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ABSTRACTg 

The polarization phenomena in the photeproduction a.nd.radiat= 
. . ;_ -. 

ion capture of pions as well as in the Compton - etfe0t on the 

nucleons are consideredo The conaeqaences of the 1aYariane• unQ 

der time reversal are obta;1nedo The Wolfenstein theorems are ge= 

neralized for the case of the considered reactions with the par= 

ticipation o-:t 6 =rayso 

Io I.n trod u ct~ on 

The progress in the e:xp.erim_ental technique makes it poa= 

sible to hope that the polarization experiments in such elemen= 

tary reactions as the Compton - e!feQt on the nucleons, the pho= 

to=p1on production, the photo-deut••n d1e1ntegrat1on will becom~ 

possible in the nearest futureo In conneot1on with this th• prob= 

lem arises to cons14er the polarization phenomena in the react= 

1ona with . 0 -rays, . to sepa:~ate independent experiments, to es= 

tablish a complete set of experiments necessary for the reconst

ruction of the reactio.a ampliitud•o Wh1n determining the number 

of independent experiments it 1a eseential to take into account 

the symmetry under change of a1sn of time as well as the unitary 

conditions besides the 1nYar1an11 oon41t1ona under rotations and 

space retleotionso 

In the present paper th• polarization phenomena. 1n the pioa= 

photoproduotipn and 1n the Co■pto1n•1t:1'1ot on the nucleon:s are 

eonsideredo The interaction invar1anot under time reversal leads 

to the relations not only between the w:ipolarized (ayeragcd over 

spins) cross sections but alao between the polartzation phenome

na in the. reverse reactionso Thougll it was shown ll--4-I that the 
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·1<c)'1.~@li"t111lt@1m tlMctrN8 a:r® walid ·· '.f«J:r th• !i1laaJt1<t •'@attctr1ng amt 

f• ltl'bi,; , • ..,,,, :!r{t11.ctioaa, in-, the· phctnc,ae.iu;l()gital anal7sis t~ ·r•arot= 

ir,111a. ¥1tlt. .J' ~ -ra::,a r•quire &Jl espe~ial eo11a14ffationo llil tlHt 

n•s•at .paper the Wo1:f•nste1a the@r~••:ar® gtinrtrall•<Nl fw tbl 

@&M,~t aNlt. 8' r-tiNo 

!u ••1tar1t7 of th~ S=•t~1x 1~wolw1~, pi@n ~~el®• ctlut1@ 

Mattw1a1 

-=-p - =p; • _. •••; + 1i oe + n; ap - •• 

th~ ~har~@ exchang~ M&tter1n, _ D:::.··- on 1 t n .. ·- t,'7 n 
~:,,- ,_ ~·-' 1: 

tllill p~otoJrot•tios an4 the rad1at1• ~apt_.. o:f pi~ 

+ n -~. vp p -- V n ., r · .,.c-. ✓'" 1'1/ n ·· = y p 
. _....:..... Q l - -~- 0 ) 1 .• ' - ' t1 . · l - t'' --_;. !J - -
- . ·'· ' 

an• tllwl C•pton ~· e:f:t'_tJtt 

((P -:---J'P-. > _ rn - tn 
at•~ it P•••1ble tc int:roduc• th:'f>(fct r<ial p1&&1Htfil ~.:111tfl iu@@ 

111.xiq pa:raaetera into ~w•'lt'7 atat@o Th111 pr~a®ii'its t1HJ p@$~llJ>$!.lit,1 

@f ••t•r■ining the nWlber of nec@ssar7 •xperiment~ whi@h ~®@@JIHl!I 

· Lcohcll't:io~ 
less if we take iato account the isotopic 1aYar1aUt)o Ta~ alt-,, 
ia cons1dere4 in the Appendixo 

2o Photoproduoti•• and Ra,1at1on Captu;rt) •f' Pio1111 
=::,;: =•=====-;; =-=i==•===-== ===== 2: :::. = === •=== == = == 

'!• obtaia tha photop:rotuction a.mplitud••• pr••••t it illl t!hct 

ton 
..... -

M 7a + &6 

(1) 

Sim1<1t1 the aaplituds 14 1111st N a l'•••ce•••la, the quu.t1t1sa 



Gt and 1 must bi a pseudoscalar and a Tector const~actst fi>a 

t h(i p10larization Yectors -.,.. ·- 1 · -- , - _., _,.., ...,. aj - _,,,.., --
. ei 

1 
n = [ q k ] ) rr :: q, + k' .:44 D. ::. q, -- k 

wkere ~ ant K are t~• piN •• P••'• ■o■enta respNtiT•17o 

Tkct ~onst:r11~tiolll ~~ the pltstopro4••t1•·•■plitutle aii4·th•·;t•d7 o:f 

tk~ t11M1 r®Yeraal 1•war1ance appltl• to the pioa ••cl••• P••t•pr~= 
du~ti®• .._a been pffformed in 15 , 6 ,7 1. 

Uaing thtt gradient inTa:r1anee th• expreaaloa fer 14 _,. '" 

Xf (~J0 ••• w 1 u• th• fq(Dtiona ••••rUting a nucl•o• aat a ••= 
leon with a m•soa reap•ot1Y•l.7 9 thea fer 1aataae• 

. . . 

It follow~ fro■ the ·1sYariN1• uni•~ tiM reYeraal that 

-1 + 
KDK = D 

I 
A ::: -A 

I I I . 

-B-~ ~ B ) ·c : C ) D : - D. 

'' ' . 
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i ~~~~ --""'"· • --~. ~· ~ -~· __,, _,., --- _ • ..,., _, ____ ,_ 

fY'., r-<f =-A· c 6' e ) + ~ c cr q ) ( eq;), + c ( e n') + ]) ( <5 k) ( i e, ) ; M 

~ --~ ~ ......... 4-- ..:..-,,... -~- _....,. ->w- -~ _,... _..,, 

- M ~ 11 ~; • ,, { cr e.) + B ( cr q ) ( e i) -c c ~ h') + D ( cr f{) ( q e) = M '. ( 3 ) 

. ""':, ~ 
In Tirtue of l -quantwa being transverse ( e k) = O 

and 
# 

Bfcrq)CBq) + D (6k)(qe\~ d (6,J1 1){eii·1)+{1i& b/)(e"ip). 

~> 
If we pass to tile orthonormalized vectors JT . . 

""1:.=~ 

, A , and 
,."_,.,., 
ir,i and tak• into account the relation 

----- _.,_ _._ --- -~ _,..., --- _,_, -i-· ..,__..,_"'- ~ ~~- ~ ---· 

( cs e) =- ( 6" h) ( n B > + ( 6" JT) ( rr e) + ( cr ti) ( l1 e.) 
) 

then f1nall:, 

M : ~ ce.:;; 1 + r (6 n > (-e;.;-) + r (CT~-- (e6) + 8 (6'JT)(e n) 
B(G.q;H&i) + R(~X)~e-) ( 4) 

and 

M ·" -o{ (eh)+ r (6 h) re ni + ~ (cr Ll>ie ;> + o (G'Tii{e .n >. < 
4
) 

For ~he c»css section ot meson production by the unpolarized 

~ -quanta on the 1.U1polarised proton target fthe ·statistical 

factor is ever7Where omitted) we haw~ 

2. lo(8)::\oll 2 + lp1 2
+ I t/'"co12.§~+/ol 2 jih2_§}-2 2. (,) 

In Yirtue of the relation between the cross sections 

I 0 (tn---p) ~ I0 (-p -•-in) 

the attempt to investigate the photoproduction experimentally b7 

stud71ng the inverse profess- the radiation capture of a n~
meson b7 a proton ■a7 proTe to De unsuccesstulo Though suoh ex= 
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p@Jfiffl@ftt£§ u@ W®'JJ7 <dl1fti@ultf)fJ n11'ferthelesav as a r~sult of them 

th~ data a7 b~@o~~ awaila.bl~ on th~ ph@tcprodu@tiu @n a !X.~ 

n~utr@~ ~7 the ~g~~@~Q~~ q•nt,i.
0 

• 

..... 
Th® ;r,®Jlationship betwe®n the nvcleoa polar1u.tion < 6 'f :1!i 

th~ phot~pr~ioo©ti@~ vh@n th~ 0 =qll&Qt& and the t~g®t a.r~ Mn= 

p@lariztd and the additi«>?a IP · to the cr<1ss ••~ti~n @f tM phottv

p~@d~©ti@rru 

1. f . . { ( ¼' -I S -t . -- -. ;'/ / --...-
( E\ lf) ~ --o + ! p·'- la~\\JpM M+t, pM M~·l'J >t\f.=.,G)/n 

wh~n .the target is polari~ed~i.e®t> th.ii Wolfenst•ia theort■ @t th~ 

t©n 

ft0ll@'lf~ f'rlOle the r~pr<is~ntation of the uplitude illl the :f'CMa Tl) 

and the argument~ @f tillml® ~~flecti©Jnl 2 1e_Then expn-essiou.tor tilt.@ 

n~tl@©n pol~i~ati@n Jma.f b® pres~nt•i in the fN'II . 

' ' 

~.f th® p~laril)fHl 

@f polarization o:r particlts witll thlfl apb ll 1£J known t<Dl :IHI ·11•t 

'b~ t~11 m~n valu~~ ~f thie ~P®J?at•• ·!1 i ! 1) -~p > r i
1 
t 1 1 

l~.11 0. nd ri\ "~ ?. 0 'lfhi@la a:r® tlHD6.&tr11.11~i~, ~- the. spi.D _ct,~= 
~at@~l 5 l 0 Iim win"ttUl@ of th® t 911.uta b•iq trana1wera• 1a th(I} 

@@!Dl]Pl@t~lJ' p©la:riz~d Yi =quanta ·b•a■ <~)±- 1) =(T~>til :::::. 0 \g\ 

~@ that th~ ~xpressi@n fo~ the ~r~s8 8~ct1@n ct th® ■eaon phot~ 

pr«:iduitiol!t by a partial:, pt1larizec! Ilea.a of ~ ~q& 11Ja7 b• n•=-

8@imt®d in the f'@l"lll . 
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I ;·, Io + < T2 0 )ih-{, 5pMT20 M+ - <~ 2 )h -+:-Sp M'2 
2 

Mi+ 
> ) I , > 

,. 

< '°' 1 ·I· 
+ le-2 '•h lt Sp M T2 -2 M . 

) ' . . ) 

(7) 

Let us not,~ :f i.rst of all that after- the a.ve1•ag:Lng ove:r. t.ht 

nu~leo.1.·1 spin 

~ 

-f s + ~ T p~MS7.:0 
(8) 

(S is the spin of the photon), it can be imm~diately seea 

if we use the foraula 

( t S 3 ) := - L [ 1 i] 
-for the functions of the type f = f e and 

-:1,,1 .. ,-,... 

~:::~e. 
We may obtain, the same result if calculate the mean value of 

the spin vector o! the photon arising in the radiation capture 

of a Jl ""'mesonp by the unpolarized protons o This result is ra= 

ther generalo Por this reason ½o the term proportional to coB ~ 

is absent in the expression for the cross section of the react

ion induced by the polarized beam of ! ctra;fSo 

When calculating the-rest componenta in (7) and the rat:an 

values of the tensors ~,±2 , T2 >0 after the :r:a.diatio:rl cap= 

ture let us use the formulal~I 

(5 1 sk +sks,)M-;: 2M'D11<-(M,Bk+Mke.j). (9) 



We have for the m~an values of the tensors tifferent ~o• 

(10) 

If' we CJhoose the direct1o~of th~. a =quan'tWI impllls• for the 

-l axis 9 th•n 

.. 

and finally the cross section of meson productioa b~ the polarizei 

t =quanta assumes the :for■ 

I (8) lp):: Io( e >[ 1+ tf a_,Q ~(~~1 ... (T )· -J3 f lo( l c+_\ B 12-IJl 2 CJ)~l ~ -1S,~in2 e)cosf \Je , 2, i in 2 r e (ll) i 
~ J+M 

with a.ppropria.t• d.e:finit1M for ( TJ M ).=-(-1) (T:r,-t-t) . 
I 

Let us draw out attention, to the polarization o:f t c=rays 

in the radiation capure ot 1,·....,.••oaa \1 the l.Ulpolarized protonso 

Pa the mean Talues or the tensors not •q•l to zero 

. ~ . . + - . 
I0 (T2 ,r-n)=~~SpM 71

21
rr,M. 

'ltJ obtain the expressions coiac141ng w1th (10) if 1a the ru1at1o• 
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~ ,.,.,ti..\2'r~ w~ ~h\(i)@/j\! tb(iJ dii?@@ti~il\ @f th@ '9l00~,I@~ 1· =qM&~~a f@~ th~ 

,( ~J. .... : . .,, Q 

If r•pres@at (11) in the :for~ 

l co\ ~n ~•- r 1/ e ) 1> < T~, 0 ), r', r 2 ./;, 1r < ·12 /~ 1ir
1 
r ,; , ~ 

tht o'bta111•ii r\11~11lllt li1q b• Yr1ttoo!f1 1m th~ f(f».?!fll @f th~ x>@la~1l®1i1il 

r r (O)fY ) 
Jl ? o/"rJ - i O \ II::-~ Ir")'), I 

·., ' r 
(12) 

®~~r~~~1oo~ th~ W~lX~nst~in the@~f~ f@~ t~~ ©@~~i~<tm>~ ~@ti~~o 

Ii n@&na that th~ st~dy ~f th~ y ~8Tifii;n f@la.11:'1~i1<ftil im tla@ 
1, 

1"1],g(jli®!il - p ,.,_ ,i( /(Ii i:il. WCfl~ th@ ~a.~@ hf@)r1i!JRati1tll!l ~~ tm@ ~1;~ @f 1'h@ 
' 

c~o~s S®@~i~~ f~r th~ a~~@~ ph@~@~~~t~@ru ~W tk~ J@l~i..r.ei~@i l = 

t~rm<&go Ti'l:.<il l\til@W~ Btln~1@r&~:11 !?@il\1,Ji'.Jtt'~ ,.§:ei~"i.\{(l~:f'JJ;11l.ia1.g ih(;l ~'m©l@n p@~i0 

uaii1t:& lie.Mt \>~ M!~itJi ttll "his o fftil@ .1t~:, @f tb.EtJ ritoo@l@(CJil p@Jlutntc:, 

i@ll 1liil thti l'a41at1©r4 ~11.,t~@ giw@~ <th® satiilet. el~1t11£ I\~ 'W@11 ~~ t/i® 

1nwe:st11a<li@!d @:f th<t cr@filil iJ@41Jt1@m :l@r: ihe ph@i@;PlX:"@Slwtoo~l®'11 C!,'1Jl 1;h@ 

pola~is~il ~@~@iill ~~~~t whti,?@a~ ~h<tt prot@oo p@lut~,d~1@oo _ ili"Al .~ro1-~ piYa@~@:> 

prodM~ti@@ 1~ @~®ct<Wl ~it~ th®~~@~~ ~@©ti@~ @f th~ ~~tiat1@~ 

~aptwr~ ~n t~• p@l&J?i~N n@t~~~o 

C@upl@~~ tm® @@m~ftQ~~ati@~ ~f the p@l~1~~i@~ ph®n~~®• full 

thfl ?'®l'.tt1olil1i Y: N ·,-2-~::: JT fl Wi'(t ~011iiparl! thfl ®X!J!e<fJSl'lliOJ.al&il :f@~ th® 
tl , 

oorr®lati@li ~~ the polarizat1@n in the radiati@n ~a.pihirrc>® 
. \, : ', 

.... -- . . . ◄ It - - I) I l 
O 

( 0) ( ( G rn) C½ 'r{ b I C ~)) ~, .,4 Sp t»1 ( ti. r,i ) ( T1 k t, 1 C :~r) M 

~1 tlal ih• ~dCi tiliQ t<OJ .the- @r@ss ~U,Cbt:1@lal @f tth@ ph@t@nodlll'.rtt1a 

I r µi vh~I11. b@tllil. th@ 0 =-qu.amt'mt btllA!l1l aimi th® targ~t ar@ i,@1~111= 

~~ 
-= 



--;.,,,,.- ..ai.---- . 

!or th• <ilttrr~l,.tica Io ((oo}(5 &>) •• ••• 

it caffll 1tittJ ps,.rtieula.t:>ly asttJ@Yil f,rNI h•r• tllat 
D .' ,, , _, ' • • 

---- - --- -¼-- --- -,... ~ -+ -p -+ ~ < C () n) ( 5 JT)) =- < ( 6 h) ( S 8)) ::: ( ( 6°JT) ( 5 ri)) ::: 

=-<ccrii}csn))=o . 

Fter thl ad41\i@n to the cross •••tiea et the P••topr .. uct1• •• 
. ' 

-~. s r M 
1 
,vi c cr a-) cs -t) = -~ { < o{ <r.+ ~ ~ + r) <ab > < fr i > -

-- (.iO + - d+ J )(ciii') (i(ii; )} + ~ { <P,«+ +'t ll/ii if)( b Jr) + . 
' ' ' .- ,, ; .·, .. •' :: ,.·, ' 
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~ 
If the results of the expreime:nls on the investigation of the po

lariz~tion correlation in the radiation c~pture are availableo 

ioeo, being aware of the coml)inations (d. (t-ot i't)l (o<dt=a\·)) 

etc one may predict the results of the experiments with the polari

zad beam and targeto This can be seen from the comparison of 

(16) and (lJ)o Therefore, these expreiments are not independent. 

It can be also seen.from (13) an4. Ql6) that the relatione 
.. -~ 

of th• t1p• (12) occur whe~ even if one of the vectors a o~ 
...,- •➔ 

b are diJf"ected along the normal n o The analogous conclu-
''"!'~ 

sions arise when in (lJ) a.Dd (16) S is changed :for T(.. > rn. 

-'o C•pton &t:f~@to 
m = = r=r:::: , : cc c.L.Z 

The amplitude of the Compton effect may be presented in the 

form (1) but for ~he elastic scattering M must be a scalar. 

Using ~he usual arguments including the symmetry under time re

versal we have the most general expression for M 

-..;r,.-......,. -....-:,- ~ ...... ~ ~,~- ,.J,i:', ➔v, ~ ~~ 

~1:; A ( e, e ') 1- B([ e e' 1 h) -t c ( cr n') ( t1 e') + .D < ~ n') l n '[ e e 1]) t--

+ r ccr r; ;. J ) ... E f (n , e, )(cr [ ~'aJ ) + & , e )( ~ r ii, e, J ) J (17) 

-- -- I where B and e. are the polarization vectors before and after 
~' --~J •·"1:-V "/ 

the collision n ) (j .and Jr are constructed as earlier from 
-). • ---s>ccl 

the unit vectors t1 and K at the directions of the quantum 

I 

\ 

~ , 
i 
~l 

-
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momenta before and after scattering. Expression (17) has 6 terms 

as it must beo The expression for M may be presented in another 

form 

___._. _....-.,.. _.,..-..,......, ........ -r-... 

M =Rt(e.e') + R2('5~') + R~ (6fe'e.]) + R~(G"[&'-5]) + 

. + Rs l ( cr;) ,-;, ~)- (6" K') c;e,)} + R 6 l ccr K'){; 'e)-(GK> re·r)} 
(17•) 

if we introduee the ••etors 

Under time reversal 

} 

In some paparsllO-l2 l the expression for Compton effect 

amplitude waa found whicl contains the terms not greater than the 

linear in frequenc1 

(18) 

where µ . is the magnetic moment)i of the nacleon ( 
.. 

is not a •nit vector). 

We get from (11) tor the cross section of the unpolarized 

beam of t -rays on the unpolarized target 



l "j) <::> 
C) ft'~ 

~ ":~ 

,: r" ( 9) ~ 1,,;/, +!~l!tYR.~[1;{(ii>:, 1' F\\) + l?:Rs]}U+coo28)+ (I f?3 \"l· 

+( R,, )l}(3-eoft) fz(I ~i:1 2 + 1 R;/2){3 +QllQ)-r¼ R~\c11;R.'!l:}r<<-R
3

-R
6
h 

' • . ...i,c•, ,., ,, 

i 

(19) 
+(,,.:JI., D )(? Afn~2 (;HlrnAA ~ .~ f\ il' . ',0 T . f,' . .,, ,. J I V!ll _, ,, ' • 

3 ~ i 

Th@ u1\.tagy· <,H:iruU,.ti~:ni @f th@ s~~\tr:lx l~ads t,~ the ©plti«;:al th@@lf@llill l,)1 

K (5t :::: ½JT J N""t[ R
1 
(0°) + t"?i (0°)] 

(20)· 

whel?@ Gt . 1~. th® t@tal c):><.oss ~cci@'fc;1l.cmi @f t\11!@. 1ntli~aei1®lla'l 1imwtJlW= 

1~8· ~@th @1~~~1© 11@mtt<1:reing a:nd i!'dl(ii.1astU.t¢i p:t•oti(l)ss®$ o Th(I iff}.'lqu.a.11= 

i1' 0 

Io (Oo) ), ·(-· K.~"·t _\<! 
i., rr 1 

(ii) 

~@ll.l{t1.21ti' f!?w. (20) for the ~~~ss ·~~tJ~t1@m @f' f@~~ @li~ti@ M~<l=> 

i~,?im1 I@(b~Y~ ·1m' w'uiuce @:f tli1:i 1ml(~qualitw the ~lai!iti; ii~ait(l:fi.'1~1f 
. . ,. . ·'\' 

a1.i h1gQi @lll@l?g:il@~ 18 fM004 t@ ,~ preak®d f()rc'\Yl&l:4 amid ®@M~·m,1rat@4 ilil 

tm~ sall solid aa~l®o 

I\ • . 82 ( 4JT )2. 0 l,J:: Jf ~ -· ":'·-- G,:: 
k6'¼: ::> > 

c:::>:::,,:===•== == z C =c::. 5;::,::;_,.~ 

()5 =-f f O (B)do. 
(1 "))">) )i 
~(-A<½ 

o ~h@ ®Xistenc~ or 1nequ~lit;r (21) :fco~ the ®lastii§ 8~att~rr.,,, 
1mg @f p~ticl@~ ~as shown 1nil$1 an& in & l~ss g~n~~al @as~ ,7 

/R&'1'1~al 151 a&i ¥®11,as,·~y Karplu~ · a.nfL Rud@!'lli•lm ·(t11®@ll,t )o Th1ri ·11n..,, 
@qWJalit;r -was f'l:irst pu'blishe!I in a f;)*f not<t lt>f-Wi@klli>l vh1@h r<e= 
11r..a.1ns unnot:lc~d, · · ' , · · \c · 

,, . ' 

t 

ti 

Ii 

} 
r 



Xa@q~liti®~ (21) arMl (22) r~flc~t the· 11ain teatv~s of elast1@ 

~®~tt~riq at high enargi®& wita•vit vising the opt1•1 mod~lo Th@ 

®~p~@~s1~B for the p~l~1zat1~• ~t th• ,-eil nucl•®• wh@oo t~® 

~~g@t and the ~~am ar~ unpolariz~t 
- _.,_ -- . . . * * * . -~ 

?~lo ( G) < o )1 ~ n 11n e 2,.. Re { ( R\ R¼) + [ ( R2 F?tt )-( R, R
3 
~ eo~&~(R2 R3 )o-)I':, tn 

1 (2l) 
. 

@@1lll@1&~1) ¥1t1tl th~ <f.l~P~(i$fa11@n ll@tier■i&ing the @i■llltMl M7MMt1?,W 
. . . . ' . . 

in the crotwl se~ti1011i @f th® CN19IN1 @ff@@t • tM f(tl.U'ifll@t lilll@l@@Iil~ 

~t 00&;1 TmlO!tct ~hat t~---f!ll~~~~if l't_!,i u4l RC ti<I ll®t ~nt@~ i11t@ 

(2l)o ~-

~h® B@--n \'J&ltm@ of tu ·•®I• spill ( ... th• tJRl'<i~,-mdliq 

.-ld11t1Nl tt> the ~l?'ct~lil &i@tttiM) \llll@ll th• tug®t -· tll@ ll®.NI an 

u111p@lui11(jl! twioo out into z•~8' u w@ll u illi tll• ••l®J'if'NlMiU\@lilo 

Thi!i n•ool~ (t)U ~lil IHJ~Ili ho■ the t:lNlll1iMal 83Hlal••at1tlli1o ,~ 

a~alil Wll.:il.Vl(IJ .®t tu £§Jill ut~J?> ~U!kt•• ~•-111Nlli ~ M tir~~tcit 
-► 

i;:, _.. ' , (f; ~nl,- P•®lllt(t)W@~t- = ,_ ••n-.1 n G Sial® fw ,_ 1k•toll§ 

:i!pr(l]Mlimig at thlJl ~7. ui§ ( S x ) ~- ( 5 ~ ) ~_;; 0 t~srt@ r~ill~ 

t@ !i~aaifl@lr @nl.r ( S1 1 i y lh\ut ( S 1,) ,_ h 1. . ~ 0 

l'§ing c,) VII haw@ tff tin• ... wa.111,•~ T2.)m t1fft)r@at fFM 
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Fo~ the aMition to the cross section of the Co■pton=®ff•ct when 

tb~ in~14~nt .~ 1uan.ta are pola~ized the ®xpres~ion~ @o1nc1ding 

~1t, (24) a~• obtainedo 

4lo C @ m e l 'II ~ 1 © 1l\ 
~=.:::::r---..:::= 

~he ~xtensio~ oft&~ @o~s~q~@n©@~ of the t1M=rswttsal in= 

wa?iam@@ to the r•act1oas wit~ th~ ~ti~~patiom @f t "'>ff&y$ 1~ 
J 

the aa1n result of th@ pr@e,nt ~ap®~o The ~xpaiilpl~~ @f ths Cowp= 

~on=eff@(it 9 photcprod~ction &n4 ~~4iat1on ©~ptwr@ of_J1ons w®r® 

cons14~~®do Th@ g~n~~alization f@~ the ©a~® @f &K\f ~i~7 r•aetio~ 

(with two particles iii the 1n1~i <A a~d finaJ,, stat<i!i) aq b11 mate 

~ a a anal@SfiWl wa:, o 

Apa.n-t from t1-o~@i1cal th18 ~esult 1• of e~per1Mntal in= 

t<iffllto lor insta.&.$;<£ 0 th~ st'IAtdy of th~ ntO!il~omi p@la.riizatloa in 

the &~uteron phot•p~oductio~ giwes the sam* infor1tati©~ as w®ll 

~ tho J>ad1t1w c~tlll'e of the polarim~i nucleon 0 wh(IJ:r~as the 

st\a47 of the t =qua.Dtwn poluization in the neutron raciiation 

r.e.ptWf® b:, a IJl?'Oton ill ®quivale~t t@ the 1nvestlgat1cm of the 

doo111twom phot~isint®~ation @~@)Se Sfl<ft:l.@n by th@ p(()la:rizltiA \' = 

quant9.o 

The relations between th~ pola:t1~t1on phenomena int~@ 

rev~rs@ r~aotions a~ v®ll ,as the relation between tbs aw~rai•• 

cross sections ar® bas~d on the inwdlance of the interaction un= 

d«ir time rewei-salo However~ in cont!la,st to the "semi detailed• 

balance for the Wolfenstein relations it is essential whether lh~ 

spaoe parity is <Conserved or rioto For the illustration let us 

• 

• 



consiter the elastic seatter1ng ot ntutriJle en the ap1nlesa par

ticle• It on• will not require the 1nYar1aaee •nder space .. d ti= 

me inTersion the ■ost general form of.the seatter1nc amplitude 

will be 

(2,) 

The last two terms being pseudosoalars under space reflection are 

transformed in a different way. tinder ti■e reversalo If the time 

reversal invariance is conserved iri the absence of the space par.1-

t1 conservation·( the combined par1t1) the last term in (25) 1s 

absento Though' in the considered case the detailed e1•~1valence 

remains trivially t~e Wolfenstein relation is absento If' d = 0 

the polarization as a result of the unpolarized beam scattering 1» 

given b7 

I 0 (8) (6;t =ca+t'J·+·a fS\h +-(ac++a+c)JT+L(£tc.:. g,c''")6 
(26) 

whereaa the addition to the cross seot1oa Ip ia round to be pro= 

portioaal to 

(a+t:, +a~/)-;; +(a+c +a:c+fir-i.c&+c -c+f:>)!. 
(27) 

Although both the polarization and as1muthal assymetr7 present 

the same information (the ident1eal combinations of quantities 

enter (into (26) and f.7)) but the Wolfenste1• :rela.t1on is absento 
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A)J)J@oo{!ti~ 

tbi~~ t@~~i~i@ffi\.§3 
~..,c;::_;r-.;,~~~·~:::::>.;:t:;) 

Th@ \llmli!~~ ©@ta:itH!tft~ (;.ll;~@;l;:' WJitlil. th® 1:IDWa.1::taJ:}1,~@ tf'@c, 

qu.ir~1u?cr01t~ d@rtt~!:'.tm@ tr~ ~~~)1' @f il'J¥fi®p~kl\d®~t p~run\;ltc~s ID@:· 
( i - -

&@~~ ir@m' ~tiI@ ~1@,~;:.l, tN$DlJ~:ll.fil @f (\;b@ ~~~ 
' . . ,, ... ·' '" . ,. - ' 

~~ lk!}t m) @@m@it~ tfa@ @rm3~~ ~@l) @f; X ~mM~ @ll®!B© 

0.@. - ~1' \YJ~OO 1\~· ·.tt~ .l\;(!D) ful\\i;~a©it®m ®1tit\ {\;~ @~~Jl@«m® 
' . . . . . ' ' •. . . 

~~Alil©@ i~~ @~~t:11.@. ~@~fst~i!\/:11 @~!w 1th@ ~@h:~®i\V?,©~1~ ®if 
• f e• < ,M• ' ' , 

' . ii\~@ Jpi@m@ Ci®@IW'~o YI@ m~.1"®@ th® ) ~ J) Scru~~1"~ t@!@f!}t)!i1U~x~ 
' ' ' b• ~ 

~~ c-~ ·~@@{; 0 ~lk'@ ~@t,;@J1Jr!t:'®'il~@ttJ1(ffl) ~.41 ~~ n>a<al!Qtin ~~ 
~ .. ,, .. ·' ... .- , .:: 

t~9, th@ al©Qt~1~ erd ttlit@ ®~~~ ~~~la\(~ @f ~$~e If@ ~ 

m:®Ji© (tl@ifimi'4}.il.@1t u @~1©\<:n? th® @rmnpt@m @ff@@t on tk~ pr¢>1®:'ID~ 
~". ". ' ' 

Im . th1&3' @a~ WJ@ ~ ~~~@ ~@ ~ro,.fi~ s~atrix i@ 4e~1~ 
...'.' ::....~- .. ;;' 
i~-~@sl~ 

+ .,-l - -. ·Ir 1r-. ( f. ) 0 f) ···-~ + h ( c ) i p ----- -i,. h 
! I I . ,, II I ' ' ' "Ji?, ) u ' ' (&.oil). 

+n-- op(S0 1L op----oo(~,:,~)i ,YP·~ on 
I,, I I " 1,.,1:,'' u. 

+ ~ ~-- r P < s 3, > , 0 P --- r P· ( 51? ) l ! P -_,_ x p. 

(~ @i~~a@ ©t ~ ~1~ er® gj,W@ffi} ~ i~@ ~)r.@tSl> ~ 

sbfl( '~~ sk:,) .. 

lJf \'i1© <i\~ ID,@~ ta!l~ int@ 8.(H~~i ~h@ Jl.$@~@p1C inwe-~~~O@ 
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it is necessary to introduce another unita:t'y matrix, 1nvolY1ng 

for the processes including the Compton-effect on the neutrono 

The unitary conditions make it possible to express separately 

for (Aol) and (Ao2) 6 independent complex 1v.ant1t1es S IK through 

6 real ones by introducing for instance, three pllase sh1fta 

oi ) at -. d3 and three mixing parametera lf , 'i' , e • 
Then 

21'51 2 . ~io· · 
511 : e (C01l(>CQ~_:!f.-:-.C0.18 :S1nlfoin4J) +B 2(jin'fC06tyi-C0101inlyl01'f)• 

+ e,?. 183 Sint!9 Sin2o/ 

S caSf . · . . 
12 = e. (C01'fC01'Y-C0585tn 'f s,nr)( Sino/ C()j lft-C01 e~in f CJ)j lV) + 

+ e,ii ~(5in'f'C.01<p t- CJJ:505in'/'Co'1'f)/Sin'f Sin lj'-C018co1<pc.o1 \j') -

') ~~ 2. ' . 
- ff, -- 51 n O sin lj' co1 lf' 

~~ 

'·· 21Ji . 2i~ · . 

513 = 8 _ ( cn1 lf en~ 'J1 - co1 e Sin 'f Si.n 4') SinfJ Sin tp-B 2(Sin lf co◊ 4' + 

+ CJ)!, e Sin lJ' Co:S If) Sin a w1 If+ rl.,i 83 Sine C.01 e 5; n 4' 

2i<l1 2 2,8 . 5?,, 2~e (SinljlCo~lf+C0~85inlfCO~'f') +B 2 (51nlf5inf-

- , ciJ'3 i:! l 
- Co~ 9 CO.lf 005 4') + 8 · 5, n 9 C05 4' 
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S23 = 82-
161 

Sin 0 S1n f (S/n o/ Co1f + Co~ 0 51 n tf CD5 lfl) + 

+ e 
2

' !J~ s, n e CO~ 'I' (co5 e co1 'I' co1 'r- ~in 'f' sin 'f J - e 21 ~sin 0co1e c.o? 'I' 

2 1 d1 2. i J 2 2. 2 1 d3 2 533 = B S1nee Sin'lf + B c Sin f) C01 lf -t e C01 B 

N:glecting. t~ r,act;on~ w;th, r· -ray• :l!.eee 0 ii <l'
1

3 = B :: o· 

only .. S;!,1 l S _; 2 , ~n4 52 2 a,r• .4.~:f~<erent f':i!:'.011 zer@L and the :fu111ar 

expressi~ns may .be ~btain~d. f~a (Ao.J) .. for the ele»1ctimt1> .· of the 2 x2a? 
~ < , _. 

S - ma tr~x 9 i' -: 1__.t ~•ing th<t ._mixing. paJI"a11ete:ro Th@ q11llantftt1' 0 
• • ~' :. ;, ' e" > -~ 

©hara!Bterizell the <1tfti_c1t of thtJ radia/tion pr\flcess~~o 
' . ~ ': : , ,. " ' ' , _-. ~ 

Ins~ead of 1ntroduc1n& (the r®al) pma.s~ ahifts and the ■1x1•1 

parameters one may do,1t bother wayo Th~ un1ta.r1ty conditions may 

b• tised-.in the f;o~m @f th~ optical th~@r@mm generali~aticoznll'19lBI 

to determ1n@ the @o■plet® e<trlt of the exp~iIUeIDrta 1~ b.f am@l@Q t@I 1 '1 -
in the presence of ~M7 the elastic s@atterinso Th~ wmita,ry condit

ions ma.k<t it p~as~1'Jle to reduce the numb<flr @f n~c~•sary experiaents 

(from the stanli?oi1a1t @f the ~ompletce.J,y ph•ncmenol,ogi©~l ahlysi.s) 

up t~ the total nwnaer oft{;.#;?~ ind~p~~d~nt t~rms in th• a•pli

tudea ~fall the r•actiona which the unitary S=matrix inw~lW~5o 

When taking into :aoc~unt t;h! ra.iiatio~r@~flss•s illl the •pli.tudes 

<1"! the aes·~n nuel•on scattering there a.ppttar ths is®t&\pieall;r non= 

1nvaria&t ad41 tions a.n4 ._Ml the ·g®n~ral ca.s~ th• -nu■ber of the t1r■a 

r1aches 200 Assu■ing the matrix el~■®nta for th• phot~production 
' ~ 

and the Comptron effect, t~ be. proportional to f?J · ~nc! f!- resptct1-

vely and expanding (AoJ) we obtain that 1n the process•a of ■eson. 

scattering the taking int~ ·account @f the radiation processes leada 
. ;:, 

t© small ~orrections (~f the order @f ~~ )o W~ shall coasider 9 th1~ 



.. 1, = 

!'®for~,, th• pM~~* 8, · u.t 82 . o•1aoitiac •~th 1•aee11 JI ... N •~a.t= 
teriag in the atates ¥1th tile 1•o.tcp1o •·1••. T = .3 I 2 &Bt ·y ~. 1 

/ 2. 

r®sp•ctt.Ytil,J <••• Appentis ul 20l )c, Oa tb~ ot~•r. ;~ th• •ff•@1t' 

•f n N attatt••t•& • elaat1o ••&lt~•1•& et . '{ rq,a •• a ~ufll@J.@l@ 

1• fo•t t<t b• co■parabl• with .the Mgatt.t• .. et ~h• •Jl•lt1 t1ff<1teto· 

StllMl cons14ffat1Ma ooaoaata1 Ille ·t•onaae ~:f ·t• •-~~ 

@t thti par&Mttir• in the s--trts ~- ·,1~111, 191 21 •2~1 e, T~•f~ ·.; 
r• th•7 U'@ •~t tia~8sa•t kff(l)e 

!b• <IQrll•lilM for th• •• ,11, ... et , .. c-,,. •ttHt (11) .. 
5' 

A -~• o, 1• uttu.r \Ollllll, applfniliat•l.J •1••• t• ·1u, ... e,·tlle.•111lt.ll.ul4.l . ~ ', ' - ~. ' .. ,· . : ... ' 

ait• d (20) 1a t11•l t@ ••roe Howne, tu lillltatt• .,, .. 

J rn [ fi\ ( 0) + h12 ( 0 >] << Re[f?1 (0°) + R
2 

(o0 )J_· 
' . 

II alw'lllt ll<t not•• ill ... 1 .. 1 .. tllat ·-· ta,.thc iat• &®C!Ht)~f.; 

tll• ctlftUi4c~at1@11s <10lll~t)!'llllq tile laetepS.11 iaYarlanei• the 8&N pl!\@.,:;(zl., 

.t ]t ·" N a<1attN'i&g tinter into tll• S .... 11-1x t• th• C•pt~mi 

~ft•~t • the ••••••o !hta S!Yea •• te •- aS.1111ar1t7 1B t~~ 

CNpt~ f;!l'f'<ll~, ~II the ·••tr• ••• • 1a.,1 •••• ,,.:r1aa •f i ~fil 

@lll tk• llft>t<tlllc, 
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