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Tne absorption coefficients of linearly polarized photens passipe
through a crystal in parallel tec its crystallographic planes are calculated.
The metnoas of cetermination of the obtainable denree of nolarization as

well as of the intensity losses for the cases when non-polarired photen

.cams pass through various crystals in parallel to the nlanes ’i10) are des-
cricey, The energy dependence of the thickness of the auarter-wave rlate

.~vstals transformina the linear polarization of the beam into circular cne
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It has been shown by N.Cabibbo ot al. [1-3] that when a linearly polar-
ized high energy phcton beam passes throuch a crystal under small anales to
the crystaltographic pilanes or axes, the cross section o€ the coherent
ot e -pair production deperds on the direction of linear polarization,
and the crystal possesses the properties of birefringence (see aiso [4] ).
By analogy with optics the autinars of [1-3] have suggested tc use tha crys-
tal targets as "nuclear-optical devices” for production and analysis of polar-
izes nhoton neams with energies o% 2 few tens GeV, V.Barvshevskii has
pointed out [5,6} that one may obtain siwmilar resuits at smaller ano-cs
(channeting angles) Tor phetoans of higher snergies, which was confirmed be
the calculations of the works [’18?r,

In connection with the possibilities to observe experimeniaily the the-

in

oretically investigated process of 2% & .patr production by rhotons
external intense fields (9—11] , to be more exact, in the fields of crystailc-
graphic planes and axes [12—18] , in this work more transparent calculations
of the effects considered in [5-8] are carried out, The obtained more com-
plete numerical results for various single crystals are of interest for the

preparation of experiments for production of polarized photon beams with

energies of a few hundreds GeV.
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According to the theory (see, e.qg. [10]) for photons, passing perren-

dicularly to the external homogeneous fleld E  with direction of polar-

—

fzation parallel (1l ) or perpendicular ( L ) to E , the absorntion

coefficients due to the €% e--pair production are given by the expressions:

w4 [3 AL mEx ~-8X
W=gy2 o exp<3 )’

\X/.L = ZW”-

(1

Here, h=c=1, o =e =1/137, M and € are the mass and
electric charge of electrons, @ 1is the primarv photon energy. The ex-

pressions (1) are valld for the values of the parameter X=Eco/Eom « 1

where Eo=m"/'e = 1.32 1018 v/em.
Using the paraboilic dependence of the crystalloaraphic oliane potential,
L . upon the distance, g’ , from the plane
2 {23
b’ ..' Ky R

L) = U [ 1 @
where df’ is the distance between the neighbourinc crystailosravhic
planes, and carrying out tj—averagmg of {1}, one obtains the absorntion
coefficients \X/p“E and W;'e for the photon beams passinc under
angles & = 0 to the crvstallographic planes {The 2xi37 case i5 not of
interest for the beiow considered effects, though the absorntion coeffi-

cients will be greater due to the presence of stronuoer fiaids . ):
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and EL(Z) 1s the integral exponent, Let us note that in the case of
\X/;le ( W;’e ) the photon polarization vector is perpendicular
(parallel) to the crystallographic planes.

The values of U,y , df’ . A and B for the (110) planes of
various crystals are given in the Table. The dependence of ‘»X/;{;' unon o
calculated according to (3) is shown in Fig.1 by solid curves. As it is

1

seen, with the increase of the photon energy, W , consequently also

Pe
the absorption coefficients for non-polarized photons, WPE =
- 1] 'y a = ft /
-(Wpe + W )/c_ 3Wee /2 arow in the beginning very

sharply; then at (@ =~ 200 + 800 GeV they become of the order of the cor-

responding absorption coefficients \X/BH . calculated by the Bethe-

<N

Heitler formulae of pafr production W, = m%z%(%ﬁeﬂ 183 Z-Vg“ 57
and shown ir Fig.! by short lines; and finally, W’;é—*fl when @ —oo
In the Table we give the values of photon energies w: and @z at which
\X/PE = Way and  Wipe = 3 W, . respectively.

Let us consider the processss which taks place when a non-polarized
high energy photon beam passes in parallel to the crystalloaraphic planes.
At relatively small energies the photons will be absorbed due to the well
known Bethe-Heitler pair production mechanism which is independent of photon
polarization. With increasing photon energy (see Fig.1). when the above-
discussed mechanism of pair creation becomes essential and then dominant,
the non-polarized beam with initial intensity at the entrance inte the crvs-
tal I(O) acquires some polarization after passing a crystal thickness

it L
X, since due to the difference between Wpp and  W/jp  the bear




tomponents with parallel and nerpendicular polarization will underco various
absorptions, ana I"(x)7é IT*(x) . Insteag of X it is convenient to
use dimensionless thickness Y =></Xe , 1.e. to measure the thickness
1n units of Xg= '{/Wpue . Xe s such a crystal thickness after
which tne intensity of the photors with the given eneray and parallel polar-
ization decreases € -times. With increasing ¢ the arcwth of Xe
slows down, as it is seen from the dashed curves in Fic.l.

Following the works [1-3] let us determine:

a) The parameter characterizing the difference between the absorntion coef-

ficients:
"
P= CWE-W L W _ (#)
DTkt T oyt
For W2 W3 | R T,/B and for @SCGo.  one mav assume

3

w s , liyd - Hf s w mags
W ~ \X/BH + \X/PE and, therefore, K=~ \X/PE S (2 Wio B0 \X./pe )

o) The beam polarization at the depth X  or 4= X /X

(M

oo 170 - ThX) lﬁ( XWPE
POx)= frel Ty )=th(-
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At the depth 3 = 1, when the intensity of the photon beam comnonent witih
paraiiel polarization decreases €  times, the dearee of the Iinear pniar-
ization of the initialiy non-polarized heam becormes equal tco P{ljc 1‘ -
= th (0.5; = 0.462.
¢or-aqe of the beam intensity at the depth X oo

(i-R1/2R (8)
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The enercy dependence of R and K (the last ope for ys= 1) for two

single crystals W ana Si are shown in Fig.2, while Fiz.3 presents the danend.

ence of both P and K {for R = 1/3) on the dimensionies:s thickress
iy . the last two dependences being universai for #11 sinole crystsls.
(v

At relatively low eneroies @ £ 100 + 200 GeV, when stii?
‘00;% < Wan , the non-polarized beam will be absorbed mainly due teo

the Bethe-Heitler process, and though one may achieve hiah dearees of neiar

ization. nevertneless the beam intensity losses will be sigrificant, Therefore

the apolication of such a nethod for production of polarized photons at such
Zheryies seses too© yvrational. The application of the method is reasonabls
at paoton energies  whep already Dvaé > Wgun . For this nurnose,

tirst for the civen energy ans zsvaiiabie sinale crystal one determines X
vsing the dependence of Mg upoa @ (Fio.:}. Then, witr the heln of

fia.3 one determipes Y . l.e. the crystal thasiaess X = UANe o

ine rege.rel degree of potacivation, If the rnoion eneray i sufticien

iy o 170y, it ds pogsriie to detern o 2agily the bear loiges o
tha curve (U] ptherwise it 16 races. v fo determine [ ant rho
oy

the iosses Sy the formula (5.

Just in the same way that is described in “he work | 11 the soroie ervors’
may be used as polarimeter measuring the itinear polarization of a iven peam,
Without discussing this possibility let us consider the method Tor abtainins
circularly polarized photons when a 1inearly polarized photon beam passes
through a crystal operatinag as a guarter-wave plate.

By analogy with the optics [2.]the single crystal will work as a niate

converting the linear polarization into circular one {or vice versa} if its

thickness is equal to:
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where the real part of the differences between the refraction indices n

for vhoton with 4 and M polarization is equal to:

i1

O 1]
O S @) 18
Re[n'(w)-n'w)l= 4P B—Wﬁ#i@ﬁdw: +F S ~ el o,

o

Using the expression (3) one can calculate the Cauchy inteqral (8) and

obtain:
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where = B/w o= 05777 is the fuler's congtant 2
s
=Y/ e is the dicamma function. The resiles of +ha pumeris
S I \ V; -

3* caiculations of the expressions (2 and 12) with the nelr of a cosrucer

— T A .
cresented in Fig. 4 show that He (il [0

Lo The dgaendence of the thicynes, of veavigus quarioy-ewve rlats
gt e . caloulatec 5v (7 45 snown ip Tielt,

conclusicn et us discuss the validity ¢f he “alruiatiors and sore

nf the obtained results. It has heen already ientionse 2t farsyla {14 8«

m
¥
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valid for X << 9 . while for areater valyes o% (o
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values of the parameter X  may become X > . The vajues of the
photon energies Cop . which at maximal crystallic field values M
gives X =1 for various sinagle crystals, are aiven in the Table.
Taking into account the facts that F  sharply gecreases in the neiahbour-
hood of the crystallographic planes where E =~ ™" and that formula (1)
provides an accuracy not worse than 15% even for X = 2 (se= [_17] Y,
one may show that the application of the formila (1) provides sufficient
accuracy up to photon energies W =~ 2000 GeV

£s to the results cbtained, et us first note that the numerical results
on the ahsorption coefficients calcuiated by the simple formula {3 are in
g0o0d agreenment wirth the numerical date of the work [16]. The crystal thick-
nesses Xp 1100Y and )(1;.4'(1000} necessary for oroeduction of »
tineariy polarized protop bear with P =55 using a non-polarized
one and Yor convertinc ¢ lineariy polarized ohoton beam into 2 circulariv
poiarized one at o = 100D Ge¥. respectively. zre afven in the Tab.e.
exceny diamenc. crystais of sucp thickness are ave‘lacie. However a3 14 44

VI . - “ .
&yorige . oand Bl gt iower

seer foum The Curves  Ae 0t and Yoo f

energies the :a2guires crystal rhicrnesses Gecome non-realistic “o-

& £ 400 GeY {perhabs tungster frvsTats may be usefy: for o N0 Gevs
These circumstances along witn the is<ge ‘reensity Tosses ( . i
Gy & 200 GeV prove that it wii® pe vnreasonab’le to use the methors under

discussion for W £ 200 cey.

It is ot interest to compare the results obtained in this work witp
those obtained by other methods [1-3] or similar calculations :78J A
is ajready pointed out in [7,8] , the required crystal thicknesses Xg
ana X’/é tor reasonable enercies are less than the thicknesses necessarv

for the method of coherent pair production [1—3] at lower eneraqies. This

i

TR, e |



fact can be explained by the higher values of R : the maximal value in

R max

the case of coherent pair production is coh ~ 0,16 for ovtimal condit-

ions of Cu single crystal at = 40 GeV, while in the case of the [7,8]

Rma‘= 1/3. Comparing the results of the present work with

ana this paper
those of [7,8] it is necessary to pcint out that similar dependences are ob-
tained by various appreoachesa However there are some disacreements (esnecially
at relatively lower @  when the method is ineffective) between the numer-
ical results. For instance, in the case of tunosten crvstals Xezl0, 1
and 0.15 em for @ = 109. 200 and 1000 GeV and x,/qz 2N and 2 cm
for @ =17 and 170 GeV according to [7,8] . while accordinc to this
vwork Xe 2 80. 2z and 0.085 cm for W = 100, 200 and 1200 GeY and
XV4 £ 0.82 cm for (2 = 170 GeVv.

Thus, while the nuclear-optical methods suggested in []-3J have been

used scarcely [19-21] , we hope that the method considered in this work wili

find wide application for production of polarized ohoton beams at

@ 2 200 GeV.
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Figure Capticns

The dependence of the photon absorption coefficients W/P"E
(cm~j, solid curves) and crystal thicknesses Xg {cm, dashed
curves) on the photon energy @ {(GeV) for the (110) planes
of the single crystals of diamond {C). silicon (Si).

germanium {(Ge), copper (Cu) and tungsten (W), The absorption
coefficients Wy (cm™1) corresponding to the Bethe-Heitler
cross sections for pair production in case of complete

screening are shown by short solid 1ines.

The dependence of R and K f{at X = Xg 3V or

2w (GeY) for W and Si.
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