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4 theory is developed of electron-photon showers occurring
in the fields of the mxes of aligned single crystals. At very
high energies and high energy thresholds of the particles involv-
ed in a cascede the processes in the field of the axes should be
taken into mccount alone (hard cascade), The analytical solutiorn
has been derived of the cascade-theory equetions for this cese.
when lowering the energy threshold the Bethe-Heitler processes
on separate nuclei should be . teken into mccount as well (mixed
and soft cascades)., These casacades are mnalysed using computer
simulation. The results are presented concerning the recent expe-

riments on radiation and pair creation in aligned single crystisals,

1. Intr»oduction

in /1/ the authors have pointed out the existence of par-
ticular electron-photon showers in aliened single crystesla. At
smell engles of incidence ,%ha of the initial photon or elert-
ron, ,Q-ﬂ < -%‘/m Fa | "v‘: ia the scale of the axis or plane
potential), a shower takes place in the fields of separate axes
(planes). Of significance is that at energies considerablv ex-
ceeding the creation threshold of an electron-positron pair the
shower can generate on the lengths (depending upon the substan-
ce and orientation) one or two orders of megnitude shorter than
the shower in an appropriate amorphous substance, which is due
to the standard interaction mechanism with individual nucleil
(Rethe-Heitler mechanism). Note that this particular mechanism
in question is the most effective mechanism of electromagnetic
energy losses. At present, the theory is developed of pair cre-
ation /2/ and radiation /3/ which is velid at any angles of in-
cidence and offers the possibility of tracing the dynamiecs of
showers in alirned single crystals at any /9; . However, the
maximum effects take place at small th; and in the fields of
the axes so that we will deal with this case.

The theory of cascade showers in an amorphous substance
has been formulated end developed in /4-6/. Tn these papers
the kinetic eguations have been derived which describe the
evolution of a cascrde and the analytical solution for these
equations has been found in the caese when allowance is made
for the radiation and peir ereation processes only /6/. Hote
that the probabilities of the latter have been found by Bethe
and Heitler (see, e.g.. /7/). Subseguently, & great deal of

the papers developing this theory has been published (for the-




ir review see, e.g., /8/).

Let us discuss the distinctive features of the shower in
eligned single crvstals. 1) As has already been mentioned, the
characteristic lengths of radiation and pair creation here can
be far less than in an appropriste smorphous substance (in =
non-aligned crystal) . 2) There is a sharp boundery (threshold)w),
with respect to photon energies below which the probability of
the pair pheotoproduction in the axis field falls off exponenti-
elly. We choose it in such a way that the photoproduction pro-
bability in the field isW, (@)=, tne values of Q, are mi-
ven in /2/). At the same time, if the energy of the particle is
E~wy it emits intensively on account of the mechaniam under
discussion. 3) Within the « >, region. both the pair creati-
on probability Vué':[m) and the characteristic leneth of the
enerzy losses 4, (£) = (E/I'(EJ II(E.J is the radiation intensi-
ty) are energy-dependent. while for the Bethe-Heitler process
the corresponding auantities Mgﬁand Lrﬂ 4 &are constant,

4) At £ £ G:Jf- the total radiation probability is roughly one
order of magnitude higher than the inverse characteristic
length of the energy losses caused by the radiation dc;f (‘E}
(note that this probability cen be found using the magnetic-
-bremssirahlung limit). This means that a great amount of rela-
tively soft quanta is emitted that exert no influence on the
energy losses of a particle emitting them. Nevertheless, these
photons can produce the pairs due to the Bethe-Heitler mecha-
nism (i.e. with relatively low probability). As a result, the
particular shower evolves due 1o a mixed mechanism at which a
large number of photons can produce a noticeable number of pa-
irs, despife a low probability of the photoproduction process.

It is then natursl that the number of photons in the shower will
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be considerably greater than that of charged particles. In what
follows we will distinguish the hard showers when the particle
energy is & >>u?t end soft ones when £ X & .

The indicated peculiarities of the evelution of the shower
in an sligned crystel maeke it far different from the standard
cascade shower in an amorphous suba‘tﬂ.!:.tce /4-6/. In this case,
it is impossible to use both the results derived for this case
and the method of solving a kinetic equation /6/. The present
paper is devoted to an analysis of the evolution of a shower in
aligned single crystals. Our analysis involves an analytical
solution for a hard cascade and the numerical results based on
the lionte Carlo simulation of the process. Such calculations
have been made for the hard and soft showers using the charac-
teristics of the radiation and pair creation which have been

derived in Refs. /1-3,9/.

2. Kinetic equations

An evolving electron-photon shower when passing through
a matter is characterized by the number of photonsfif;(w,f)and
of charged particles j"V;(E; ¢) with energies ¢« and & ;
at a given deptht.ﬂ.‘he functions -3\”; and _[\/; satisfy the fol-
lowing kinetic equations /6/: P
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whereW(aj g) is the differentisl probability of the electron-

-positron pair creation by a photon with energy <. when the
energy of one of the pair particle is & (while that of the

!
other is £ = a}-z-;)’ww} is the total pair creation probabili-




LY, Tﬂvg-ﬂfjay ias the differentisl emission probability of a
photon mlth energy <« by & charpged particle with energy &£ ,
W {E SW {E;u:i)drﬂ} is the total radiation prababilit;r*}.
It is canvenlent to introduce new functions \)(E'f/ and

s (5 & 7-’“) defined as follows:
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It is seen from the definitions (2) and (3), that the distribu-

(3)

tion funection iﬁﬂ;(&?éﬂf?%s only connected with the radiation
kinetics, while 1?(E,f) characterizes the source of electron-
—positron pair. HNote that it follows from (2) that
% N (et uwa Tl ]
With (2) and (3) auhatltutﬂd into (1) we find
ON (W, E]
‘—;_‘é‘—* = - me)lv-(m:"/-a- jd’sjgf- VG ¢ =) M(‘%ﬂ_tf)‘*:
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where

S (5)
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Substituting the second of equations (4) into the first,
we have the final equation for Jﬂﬁ:ﬁQtz

*

) In egs. (1) the electrons and positrons are assumed to ra-
diate in the same manner. This kholds in the case of uniform
distribution with respect to the fransverse coordinates (see

Ref. /3/)).
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Zguation (6) is exact. Ve will solve it making certain
gimplifications. An important step consistis in the following
replacement:

.E&/; (Ehfi%qr) =1p&§?61353),€0J 5

oA&E (] (7)
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where'IfcaJ is the radiation intensity of a particle with

energy & . In this case we neglect the energy dispersion of

the electrons upon radistion. Strictly spesking, this is prohi-

‘bitive in the calculation of the energy distribution of elect-

rons itself in the course of the radiation. ihen calculating
the energy 1035&5 the replacement (7) however is quite justi-
fiea™) /9/. Bquations (6) and (7) ere far simpler than the ini-
tial (1) end this makes possible further progress in their so-
lution for the case when the radiation and peir creation proba-
bilities are considersbly different from the Bethe-Heitler ones.
The next step is to simplify the expressions for the dif-
ferential radiation end pair crestion probabilities. Ve define

them using the equalities

W-(mr'ij o w-(/fdj c -
. 9(6 w) -
W (§Q) = £, (€)

here ﬁbaﬂy:‘gwéE . The cheracteristic radiation length 4., (&)

+)

results in an error in a few per cent (ef., for example, /. /).

For the stondard Fethe-Heitler shower this replacement



ené the pair creetion probability 1@rﬁ@ are presented in Refs.
/1=3,9/. Below we will restrict ourselves to the situation when
the constant-field limit is appliceble for these quentities.
This limit is irue (see Refs. /2,3/) under the condition thet
the angle of particle motion 13/95; —“;_E , with respect to the
axis. At &£ >, it suffices if the angle of incidence ,-9& of
the initial particle satisfies this condition since the charac-
teristic angles of radiation and pair creation are /9,..“?(‘:/:—2
for this case. The snslysis made for the Bethe-Heitler cascade
shows that the replacement (8) also has little influence on the
characteristics of the shower (the error constitutes a few per
cent). As & result, the substitutions (7) and (8) give rise for
the Bethe-Heitler cascade to a 10% discrepaﬁce with Landeu-Rumer's
solution /6/. In case of a hard shower in single crystals when
w, & B L, , the probabilities W;(@__a#andwzq,(i}are similar, in
form, to the RBethe-Heitler ones /2,3/ and, hence, the substitu-
tior (8) is mdmissible, 'with the indicated accuracy.

Let us introduce the following variables and functionse:

0=6.2°, §=8 2, )= L (wee” ",
: Lo 4
63(8) :W(wae-'a)jﬂr@f/=éﬂ@f/; n(pt)-e W@;f)_,

where &, is the energy of the initial particle, for example, 1

of a photon. With (7)-(9) substituted into (6), we get

+ v  — !
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cn (9,¢-t) Blr-5&)), (10)

o) ¢
where N = rS".‘{Z « 0f interest is the region f >>L/¢g, (&)wherein

ti-e ecnscade hos time to evolve to a considerable extent. Here
the chaorancteristic values of the quantities are :_9.,27:*} T - Xh ke

the rerion we will consider below. In the energy renge where

&

the hard cascade occurs the functions -ﬁfﬁ‘) and E@j are very
smooth /2,3/. Therefore, the assumption can be mede that inhe
derivatives a?#} and f’@} may be ignored.

Let us now transform equation (10) acting on it by the

P4
tion to the right-hand side comes from ?-‘3“) ?-Lcj’l-u 4 » with

> 2 Aok . .
operator ﬂfﬂ@}gg and beering in mind that the main contribu-

the above assumptions taken into account, we derive the finzl
form of the kinetic equation:
N, + afr,zj (”’2* +{?ﬁe)r12) —+ Sg(g)ﬂf =

f
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3. Solution of the kinetic egquation

As is well known, the number of particles in a cascade
grows exponentially as it evolves in a substance. In view of
this, the solution of eq. (11) will be seeked in the form
n{-z,-{')ﬂﬂ(?,f‘) E?‘P[:E({)J. Introducing the nntationa%ffﬂ = M
and E—j—:_:— £? = }\ , neglecting the derivatives of A end the

second ones of :F {these terms are ~v 1"{13), expanding the expo- |
nent inn (y-y,¢) with respect to y end, finally, teking the
corresponding integral in (11), we obtain for &« and A the

following equation
A(A+1) (i E)(pe+al) = 2a€ (12)

The solution of this partial differentiel equation of the

first-order is of the form

fot) = Flimpitl= st = $A0295),661) dy
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covregponding expression for mw {E*é) is convenient to repre-

vihers s :f+%”f/ is found fron

gseni a3 o contour integral which is to evaluate using the sad-

dle-point Nethod+

T LD
bt e el 5 e C\(,M)A Gy, éfg)) Ex’f::[;‘-!{ ik
C =D (13}

< A G eqn dy]
according to what has been said above, the derivatives of Q(p)
end #p) will be neglected when substituting (13) into eq. (11).
To solve eg. (11) it is necessary now to find an explicit form
of the function C in (13) in accord with the initial condi-
tions. To do this, it suffices to solve the problem with cons-
tant & and b. In this case, eq. (11) is solved using the Lapla-
ce transform with respect to the variable 2 « In the case
when the initial particle is & photon, the exponentially ine-

reesing at large t part of the solution is as follows:

{_‘_-f"'f..-pﬂ

fﬁ+ A
Gk E’J;j Epi+ Ao+ € e ¢

ot

e thetngzvgr{4} is one of the roots of eg. (12), namely:

f

HO) == @q_,, (4a-€)%, 2af b
2 4 ACA+1)

From the comparison of (13) and (14) we find that

o Ao AR} P
(,u,). aly) E/()) R J/\ﬁ:;;/_( (16)

it lexgpe ¢ G f'éd: the integral (13) is teken using

-the seddle-point method. iz a result, we have for the number
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The firet of the equelities (18) defines /¢ &5 a funclion of

€ anan( pe=p(P5t)). Using (4) end (3) end teking (7) into ac-

where

(18)

count (A»;-(g';- e, T}=d(£f2i';"-'v£)) we have, with the same accu-

racy, the expression for the number of charpged particles:

i
Jﬁi;(é% ) 6A*F)ﬁh /3QJ

If the initiel particle is sn electron (positron) with energy

('??f} /‘”éy“ N (9. %) )

&, , the number of the photons with an energy <o {2: tn E—" J

is found from the expression

N;Ek?ﬁ}: At . exp[1E07 j’} @; 4 %) }/J
Vo5 A(2u+Aat€)

Of course the relation (19) holds in thie case.

(20)

Of great interest is the total number of the psriicles
' o £
11 (?f; T-L) with energy ¢, & 2 sy ;?‘? = 3* = . Tt f£ing
ﬂ(?h_{.) the function .t’V‘(?, 'L[/S]‘Lﬂruld be 1I'1‘|:E""'-""‘t€.t~ over o'
with the weight e E’(’ A= Eq Of:? e E) With the cccepted co-

curacy, the calculation can be made, by eyxpending ine incco- :n

-{17) near the point f’:{? end by proceeding to the intesreoii-

on variable '~} . Teking the first of the ecuslities (i7) in-

to mccount, we obtain

L
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Faring ellowance for (18) it is easy to see that & maximum
number of the perticles, at fixed '2 , is achieved at €= é’GP
defined from the condition & (%,4/= 0. Prom Eq. (12) (the
branch (15)) we get A =1 at /e = 0. for any =2 and b. Cal-
culating /}“ and A/“"f‘- at the point A =1 end AL = 0 we find

{?n*é?/
Ao (uo0)=- 8000 ), (=2 (555

es (22)

For t"’i"‘ we then obtein from (18)

£ =5 _Sof ( L o 2 (23)
i e :
o

At £ close to top’ the main contribution to the integral
over ¢« comes from the vicinity of the point 4« = 0. Expanding
the exponent argument in (13) with due regard for the relation
(22) and teking the integrels, we derive the explicit eypressi-
ons for the distribution functinnﬂﬂa. (Q?J‘f)and j%r{/i?)‘cz/ which

are of the form gaussian distribution in time (depth):

=
Nifoile 287 &
(7 gl/c’?fofg(?) ad{; jN( f/#a@ a(??{)

(24)
e Zaa“ ; ff:’f) ﬁ{ﬂt?”c;f/ €%
For elertron~photon showers in e&n amorphous substance ::g:g’

('qu u.-} we have

5192 22

WSS 2
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e
‘éeﬁ = 3;_;?- leér*ncf —
This is in good agreement (the difference is =2£10%) with the
standard shower theory. Note that our computer simulation of
the hard cascade is well consistent with the results of ihe

preceding esnalytical calculation.
4. Results

Besides the hard cescade (when the particle end photfon
energy is E, WD M?E) whose evolution is enalytically analysed
in the foregoing section, a situation is possible when the lower
energy boundary is &£y(«y) <K« . In this case, at a photon
energy o JWw

*

basically works, while the particle radiation in the field of an
: B
allgneﬂ single crystal still remains rather intense {g":W, :

=
a ))[,

the Bethe=Heitler mechanism of pair creation

ﬁqd)'
It is obvious that the ma;or part Df photons is emitted on

Cdy _ -ay
the characteristic length &€~ SagJ jé‘d; (s, dy & Zf
aend there is a wide enough interval where:Ln the number of phn—
tons remains practically constant (smoothly reduclng on account

of the absorption) up to the length g i "V(W / when a notice-

|
able photon asbsorption starts due to a transformation into the |
ete” pairs. In the situstion under enalysis, two essentially :
different ceses can take place, In the first case, the initial |
energy is €, (é‘c,),)> L’O{ and the mixed cascade develops, while
in the second one &J, {'gn)ﬁ,gﬂt and the sofl cascade develops.

We would like to start with the results of the computer

simulation concerning the mixed cascade, The simulation has be-

13




en perforred for a silicorn cry=stel oriented slons the <ﬁTU:>
exis and at ‘| = 293 E, #ig. 1 shows the number of the charged
purticles and photons ggainst the depth 6? at which the shower
evolves in the crystal, for various energies of the initial
photon. The lower boundary of the photon energy in the cascade
iz taken to becdy = 100 leV and it corresponds roughly to the
effective threshold of electron-positron pair creation in a
gubstance., It is seen from Fig. 1 that the number of the pho-
tons reaches the platesu, in agreement with the said above., The
lower boundary for the charged-particle energy is taken equal
to & = 10 GeV. On the one hand, this choice ensures the appli-

4
cability of the employed magnetic bremsstrahlung approximation,

and, on the other hand, at & < 10 GeV the photons are basically
emitted whose enerpy is ﬁj<fu._1DO I'eV. The presented resulis
gliow one to optimize the crystal thickness in the crystal-ba-
sed, ultrahigh-energy electron and phoion detector suggested
by the authors an].

Fig. 2 illusirates the number Jﬂf’ of the photons with
& > 100 keV and the total number of the charged par ticles_/bg
ve. the enersgy <, 'of the initial photon incident on & Si cry-
stel of thickness ﬁ: = Y ¢ nt o pnell angle J?*i’ﬂk; to the
(110 ) axis. It is interesting thet the raiio of the number of
phoiens./m/; to that of chorged perticles 1ﬁ¢£ does not prac-
ticelly depend on the initial energy and is-kaﬁirau11. The
curves in tig, 2 permit one to find with good aé&diacy /10/
the energy of superhsrd photons, upon detection. As the photon
enerzy grovs, it turns out to be sufficient for this purpose,
to detcect the charged particles omly, without additional devi-
coer Tor the photon-inte -e”¢'pairs conversion.

Fip. 3 demonstrotes the cnergy distributions of the pho-
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tonz for various energies of the initicl photon.

In the case when the initial particle (phoion) enerry is
ol the order of the threshold energy udf s the soift cazscade
developa wherein, as slready mentioned, emiszion of e greet
number of photons lead to the creation of L DOt’CE able number
of the e'e” pairs despite the quantity -’i:‘vé is small. In this
case, f.c-r f.f Z'ofq XK Lr-.:m’ the method of successive approxi-
mations is suited for an analytical calculation inesmuch =23 the
relative amount of the secondary perticleg is smell. For examp=
le, within the framework of the accepted approach we find the

number of the photons at a depth é? for the initial electron

* €
N;f le) = SW; (&t = [§7% @) E

&€

S Wﬂ(;:) 0,3 ~ W, E = &is S

The latter equality in formula (26) is satisfied with good ac-

curacy due to a weak dependence of the total radistion probabi-
litym on & in the energy rang: under considerstion. In
this range a magnetic bremsstrahlung descriptidﬁ iz wvelid, and
the quantum effects for the total probability are still relati-
vely small. Correspondingly, for the number of secondary cher-

ged particles we oht in

N ) =2 S W, A et - zwf‘jw W)t
~ WE-BHW{Q.?: _W; N{é'l/f/g (27)

One can in prineciple to czlculate the terms of the next appro-
rimetions o3 well. 4t 6 ﬁéuﬁ, these terms are however small,
vnereaz at {?BJ;éLﬁ the cecondery particles are produced main-

1y with an energy lover thon the threchold Ej; g

w



secently the experiments h ve been made on electron radis-
tion and pair creaiion by photonzs in a single crystel at & high
enough perticle energy /11,12/ when the particular shower mey
menifest itself. Ir the experiment /11,12/ Ge single crystals
of thickness /. = O«4 and 1.4 mm, cooled down to 100 K were
used. The initial electrons with &£, = 150 GeV and the photons
with «O, < 155 GeV have been incident on the gingle crystal in
the direction around the ¢110) axis. Bearing in mind that for
these conditions ), = 50 GeV [13,2] this experimental situati-
on can be referred to the case of soft cascade.

We would like to discuss first the case when the initial
particle is an electron. The first estimate of the mean energy
losses cgused by the radiation has been obtained*) in Ref. /13/.
The radiation characteristics with regard for the energy losses
has been anelysed in detail in Ref. /9/. However, no allowance
has been mede in that paper for the creation of secondary par-

ticles whose number can be estimated according to formulae (26)-

posiei: &
-(27). For L = 1.4 mm, one haﬂ**) Mz 120 cm*1, :
= e
= 0.28 em™ . From (26) and (27) we then have
N c)
y U= 16.8 v Ve )= Bid (263

Taking into account consideration that for L, = 0.4 mm ?U}_ =
2

1

= 111 em ', we find the number of photons and secondary elect-

*

) The published later experimental data (Ref. /11/) have
shown that this estimale agrees quite satisfactorily with the
experiment.

**) BH. P
The value of PVE is teken with regard for thermal vibra-~

tiona, just as in Ref. /13/.

ks

rons for this thiclkness:

ISR AR (29)
We heve made a numerical calculation of the cascade for the ex-
perimental ﬁonditiﬂns indicated in Refs. /11,12/. FPor the num-
ber of the photons whose energy is higher than tqf = 100 HeV we
have obtained /V (2.4)=13.9 end J\go.a,} ~ 3,9, while for the
total number of photons the results are: JKM§I1.4) = 17.3 end
Ny (0.4) = 4.4; the results obtained are well consistent with
the estimates (28) and (29). The agreement is also good for
the number of secondary particles.

Fig. 4 illustrates the averaged over crystal thickness
spectral radiation intensity obtained from the computer simula-
tion; it being in good agreement with the results of Ref. /9/.
Thus, the use of_M(Ef'é: ’i:") as g(cﬁh“)-&) is now juétified.
As has already been mentioned in Ref. /9/, due to the fact that
the perticle emits several photons and the detector has regis-
tered their total energy in the experiment of Ref. /11/, the
distribution has really been measured with respect to the ener-
gy losses of the incident electrons rather than the spectral
diztribution of radiation. Fig. 5 precents the computational
results on energy distribution of charged parficles for
&> 5 (GeV. Note that despite a considerable number of the se-
condary particles (see eg. (28)), most of them have the energy

& < 5 GeV and, hence, they have no influence in practice on
the spectrum for £ > 5 GeV. In view of this, the results in
Fig. 5 can be directly compared with the distribution in Fig. 2
in Ref. /11/ (with a substitution xc - 1-2¢). It is seen that
the results of our celculation are well consistent with the

experiment /11/. VWith the found distributions we obtain for the

149




averese energy of electrons with £ > 5 GeVy at the exit from

the crystal &

0.26cat L w14 mm, snd, correspondingly,

é? = 0.66&, at / = 0.4 rm. These velues are nearly the same
as those in Ref. /9/ and the experimental results (Hefs.[ﬁ1,12 )

We have analysed also the case when the photon with energy

2. 1is incident on the crystel and the electron-positron pa-
ir creation has been studied under the conditions of the expe-
pient /12/. Curves 1 and 2 show the spectral distribution of
the electrons (positrons) produced by a photon with &, =
= 150 GeV and w, = 100 GeV, with their further redistion neg=-
lected. The calculation of this distribution within the frame-
work of the cascade theory for the same initiasl photons (curves
3,4 in Fig. 6) demonstrate a dramatic difference of the spectra
of the produced perticles in a crystel of thickness 4 = 1.4 mn
in comparison with the.spectrum which would be observed in a
very thin crystal (curves 1,2). If one considers the radiation
of the photons with <2 > 100 MeV, at ), = 150 GeV we then
have j\};ﬁ 4.8, while for @, = 100 GeV we have.t"\'g. o 3.4,
The total number of the photons is 6 end 4.4 respectively. Thus,
from the analysis it follows that already under the experimen-
tal conditions Refs. /11,12/) the cascade processes should be
taken into account.

Ve would like to express our gratitude to V.A.Taurski

for the help with numerical calculations.

*)  Emphasize that according to the recent deta /14/ the total

ete” - pair creation probeability is in e good agreement

with theory; the ﬂumﬂVG;Iwgﬁhq}+7VvEEH was used asz theoretical
prediction. For the experimental conditions ["Lg the value of
iﬂéjiwis given in Pig. 1 in Ref. /13/.
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Pig.

Fige

Fig.

Fig.

4.

P -

'ne nuwaber of charged particles with £ > 10 GeV in
the Si crystal (the <110)> exis, T = 293 K) in the
case when the photon with W, = 0.4 TeV is incident on
the crystal (curve 1), e = 1 TeV (curve 2) and w, =
= 4 TeV (curve 3). For the same conditions, curves 3.5
and & show the number of the photons with <« >100 LieV.
The total number JAV; of charged particles and photons
with <o > 100 LeV {_(\G,) et a depth of 1 e¢m in the Si
eligned single crystal (the < 110% axis, T = 293 K)
depending on the initial-photon energy S,
The energy distribution of photons at a 1 em depth in
the 51 aligned single crystel (the ¢3110) exis, T =
= 293 K) for the initial-photon energy w2, = 0.4 TeV
(curve 1), w, = 1 TeV (curve 2) and w,= 4 TeV (cur-
ve 3). -

odl £V, (W)
The average intensity:; =, 7.5 '« where / is the
crystal thickness,.jy;(ﬁv is the number of the photons
with energy e« leaving the Ge crystal (the <:11G}

exia, T = 100 K). Curve 1 is for the initiasl electron

with &, 150 GeV (L = 0.4 mm) and curve 2 is for

L = 1.4 mm, Curve 3 is for the initial photon with
Wo= 150 GeV and & = 1.4 mm and curve 4 is for pho-
ton with @, = 100 GeV and 1 = 1.4 mm.

The energy distribution of the charged particles lea-
ving the Ge crystal for the initial electron with &, =
=.150 GeV (the 4{?1D;> axig, T = 100 K); the thiclmess

is L = 0.4 mn (curve 1) and L = 1.4 mz (curve 2).

The enerpgy disiribution of electrons at the exit of

20.

~4

- : a & e | 1

he Ge .E-il‘l:l'f_' r;'f:;:-‘,i.ﬂl {‘l‘.flf‘ <'='|1..-> = R 100 -E'l

L = 1.4 mm) if the initiel photon has the energy
= ) I

&

.. = 150 GeV (curve 3) end &, = 100 GeV (curve 4).
“or comnarison, the same distribution is given 1n &
direct e'e  peir creation process for &= 150 GeV

(curve 1) and &, = 100 GeV (curve 2).
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