross-section 
has the sharp maxima (coherent peaks) at 

qll =ti-$-pi =gn, n=1,2,3 ,..., (4) 

where w = k is the photon energy, p;f. is the projection of 
electron (positron) momentum on the crystal axis, g,, = gon 
(go = 2n-/d) is the reciprocal lattice vector. In the relativistic 
limit (w >> m) the emission angles of electron and positron 
are small: O* N m/o < 1, and the relation (4) takes the 
form: 

n=1,2,3 ,... . (5) 

As it follows from Eq. (5)) if dur/ dJ2+ dR_ da+ # 0, then 
for every fixed momenta of the electron p- and the positron 
pf one can find those values of w, O+, O_ (or for fixed 
p+O+ one can find the necessary w and p-O_, etc.) when 
the interference multiplyer equals N* and the cross-section 
has a sharp peak. 

Let us start with“the analysis of coherent type- B effect 
in a thin crystal. It is useful to know the formula for the 
differential over angles O+ and O- cross-section and inte- 
grated over an angle rp between the momenta of electron and 
positron in a plane perpendicular to the initial photon mo- 
mentum. After substitution of the differential cross-section 
of pair photoproduction from Ref. [ 121 into Eq. (2) one has 

N-l 2 

x exp(-_q2ii2) jS(ql)[* CexpIiqp4 : 

I n=o I 

duincoh 
5+ dS+5- dS- ddx 

= Nuo 8(5-,5+,PP) 

[QY5->5+,40). +i’@f]’ 
[l - exp( -q2ii2)] ; 

here A = ti/mc = l/m is the electron Compton wavelength, 
ro = e2/mc2 = e2/m is the classical electron radius, (Y = 

e2/fLc = e2 is the fine structure constant, x = E+/w, 5 = 
O&/w, y = &f/m. We took into account the atomic screen- 
ing in the form V(r) = (Ze/r) exp( -r/R) and introduced 
the notations: 

uo = s E+=- -z*nr; = ix( 1 - x) z*cU;, 
Tr riJ2 

1 R +5’- 
+2x(1-x) (1+5:)(1+8:) 

+ ( l-x -_..Z-_+- 
> 

&-&- cos Q 
l-x x (l+R)(l+r2_)’ 

m 
+zz ( )[ 2 1+&+1+& 2 - - 

X 1 l-x ’ 
Since the function 

F(‘) = [Q2U+,:, + W02]2’ 

has a very sharp maximum at p N T: 

y4> 1; YB (R/A) 

F(P) N (R/N4>> 1; YK (WA)> 

(Y~+(A/R)~)-~ >> 1; y" (R/A), 

(6) 

(7) 

(8) 

(9) 

(for photon energy of order of hundreds of MeV, F( ST) - 
lo’-lo’), and 

F(0) N F(27r) N 1, 5* N 1, 

and the remaining multiplyers in Eqs. (5) and (6) are slowly 
changing functions of p, we keep only F(p) under the in- 
tegral sign and take the remaining factors at p = 7~. After 
the integration we found: 

t+ d[+p$_ dx 

=c+o~!“(5-.5+,~)E(S-,5+,rr)~(5-,5+) 

(10) 
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where 

@(l-*6+;) = 
23-/a' 

(1 - b2/$)3/2 ; 

(13) 

b=b(&-,5+) =2!$+‘+5-9 (14) 

E(%--,5+,~) =ex~[-Q~(t--~5+.~)~~m~]. (15) 

The cross-section for e’e- pair photoproduction on N 
atoms in an amorphous target one can find by substitution 
ii2=cointoformulae(10)and(ll): 

dalv 
t+ G-t- dS-- dx 

= uoN~t5-,5+,a)~(5-,~+‘+). (16) 

The obtained Eqs. ( lo), ( 11) and ( 16) are used in numer- 
ical calculations below in Section 3. 

It is obvious that the measurement of any differential 
cross-section under the condition (5) can lead to an obser- 
vation of the sharp coherent peaks. In a real experiment, due 
to angular and energy resolutions of a detecting system, one 
can only approach the exact condition (5) and the sharp 
maxima will be “washed away”. Moreover, the large crystal 
thickness usually used in an experiments allows to substi- 
tute the interferential multiplyer Z( 411) given by Eq. (3) by 
the sum of S-functions 

Z(clll) = 
sin2( $Nqlld) ‘=03 

= goN c &q/l - gon). 
sin2(iq$) n=_-ca 

One of the simplest ways to measure the pair yield with 
given kinematical characteristics, could be the detection of 
pairs with the fixed value of x, emitted at angles less than 
the chosen 0, (some kind of the collimation, or momenta 
correlation). 

The pair yield with fixed energies of electron E- and 
positron E+, into the emission angle cone Oh 5 O,, with A 
the angle between the crystal axis and the axis of emission 
c&te, one can calculate by substitution of the differential 
$ross-section from Ref. [ 121 into Eq. (2) and integration 
over permitted emission angles. 

Taking into account Eq. (4) and 

p’f’ = (e$ - M2)1’2 N &* (1 - 1/2Yi) ) 

ye rewrite further S(qll - gon) in the form: 

a(qll -gon)=S $(&+I) +$& -1) -ngo 
[ + 1 _%a & { [ * -ml. -1) I> , 

where 5 = Y+/y- = E+/E_ =x/( 1 - x). Now the integra- 
tion over [+ is trivial due to S-functions and we immediately 
obtain: 

-90 CAY- )’ 

m 

c 
n=n, [Q2t5-&~~) + W02]2 

(17) 

Here, A is the angle between the crystal axis and the axis of 
solid angle over which the integration is performed; CA,,, rpo 
define the integration region. 

Thefunctionsa(5-,~~,so),Q2(5-,6,~) and(5-,&, 
p) in the Eq. (17) are obtained from Eqs. (6), (7) and 
( 15) by substitution e+ ------) &, where 

and 111, nz define the reciprocal lattice vectors which give 
rise to the cross-section for the given-photon energy and 
permitted region of the emission angles for electron and 
positron. For our kinematics, 

121’~ [y2+A2+1+l(1+&], 
477Yd 

n2=& fY:(4i-0,)2+1+5(1+~~)] 

The incoherent part (the same notations used) has the 
form: 

-90 (AY-)~ CAY+ )* 

The angle p in Eqs. (17)-(21) is the angle between 
electron and positron momenta in the plane perpendicular to 
the photon momentum. For small enough angles A and 0, 
(A > 0, when the axis of emission cone does not coincide 
with the crystal axis) : 

1~1 5 90 = arctan(tan O,,,/ sin A) N arctan( @,,,/A) 

- @,,/A. 

For those angles 9 the pair photoproduction cross-section 
is small [ 121 and therefore the most interesting case for an 
experiment is the case A = 0, i.e. the axis of emission cone of 
e+e- pair coincides with the crystal axis. In this geometry, 
the integration over 9 in Eqs. (17)?( 19) is performed from 
0 up to 2?r. 
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The procedure of integration over an angle 40 is similar to 
described above in Eqs. ( 8) -( 11) . After the integration we 
have: 

where the function @(&- , 6) is obtained from Eq. ( 12) 
by substitution &+ ---+ & from Eq. ( 18). The remaining 
integration is performed numerically. 

3. Numerical results: 

In order to have an idea about the coherent effect in a 
thin crystal, Fig. la shows the dependenceof the differential 
cross-section (the sum of coherent and incoherent parts) 

da dflccoh dGw_+ 
dO_ dO+ de+ = d@- dO+ de+ 

+ 
dO_ dO+ dE.+ 

on the emission angles of electron and positron (&+ = y+O+ , 
tJ_ = -y-O_), integrated over angle C,U between the mo- 

menta pf and p- in the plane perpendicular to the photon 
momentum, according to Eqs. ( 10) and ( 11) , for the case 
when the photon beam is parallel to the crystal axis consist- 

ing of N atoms (symmetrical pairs, x = E+/W = 0.5 and 
(1OO)Si crystal) in the vicinity of the coherent peak with 
n = 1 (w = 240 MeV). Because the cross-section is sym- 
metrical around O+ = O-, the region O+ 5 O- is shown. 
The cross-section is normalized to the maximum and shows 
the sharp maximum according to Eqs. (4) and (5). 

In order to stress the crystal effect we show in Fig. lb 
the maximum values of cross-section da/ d@- dO+ dc+ 
of e+e- pairs production from amorphous and crystal 
targets as a function of e+ emission angle l+ = y+O+. 
The procedure of plotting in Fig. lb is as follows: for 
given c+ energy we calculated da/d@- dO+ de+, and 
for every given value t+ we find the maximum value of 
cross-section du/ d@- dO+ de+ and plotted in Fig. lb this 
value versus LJ+. Under calculation, Eqs. (LO)-( 11) for 
da/d@_ dO+ dc+ in a crystal was used, and Eq. (16) for 
duN/ dO_ dO+ dE+ in an amorphous target was used. The 
curves are normalized to maximum yield from the crystal 

Si <loo> , x = 0.5 

10C 

- crystal target 
- -. amorphous targe 

0.0 0.1 0.2 0.3 0.4 

t+ 

Fig. 1. (a) The dependence of the differential cross-section of type-B 
pair photoproduction on &+ = ‘y+Q+ and [- = y-B_ (the sum of 
coherent and incoherent parts), in the vicinity of the coherent peak n = 1, 
o = 240 MeV. The target is a Si(100) crystal, and the other parameters 
are: N = 10’. T = 273 K, Y+ = y- = o/2m. The region 8+ 5 @_ is 
shown. The cross-section is normalized to the maximum. (b) The curves for 
maximum cross-section of e+e- pairs from amorphous (dashed line) and 
crystal target (solid line) as a function of e+ emission angle c+ = Y+@+. 
The other parameters are the same as in (a). The curves are normalized 
to the maximum cross-section io the crystal target. 

target. Simple analytical estimation shows that the value of 
deep minimum of the cross-sections in Figs. la and lb, is 
determined by the factor m2/w2 < 1 arising in the differen- 
tial cross-section (lo), (11) and (16) at y+O+ = y-O_. 
Fig. lb shows that due to coherence effect, the differential 
cross-section of pairs production in a thin crystal exceeds 
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Si <lOO>, x = 0.5 
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Photon Energy (MeV) 

Fig. 2. The yield (the sum of coherent and incoherent parts) of symmeuical 
e+e- pairs under photons interaction with (1OO)Si axis (T = 273 K, 
L = 0.35 pm), into emission angles cone @,,,l < lo-’ (dotted line) and 
0 mu < 10e3 (soiid line). The dashed line represent the cross-section in 
an amorphous target for the same thickness and into emission angle cone 
O& < 10-3. 

many times the same cross-section in an amorphous target 
in a definite narrow range of e+ emission angles. 

Let us consider further the photoproduction of equal- 
energy pairs (symmetrical pairs, E- = E+ = tiw/2; x = 
.z+/fi~ = 0.5) with closely the same directions of momenta 
and the geometry A = 0, in the thick crystal. For those pairs, 
instead of Eq. (5)) we can write: 

tiw-~(O:+&)=gn, n=1,2,3 ,..., (22) 

with pi = p- = p. 

Fig. 2 shows the results of the calculations according to 
Eqs. (20) and (21) of the yield of symmetrical pairs in 
dependence on the photon energy and in the vicinity of the 
first coherent peak (n = 1, (lOO)Si at the photon energy 
w = 240 MeV and crystal thickness L = 0.35 pm), for two 
values of maximum emission angle @,I = 10m2 and 0,,,2 = 
10e3. As it follows from Fig. 2, the coherent peak for 0,,,2 
becomes more brilliant, the maximum value of the peak is of 
the same order as for @,,,I and the width becomes sufficiently 
less. The total pair yield for @,,2 decreases in comparison 
with the case of @,,,I approximately by order of magnitude 
(mainly due to the suppression of the incoherent part of the 
cross-section), which one can compensate in an experiment 
by increase of the bremsstrahlung beam intensity entering 
the crystal. 

Si <lOOi, x = O..? 

I - 0.01 red 
0.001 rad 

s 
Ii 
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I 
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.L 1 t 
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I 
\____--- 

, 
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I 
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Fig. 3. The yield of asymmetrical efe- pairs (x = 0.7) in dependence 
on photon energy o from (1OO)Si axis for two emission angles cone 
c?,,,~ 5 10m2 (dashed line) and 0,~ 5 10m3 (solid line) (T = 273 K, 
L = 0.35 /.Lnl). 

Fig. 3 demonstrates the results of the calculation using 
Eqs. (20) and (21) of the yield of asymmetrical pairs (X = 
0.7) for the same kinematics as above in Fig. 2 for symmet- 
rical pairs. The main difference with symmetrical pairs is 
that the position of coherent peak is shifted, in accordance 
with Eq. (5), to the region of higher energy photons. The 
height and the width of coherent peak for the photoproduc- 
tion of asymmetrical pairs (for given kinematics, A = 0) are 
larger than for the symmetrical pairs. 

Therefore, one can investigate the coherent type-B photo- 
production of efe- pairs under conditions, when the coher- 
ent peak is more brilliant and the incoherent background is 
suppressed, in an experiment with restricted emission angles 
of e+e- in the final state (“narrow” pair). 

4. Coherent photoproduction of relativistic positronium 

The partial case of “narrow” pairs (5) production in 
a crystal is the coherent photoproduction of relativistic 
positronium atoms [ 8,9]. The photoproduction of a positro- 
nium atom in an amorphous target was first considered 
in [ lO,ll], where it was shown that the cross-section of 
positronium photoproduction is proportional to pair pho- 
toproduction cross-section with parallel momenta of an 
electron and positron. 



242 Yu.P. Kunashenko. Yu.L. Pivavarov/Nucl. Instr. and Meth. in Phys. Res. 3 114 (1996) 237-244 

Fig. 4. The relation of the differential cross-sections of photoproduction of 
positronium atom (bound e+e- pair) on the crystal axis consisting of N 
atoms (Si(lOO), N = 103, T = 273 K) to the same. cross-section on N 
atoms in an amorphous target. The energy spread of incident photon beam 
Am/o = lo-* is taken into account. 

For the coherent process of type-B in a crystal, the cross- 
section (in the separate string approximation) has the sharp 
peaks at the photon energies defined by [ 8,9] : 

w,=(4rn2+g;)/2g,, n=1,2,3 ,..., (23) 

which follows from Eqs. (4) and (5) assuming p+ = p-. 
Fig. 4 shows sharp and large peaks for the ratio 

R = dacoh(AB,) + duiincoh(A*e) 

N dar(Aze) 

of the differential cross-section of coherent photoproduction 
of positronium atom on a separate crystal string consisting 
of N atoms, to the differential cross-section on N atoms in 
an amorphous target, calculated according to [ 8,9], taking 
into account the energy spread of the initial photon beam 
Aw/w = lo-‘. The emission angle of positronium is taken 

@A& = h/2y&R, where y,& is the relativistic factor of a 
positronium atom (@Ati is an angle for which the cross- 
section da,,h (A%) is maximum for given photon energy). 
Further, the calculations show that the quantity 

WAA~) 

2.n *A> 

ss 

( du,,h ( Aze > i- dGcoh ( Aze ) ) sin 8 d0 dp 

0 0 = 
*a *AL 

9 

N JJ da1 ( Aze) sin 0 d6’ dp 

0 0 

(24) 

which characterizes the increase of the yield in comparison 
with an amorphous target, as a function of the angular size 
AA% of the detector, drops from R(AA&) = 34 at AA*~ = 
10e4 to R(AA&) = 17 at AA& = 1 x 10e3 and approaches 
R(AA&) = 13.7 at AA% + r (for the first resonance peak 
n = 1). The total cross-section of coherent positronium pho- 
toproduction is flcOh ( Ase) frin& (A&) N 8.7 mb (Si( loo), 
N = 103, T = 273 K) , for the photon energy w 2: 229 MeV 
near the first coherent peak. 

Comparing the enhancement due to the coherence effect 
under measurements of the total pair yield [ 6,7], one can 
see the impressive increase of the coherent peak brilliance 
(ratio of peak height to background) from ~10~’ in the 
case of “usual” pairs up to ~10 in the case of “narrow” 
pairs (Figs. 2 and 3) and up to ~10-10~ in the case of 
photoproduction of relativistic Ati. 

5. Channeling of created particles and position of 
coherent peak 

Similar to the distortion of the shape of the coherent max- 
ima in the type-B coherent bremsstrahlung of the relativistic 
electrons in a crystal, due to an influence of the interaction 
of electron with a continuous axial potential [ 141 one can 
expect the same effect for the cross-symmetrical process, 
which is the type-B coherent creation of e+e- pairs in a 
crystal (coherent pair creation in a channeled states). 

Let us estimate the typical photon energy region in the 
vicinity of the coherent peak, where the channeling of pair 
particles can manifest itself. Let the photon momentum k 
be parallel to the crystallographic axis. The energy and lon- 
gitudinal momentum conservations can be written as: 

k=Pi+Pn +g,, Ikl = 0, (26) 

where g,, is defined in Section 2 and ET, ET are so called 
transverse energies of the positron and the electron in a con- 
tinuous potential of a crystallographic axis. These energies 
and the corresponding wave functions are the eigenvalues 
and the eigen wave functions of the corresponding quantum 
equation describing channeling of the electron (positron) in 
a crystal (see, for the relativistic particles channeling e.g. 
the review [ 151). 
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Let us further introduce new definition for the symmetrical 

pairs: pi = pi; = p. Using this definition and substitutingp 

from Eq. (26) into Eq. (25) we obtain after simple algebra: 

w; = 
h*+g:+A: 1 

2& (1 - Al/&) ’ 
(27) 

where Al = .si + ET characterizes the channeling of the 
created particles of pair. The case Al = 0 corresponds to 
the coherent pair creation without taking into account the 
interaction of e+e- with the continuous axial potential and 
leads to the formula for the threshold for appearance of a 

coherent peak 

o;=w,=(4m2+g;)/2g,, n=l,2,3 ,..., 

which coincides with the positions of the coherent maxima 
exactly as in the standard (without channeling) theory [ l- 
51, see also Section 2. Of course, if we take into account 
the term p:/2m for above barrier motion, the position of a 
peak shifts towards a large w value. 

As it follows from Eq. (27), the interactions of e+e- 
with a continuous axial potential lead to the “spread” of the 
threshold for appearance of the coherent maximum. In order 
to estimate the “uncertainty” of position of the coherent 
peak it is enough to substitute Al = &Vo, where Vi is the 

characteristic value of the depth of axial potential well. In 
particular, in Section 3 we calculated the position of coherent 
peak (n = 1) for type-B pair photoproduction in (1OO)Si at 
(wi =240MeV).Forthiscasegi =2n-Id - 2.3MeV,& - 
140 eV, i.e. Al/g, N 0.08, which leads to the uncertainty of 
the peak position Awl N i 15 MeV near the one obtained 

using standard theory value wi = 240 MeV. 
Thus, for the coherent type-B pair photoproduction we 

can expect the change of the shape of the coherent peak in 
the region of about 30 MeV near ui = 240 MeV, due to 
the interaction of the pair particles with an axial continuous 
potential. Our Eq. (27) estimates only the photon energy 
region where the channeling of created particles can change 
the shape of coherent peaks. In order to describe the shape 
of the coherent peak quantitatively, one has to leave the 
standard theory of coherent pair creation Cl-51 and to carry 
out the calculation of a matrix elements using not plane 
waves but wave functions of particles which are solutions of 
the corresponding wave equations with a continuous axial 
potential. As one can suppose, the greater the Al value is, 
the less will be the matrix element since it depends strongly 
on the overlapping of electron and positron wave functions 
in a classically forbidden (for each of the particles) region, 
which strongly depends on a transverse energies of created 
particles. 

The effect of the “spread” of the position of coherent peak 
depends on the crystal temperature 2’ due to a dependence of 
VO on T. We found from Eq. (27) an additional temperature 
shift of the position of the coherent peak caused by the 
temperature decrease from Ti to T2: 

4(7-2) - W,*(Tl) 

[vo(fi) - vOVl)1,'2=~ 
= On [ 1 - k(Tl)/2ndl [I - vO(Td/2dl (28) 

For example, the typical amplitude of a change of Vo ( 2) for 
the case of (1OO)Si is: &(300 K) = 140 eV, vO(O K) - 
175 eV, i.e. the maximum additional uncertainty of the po- 
sition of coherent peak can be about -10 MeV and there- 
fore the total “uncertainty” at T = 0 K can reach the value 
-40 MeV near the photon energy about w = 240 MeV, de- 

fined using the standard coherent theory. 
The estimation of the channeling effect on the coherent 

creation of asymmetrical pairs can be done in a similar way 
as by obtaining of the formula (27) but the algebra is more 
complicated. 

Since the height of coherent maxima is proportional to 
the Debye-Waller factor exp( -q*ii*) (see Eq. (2) ) , which 
increases with the temperature decrease, there appear two 
effects: the first one is the increase of the height of the 
coherent peak and the second one is the increase of the width 
of this peak. 

Thus, the channeling of created particles can.change the 
brilliance of coherent peaks as compared with our numerical 
results, see Figs. 2 and 3. The experimental investigation of 
type-B coherent pair photoproduction in a channeled states 
(including temperature effect) could be very interesting, but 

requires more fine experimental resolution as used before 

[71. 

6. Conclusion 

In conclusion, we point out that: 
1. The simple estimation shows that the channeling of cre- 

ated pair particles can lead to the uncertainty of the position 
of coherent peak and probably to the splitting of coherent 
peak which is the combined effect of quantum electrody- 
namics analogous to the splitting of the peak in the coherent 
bremsstrahlung of type-B [ 141. Therefore, the special kine- 
matics described above (when the coherent peak is more 
brilliant and the incoherent background is suppressed) is 
favourable for the experimental investigations of the struc- 
ture of coherent peaks and for the search of combined ef- 
fects. An interesting observation is that the magnitude of the 
combined effect depends on the crystal temperature accord- 
ing to Eq. (28). 

2. The experimental studies of the influence of correla- 
tions between electron and positron momenta in the final 
states can be considered as the first stage of the sequential 
transition to an experiment which is the observation of the 
coherent photoproduction of positronium atoms in a crystal 
[ 8,9] and the search for the Sakharov effect [ 131. 

3. The increase of the relative height of the coherent peak 
and the suppression of the incoherent background under the 
special kinematics for type-B photoproduction can be con- 
sidered as a possible method to prepare a positron (elec- 
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tron) beam with a small angular and energy spread and par- 
ticles energies lo’-lo3 MeV. The advantages of the crystal 
target in comparison with an amorphous target are: i) the 
photoproduction cross-section in a crystal has narrow max- 
ima at definite photon energies and positron emission an- 
gles; ii) the yield of positrons from the crystal target at some 
given values of 0, and E+ is greater in terms of orders of 
magnitude in comparison to the yield from amorphous tar- 
get, see Figs. 2 and 3. The necessary position of coherent 
peak (which defines the positron energy) can be chosen by 
changing the type of a crystal or (and) type of the crystal 
axis or by changing the x value. The production of intense 
positron beams using the channeling radiation from the crys- 
tal target plus a conversion of this radiation into pairs in an 
amorphous target has been discussed recently in [ 16,171, 
but this methods is valid for production of positrons with 
rather wide energy spectrum ranging from 10 to 50 MeV. 

4. The possibility discussed above of the increase of bril- 
liance of coherent peaks can be applied not only for the 
type-B photoproduction of e’e- pairs but for an arbitrary di- 
rection of the photon momentum with respect to the crystal 
axis (the type-A process). In this case all three components 
of momentum transferred to the crystal are quantized and 
our relation (4) is replaced by three equations which con- 
nect the incident photon energy with energies and momenta 
of the created electron and positron. In this case the typi- 
cal photon energies at which the coherent peaks appear are 
much greater than for the type-B process considered here. 
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