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ЯДКРНООЛТИЧЕШГЕ МЕТОДЫ ПОЛУЧЕНИЯ ПОЛЯРИЗОВАННЫХ ФОТОНОВ

С ЭНЕРГИЯМИ БОЛЖЕ НЕСКОЛЬКИХ СОТЕН ГОВ

Вычислены коэффициенты поглощения линейно поляризованных

.ротонов, пролетающих параллельно кристаллическим плоскостям.Опи-

оанн способы определения линейной поляризации и потерь пучка в

случае, когда поляризованный пучок проходит через различные

кристаллы параллельно плоскостям (ПО).Получена энергетическая

зависимость толщин кристаллов-пластин четверть длины волны.необ-

ходимых для превращения линейной поляризации в циркулярную.
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NUCLEAR-OPTICAL METHODS FOR PRODUCTION

OF POLARIZED PHOTONS 'ЛГИ ENERGIFS OF

A FEW HUNDREDS GEV

The absorption coefficients of linearly polarized photons ns^s^rr

through a crystal in parallel to its crystalloqraphic planes are calculated.

The metnoas of aeterirination of the obtainable denree of polarization as

well as of the intensity losses for the cases when non-nolarireri nhoton

L.oaiiis pass through various crystals in parallel to the planes 'JlD) are des-

criceo. The energy dependence of the thickness of the auarter-wave d a t e

,'-ystals transforn'ina the linear polarisation of the beam into circular one
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I t has been shown by N.Cabibbo et e l . [1-3J that when a l inearly Dolar-

ized high energy photon beam passes throuah a crystal under small anales to

the crystallographic pUnes or axes, the cross section o* the coherent

G+ 6 -pair production depends on the direction of linear polarization,

and the crystal possesses the properties of birefringence (see also [ 4 j ).

By analogy with optics the authors of [ l - з ] have suggested to use the crys-

tal targets as "nuclear-optical devices" for production and analysis of polar-

ized photon oeams with energies of a few tens GeV. V.Baryshevskii has

pointed out <_S,6J that one may obtain similar results at smaller a neves

(channeling am^es) for photons of higher energies, which yas confirmed bv

tne calculations of the works [ \S ] .

In connection with the possibi l i t ies to observe experimentally fits the-

oretically investigated process of 2 £ -mir production by Photons In

external intense fields [9-11] , to be more exact, in the fields of crystalic-

graphic planes and axes [ l2-16] , in this work more transoarent calculations

of the effects considered in Г5-8j 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.



According to the theory (see, e.g. [lo] ) for photons, passing perr-en-

dicularly to the external homogeneous field E with direction of Dolar-

Ization parallel (II ) or perpendicular ( ± ) to E , the absorption

coefficients due to the S
+
 e -pair production are given by the expressions:

Here, ti = c = l, o6 = e = 1/137, ГП and 6 are the mass and

electric charge of electrons, ей is the primary photon energy. The ex-

pressions (1) are valid for the values of the parameter X- E c o / £ o m « i ,

where Е
0
*т*-/е =1.32 10

16
.v/cm.

Using the paraboilic dependence of the crystalioaraDhic Diane potential,

U , upon the distance, Ц , from the plane

where d p is the distance between the neiohbourinc; crystallosraahic

planes, and carrying out Ц -averaging of (1), one obtains the absorption

coefficients \\/p£ and \X/pg for the photon beams passinc under

angles 0 - 0 to the crystallographic planes (The axis! case is not of

interest for the below considered effects, though the absorntioji cosf'-'i-

cienti will be greater dye to the presence of stronoer fi^'ds .;:

{•' '



where

оШо . 2 гтМт
' В" 3 Uo

and E l ^ Z ) 1S the Integral exponent. Let us note that 1n the case of

Wpg ( Wpg ) the photon polarization vector 1s perpendicular

(parallel) to the crystallographic planes.

The values of U o > dp - Я and В for the (110) planes o*

various crystals are given 1n the Table. The dependence of W'g upon со

calculated according to (3) 1s shown in F1g.l by solid curves. As It is

seen, with the Increase of the photon energy, WPn » consequently also

the absorption coefficients for non-oolarized photons, Wpg =

= (Wp'e + Wpe ) / £ = 3 Wp'e / 2 9row In the beginning very

sharply; then at CO «• 200 * 800 GeV they become of the order of the cor-

responding absorption coefficients W B H » calculated by the Betbe-
p ft ~ I/a "

HeUler formulae of pair production W B H = nto£
2cd ( l f £ n ?S3£ " ' T f )

and shown in Fig.! by short lines; and finally, У/^-~Я when со—-o°

In the Table we give the values of photon energies ой', and Gt)
3
 at whicn

W
p e
 = W e n

 a n d
 ^ p e " '̂  '^'вн

 ! r
sspect1ve"t.y.

Let us consider the processc-s which tafc-г place when a non-polari'zed

high energy photon beam passes 1n parallel to the crystallooraohic planes.

At relatively small energies the photons will be absorbed due to the well

known Bethe-Heitler pair production mechanism which 1s Independent of photon

polarization. With increasing photon energy (see Fig.l), when the above-

discussed mechanism of pair creation becomes essential and then dominant,

the non-polar1zed beam with initial intensity at the entrance into the crvs-

tal 1 ( 0 ) acquires some polarization after passing a crystal thickness

X , since due to the difference between W p e and W
p e

 the beam



:omponents with parallel and perpendicular pol^rizaticm wi l l undemo various

absorptions, ana X (x) ф X (*) - Insteau of X i t is convenient to

use dimensionless thickness у = х / Х е , i .e. to measure the thickness

1n units of X g = i / W P g • Xe is S l jch a crystal thickness after

which tne intensity of thr photons with the given enerqy and parallel polar-

ization decreases 6 -times. With increasinq CO the arcwth of Xe

slows down, as i t is seen from the dashed curves in F i c . l .

Following the works [ l - 3 j let us determine:

a) The parameter characterizing the difference between the absorption coe f-

f ic ients:

p _ „ W i - _ W l - Wp'e . (л)
^ ^ " x "

For CD £, CO3 .. R ~ y3 and for CO-<CJ« one nnv assume

w"'"X s > WBH+ Wpj;'1 and, therefore. R s % ' J / ( 2 ^ ; . ^ 3 w

b) The beam polarization at the deoth X or у - X / X 6

At the depth U = 1, when the i n t e n s i t y of the photon beam component with

p a r a l l e l po lar izat ion decreases 6 times, the decree of the l inear polar-

i z a t i o n of the i n i t i a l l y non-nolarized beam becomes eaual to •*"\У~"') •

t h (0.5) = 0.462.

. : " ' • .'•.;>••-.:?,(- of the bear" i n t e n s i t y a t the depth Л or >j :



The energy dependence of R and К (the last one f o r (J = I ) for fewo

singie crystals W and Si зге shown in Fig.2, while F1o.3 presents the deBenf1-

ence of both P and К ( f o r R = 1/3) on the dimension!ess thickness

L) •. the last two dependences beinq universal for e l l sinoTe c r y s t a l s .

At r e l a t i v e l y low eneroies cd £ 100 * 20C GeV, when st11T

Wpp < W B H , the non-polarized beam w i l l be absorbed mainly due to

the Bethe-Heitler process, and though one may achieve hiah degrees of oclar

i za t ion , neyertneless the beam in tens i ty losses w i l l be s ign i f i can t . Therefore

Ihe aool icat ion ct juch a rretnod for production of polarized Dhotons at such

otn.-rjies seed's tv •'- " r a t i o n a l . The apDlication of the method is reasonable

at onoton enerrvie;: men already Wp£ ^ ^SH • ^ c r this .ournose,

f i r s t for the given energy л.г.с ovai lable sinolp crysta l onf; -ietprmines X?

using the dependence of Xo upon cd ( F i . ' . ; ) . Then, with rhe ^p)n o r

1
" ю . З one determines Ц I .e. t-'ic- crysta l t.^i-i.npss X - ч л ? , "> r j

' M e г S f C i : . v ~ c - ' . j d r ? ; ' ; > " e e c ' p o ^ S ' - i ^ j t i o Q , I f t h e г . ^ о ' о п e n e r c i y '••; ~\><x''•••;^**•-•-• :

i i i q h ••( :~ I / ? . ; . , H i s o o s b ' i ' o t c d e t ° " n : 4 . ? e a s i l y t h e b F ? f ' c s s f - •. -- i

t h e c u r v e K ( U j . o t h e r w i s e i t ?<; i ' « c ? s : , •:• ••' *:c> r ' p t e r p i r ; " к э р ' ! |-'"••'"" f

the losses by the formula ; 5 ) .

Just in the san'e way that Is described in *hK> work ', 1 j the r !••!•• -m*. f*'

may be used as polarimeter measuring the 'linear o o l a r i z f t i o n :;f ? "7ven reaw.

Without discussing th is p o s s i b i l i t y l e t us consider the method f o r obtainim

c i r c u l a r l y polarized photons when s l i n e a r l y polarized photon beam nasses

through a crysta l operating as a quarter-wa»e plate.

By analogy with the optics [ 2 ] the single crystal w i l l work as a nlate

converting the l inear polar izat ion into c i r c u l a r one (or vice versa) i f Us

thickness is equal t o :



sr_
2o)Re [п

where the r e ^ l part of the differences between the r e f r a c t i o n Indices

f o r photon with JL and II po lar izat ion is equal t o :

Using the expression (3) one can calculate the Cauchy Inteqra'! (8) and

obtain:

v>

where a ~ В/й) , С =: C.577? is the c o n s t a n t , -1-'/'^

~ i ! fe ^ / f~! fe • ^s the diciarrma ' u n c t i o n . The ^es.^ts o*' t h o n;:rpri

a"' r:a i c u l s t i o n i o f t h e e x p r e s s i o n s ( ° ; and f Q ^ w i t 1 1 t r f 1 ч е ' г o f $ (•'••••rii-er

p r e s e n t e d i n F i g . ' show that К e L1""1" C-^'~ r ( { - ° ' i ' s л " ; T 1 0 0 L ' ' "f'-i r^.;. • ^r>

•; CO The •'.i^"<"-ridence d ' t h e thic-'ne?.'.- n'' v ? ' " ' o u s C]Uur'.r_"--n',v? r-'-t-°

..•"•'.••'>г ч"'Т ОС . c a l c u l d t . e o bv ' 7 - i-; snown i," r i n . r , .

..r >jori': i u s i c n l e t us d i s c u s s t h e v a i i r i i t v c* ^i1? •:•=; i r i . i i a f . ' ^ s - i n ^ soi"°

n f t h e o b t a i n e d r e s u l t s . It has been a l r e a d y i r e n t t o ' v ? - ^ r f o r ^ - u i f l П ' i v -

vaiici for- X << 1 . while for creater values o* •;•_• f - E ^ e



values of the parameter X may become ?i » i . The values of the

photon energies COp , which at maxiiral c r y s t a l l i c f i e l d values Б

gives X = I f o r various single c r y s t a l s , are oiven in the Table.

Taking into account the facts that Б sharply Decreases in the neighbour-

hood of the crystal iographic planes where E * f m a > and that formula (1)

provides an accuracy not worse than \S% even f o r X ~ 2 (see [ l ? 3 ) ,

one may show that the appl icat ion of the formula (1) orovides s u f f i c i e n t

accuracy up to photon energies CO ~ 2000 GeV

Ai to the resu l ts obtained, l e t us f i r s t note that the numerical results

on the absorption c o e f f i c i e n t s calculated by the simple formula (3"! ar* 1n

good agreement with ttie numerical datft of the work [ i P j . The crysta l t h i c k -

nesses X g П(Хя.'- ari>"' X 1 t (1000} necessary f o r production of *

l i n e a r l y polarized nnoton bean- vn'ch P ~ r<Л- usinci a non-pol«fi2er1

one and for convertinc a l i n e a r l y polarized photon beam i n t o г c i rcu' iar lv

polarized one it со = 1300 GeV. respect ively, -^re Tfvr-n in the ТЙЬ:Э.

txceDt diamenc. crystals of such thickness are ave^laole. However, *- i i is

s«er- V ^ J T the curve"- л » . CO) and X i - Д ^ 1 ) • r i a r . ? and F j . ax iowpr

energies the -equire'j urvsta! thiCKnesses оесс^е n o n - r e a l i s t i r 'o r '

00 -< 40C GeV [pernsps tunoster :vysta!-i may be usefu' f o ^ ^ : -? : ' " i f i t'ieV'i

"these circumstances along к и п tMfi ld"qe *rcens1ty lasses ( r. )

cO Ŝ- ?00 GeV prove that i t w i T bf on^easonatile to ust. tne methors iind.-.-

discussion f o r CO 4 200 GeV.

It. is of" i n t e r e s t to compare the results obtained in th is work with

those obtained by other methods [ l - 3 ] or s imi lar calculat ions [ 7 . 8 j . /.s i "

is already pointed out in [ 7 , 8 ] , the required crysta l thicknesses Xf-

ana ^1/4 ( o r "easonable eneroies are less than the thicknesses necessarv

for the method of coherent Dair production [ l - 3 J at lower enemies. T h i 4



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

the case of coherent pair production is R . л 0.16 for crtinai condit-

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

ana this paper R = 1/3. Comparing the results of the present work with

those of [7,8J it is necessary to point out that similar dependences are ob-

tained by various approaches* However there are some disagreements (esoedallv

at relatively lower CO when the method is ineffective) between the numer-

ical results. For instance., in the case of tunosten crystals X e » 1 0 , 1

and 0.15 cm for CO = 100- 200 and 1000 GeV and * I A « ?
n
 and ? cm

for u) = 17 and 170 GeV according to [7,8] . while according to this

work X
e
 « 80. 2 and 0.085 cm for CO = 100, 2П0 and 1000 GeV and

X y - * 0.82 cm for Cd = 170 GeV.

Thus, while the nuclear-optical methods suggested in [ l - з ] have been

used scarcely [ l 9 - 2 l ] , we hope that the method considered in this work w i l l

find wide application for production of polarized ohoton beams at

CO •>. 200 GeV.

1С
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Figure Captions

Fig.i, The dependence of the photon absorption coefficients Wpg

(cm"
J
 , solid curves) and crystal thicknesses X

e
 (cm, dashed

curves) on the photon energy CO (GeV) for the (110) planes

of the single crystals of diamond (C), silicon (Si),

germanium (Ge), copper (Cu) and tungsten (W). The absorption

coefficients W
BH
 (cm*

1
) correspondino to the Bethe-Heitler

cross sections for pair production in case of complete

screening are shown by short solid lines»

Fig.2. The dependence of R and К (at X
 =
 X e ) or

Co (GeV) for W and Si.

-л 3. The dependence of P s~.r. К (at P - I/?} on
i

Ц-X/XQ . i

r ig.4. The dependence of Re I '^ {^' ~ i".' (CJ) i /-" - 10':" on |
i

(GeV) for various single crystals. ;

i
; " : r > . ; j . Tr-e d e p e n d e n c e o f X\,> \o:<>) o n CO ''GeV' f o r

'•/•%

••-iricus m-o'iQ i.ryst-j'is.
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