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Most of. tJ:~e paper's concerned. w~th . the· investlgation .of the- asymptotic pro- . 

'perties of the matrix elements ai'.highienergies start either from some:seml~he~O-
, ,--.. • ' { \' . _! / • 

menological assumptions,; or rest' o~- '·some ;particular hypotheses •. So, .-for' i~stance, 
in p~pers' .;;f Pcim~ranchuk . ~t al/l; 2/ i~-· is, a~sum~d ( fr~m' ~~ ane;_lysis •of' th~ ex-

' . . , ';I ·' 
.perimental data). that the differential CrOSS.'_sectionS for, the Charge' I exchange 

. ~cattering: processes vanish at high 
' .' \. ' , \'. · .. ' . . ·, 
~nergtes._' In some pap~rs the hypothesis·· . ' ' 

' about the' diffractional- character of elasti~. scatteri~g~at high en~rgies 'is sugg~st-' ' '- . ,. /3/' ' ' . . ' \ . . ' ' 
ed, ( see e.~., ) • In .oth.er papers/ 4/ . an ass~ption' is ma.de about the -~xist<~nce 
of newproperties Oftsyrnrrieitry ,in· strong interactions,,which must~ b~ derr:om3trated'· . 

. '· oruy 1a_t e;,_e'~gles ~~ch hi~h~r than particle ma~ses. FJnally, one sh~Uid mention. 

in' this cormection the pa;ers in' which it is' postulated th~t the asymptotic beha-

viour of the scatter~ng' ainpHtude at hlgh energies is dete~mined by one Regge polJ 5-?f 
' • o' ' ' • \ I • ' , : ' " ' \ <' •! 

The; validity of 'i'ach of' these' ~apers . dE!pends. on' the. results ~of') its ~xperimental 
r • • 0 • - -

·verification •. It experiment ·confirmed the predictions contained in- such papers; thiS 
~ I, •. , ~ , ~· /, ' r . • :, ' ·. / , ,I , •· , ~ ' ' " ' ·~~ ~ . i ··, C ·~ 

w~uld mean a di!:!.c~ry 'of _some· new la>;r~ in strong interactions ,and 'therefore ,. -~· 

would be of ·great importance.· .On the. othe~ hand, .the experim~ntal. refutation of 
I • • .- I I ' ' .- • \ - '· \ ' • - -· ' ' ~ • I ) . •. . . . . - ' . . . ; 

, the ·assumptions . of any, of these papers, would -not be :of great int~re~t, since I· · 

this ·w-ould ~ean _the rejecti~n Q[ 'some particular hyp6theses or the~retic<il' specu

iatibn~;, but would not·. break ~~ OO:sic prin~lplE~~ of quantum ~eory. Recently the_ ' 

s~cond te~dency.:..the t~ndency t~- a . ~efutatlon,Js rather to ~e obseryed, : (p'articU-

l~rly, '~is ~o~~erns ~e h~othesis o~-cmly one.;R.::gge pol~): ,It !is rlatural that ' 
.... . . .;.· ' • ' / . ~- '\' •' •I.- ~. , 

.-.:·,there appear:s _an increasing interest. to such assertions which are .deduced· only·· 

·~···· .. from~ the general p~inciple~ of local• field ·llie~ry/ 8~ 9/; · · 
•, • ' ' -~ i '-

'I'h~ purpose. of" this' pap!?r is to obtain' some 'rigorous asyritptotic relations 
' ' ' ' '.' ( _' ' , ,\ ' ( :· r 

betWeen the observed quemtities at high ~nergies. 

, It. should be re~effibered th~t amOrig the' IJa.sic ·postulateS ·'or ·re~ati_Vistic' qucln-. 
' ;, ; . . ' ' ' - ·,' - -. . /. . .... ' ' '. ..-/' \ . . ,·.. . . 

. 'tum field theory' such as: · invariance under the inhomogeneous '·Lorentz group·,· 

e'x.isten~e of a. ~ompl~te systEm: or physicai states ~ith positiw ~nergy_ a'r1~ micro

. 'causality, there is· an -aslumption ~f a;mathematic~( nature':. it)s r~quired .. that the . 

elements of the s~atte'ring matrix sh~~d be 'tempered disU:ii:)utions .· (see;' e.J.!0•1 1}. 
The ~p~rtanc~ o.f th~s requirement~ which ~eems purely. formal ~tu.;.;, fh-st glance 

,, ' . ; . . . . - . ' ,.. ' .. ', . 
is ,tmderstood in studying the growth of the. analytical continuation '·of 'the matrix 
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element;; ·in the, momenhml space;. It turns· out to· ,ensure, e;g,; th_e polynomial bou~-
,, . ' ,, "' , ' . ' . • '• I . ', /. J' 

dedness . of the -Fourier transform· of the .retarded· amplitude . throughout the region 

:of :nali~~ity ~of thi~ fu~c~on ( ~~e, 11/ • theore~ 1 l· .'The~~eakenihg of. fui~ requi~e-
. . . ' ' . -. -. . ·. ,· ' ' ': ' .' ; •'" - . . \ .... ' 

, merit _leads-to_ .the· fact. that the analytical continuation of. the' matrix elements.·:in the. 

momemtum s~~ce friayhave dny ~rowth (for instance, ex~onenii~l) ,;hat w~~d 
cor;espond to;a nori:-re~~~~~Iizable the~ry .i,; fu~ -Lagr~ngia~ f~rmalismx/. At th~ 
s~e tim~ it is not at all ~bligatory fuat S:uch ~n i~cr~se. would be obse~~dfc:ir 

, . . "•n. __:~ 
-the c~oss. sections <;Uong ·the real axis -~as it' might seem in studying the 

term ·of the perturbation theorY- series which is growing·.polynomially atong any

directio;.; in ~e co:nple;: en~rgy p~Cl~~.- ~in~~ :the infinitY i~' this: c~s~ is an ~s;,~n-1 . • . . -· ;· 1 • -- ' • ., •• ,,. 

tial ' singularity·. the_ . ~rripiitude -rna~. gr~..; exponentially Cllong -som~ directions; r~d,cii~ ·, 
' ·, • • I • • \ • ,'\ • ', .•,, ; \ ' 

. ing. bounded along oilier _ones. . <· 
- - _·_! 't . . . . . '< -· • -_ / •• -- • •• " ' 

The as'sumption :that~the, matrix elemen!s are t~mper~d distrib~tio'ns is inclu-
: . . ' ~. I . .._ ' ' . ~ ~ ' 

. ded_ into. the- basic postulates of lc)cal field theory becau~e one· cannot obtain, · -~ 
without .l~ing this ass~pti~n.' the' df~per~ion r::·latior:~- -pr~ctic~liy~~~: o~y cons&' 

- . . .- l . , . ' . -· .• I . " . , • . . . . , , .. . . ~ . , --. \ . ·_ . ~.. . 

querice from the general'principles. of- relativistic g.uantUm 'theory which 'can be. 

-~~~~r~entlill; checi~~ci; B~sides, as' is ·p.;i!'~ed .~ut 'J.n/ 81, t;; 6rder,to 'c~:t;pe~sate : 

the <;>~p~nentieu growth_ of the ~;nplitud~ i~ the upperhalf-~~an~, of'·the e~e_rgy E,.:it:-
I -~. ' ',' ,' . • '::; - , j '• , ' •, , : , ' '-~ I . • . '• , 

1 
• ' ,. ' ~ 

-is' necessary_ to introduce a.fa·ctor of;the iyP.e' 'e1•B ··; .wnere me ~ositive cons-.· 
• \ ' -:. ~ j'' • \ , J ;-. •I I -'<"' ' \; ',,"-· ' ' '.: • •: < '\ <. '~ ,: " 

. tanti •a. .fias.· dimensiop..·· of .length' and- may 'be- interpreted as. a ,ce~tain- measure 
' ' -~, - ' ·,' \ .t ,- ~'. ' .~-- ': ... · . ' ' ··: ,__ •: •. _-. , • J 

of. the. nori-locallty' of the theory.('! elementary length").:'·~: 
_, -- '. 

If the'g~neral' p;iridpl~.;; of the ib-=.1 theory are supplemented b)r the physi-
) ..... '. ·, : -' ... ; -\·_; '··. ' . ~: .. ' ' • ' ': .-: • . ' . - -.. ( - .: ! 

·.cal, assumption}~at, the -scattering· amplitude does not o~cillate; but has a definite · 
.', '' . '. "' ~ . ' . \, ' :. . . . . '.. ' . .. ~ 
g~owth ( e~g., polynomial or logarithmic'),: when )pe energy tends to infinity at fixed 

-~om~nit.ury 7 tran~fer; then i{j~ pGS~ible tb· g~t a rnl~b~~ bf ,as;mptotiC ~eia:tion>'> .·. ; ': 
', ·.· _-.·, M,- -~->,··,., -.. -.. :.. -~"-' .'-. _:-~. ,, ,·,'I·· .-._._ \"' ·. -_ \'.' - '· . . .,_ 

between the matrix· -elements; for' different processes which. can.· be- verified experi.., 

men~y. The !ir'sCrelatlon of such a kind rthe .equalitY ;f the total cr~s-;, ~~~ti.;~;,;: 
~ f~~ particle and antip~rtidle :interaction at. high 'energ-ies - was C:bt~iri~d by ~om~ . 

~a.nCbukJ. 12/ ; Var~GliB. • ~~~liz~t~o~s 
1
anc! . jlc.tstllicati'?n 'of • ~~ine:anchUk' ;;;. statement 

.rna;; b<c fGund iJ13- 1~/ :~_f. ,:,!rnple .;_Aci';igoro~s pr?of ~f tl'lis-'state~entunde~. mC>re 

genera:r a.ssumptio~s tha~ ir/ 1,2/: w'as. gi./e/. by M~;,a'n/ }-?l. ;~.the bcisii3 of Phrag-·, 

' . m.f~ L~~del8f' s the~re~ i~; th~. th~o~· ~f ~.;alytica.i' functi~~s/ 18~ 19
/ • .·. < .. · . . ; . ' . . . - ,- I 

In. the present p,;_pe~xxf,~~ Phia~~J'r-2 Lin'ct~iofs 'fu~orem is~ used to establi~h 
a number of asym~toti~· relations' not only behvee~ the v-t~tal but-~lso be.twe~ri,'the 

x} S~e<dis~ui:sion OJ this problem· :L.J9<· - . - · - . ·' . 
:Xxj See' also 20-:22/ whe~e\a part of' the results discussed here was\ obta

'mect. ,we review here som~ earlier. results in order to' make·. the·--pres.;..;t paper u-;: 
dependent ·.of the previous publicatiot:_s of the authors. · · ' . -

;" '(. 
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.1 ~ • < ,· ·-~ .' L" " ~ - , • 

differential . cross sections for. different; processes; as well as between·; different 

po~'ari;;ation 'eifects>In' Sec ... 1,. the,:c~a.r>particle sc~ttering~is taken as an .exam-
:::: ~ ·': ~ . "'· . ' . . '.'. '<" '• / · .. -, . . :· . ,J' ,. '. ~· •• ; ~ ' - .••• 

· ple'to illustrate in detal the method of1 prOGf. 'In particular,. the-equalitv of-the'.dif..:. 
~ . · .. -.. ~··. __ , _- _·, ··-~ .. · ._. ~ :- ·_-_,_.''.· , ·xf·.' ,. ~ 

· ferential cross sections for particles and ·antiparticles. is. established. In 'the. fol-

lowing· sections' the method -described in :sec.1 is applied to _the study· of more· in-
... ' • \..J ••• · ~ ' ~ ..- •..•• ·j. ~ .•.••• - •••· - ' ,.· •• _._ ~ . • • ., • ~ 
tere,sting ~~es fr'?t;t the phys1ca1._pomt ':f v1ew:. scatter1~g of parhcle~. w1th spm 

and form- faCtors •. 'The main physic~!· results are suminarized in -Sec. 7 •. 

' i. 

. . . ,• ' -- . 
I• 

. 1. ASymptotic P~operties of the Scattering Amplitude' of ' 
· . __ · Scalar Particles 

:1. i>hragmln- Lindelofs . TI-ieo~~m. a:~~ 'i,ymptotic Equali~ of Differential 
' _: · · ·- Cross Section', .. 

Consider ·fhe related pro'cesses _of scalar particle -scattering 
' . ,, . \ _.. . 

J'v! 

''-',•· • < ,' '\ I 

a + b.· ·• a- +. -b 
I; 

and" 

1 '1 2 2 
,'-_ 

',•-

·a2 .. +~z·_. a . + 
1 

b • 
2 

,·, 
· .. I. 

I 

(I) 

'•-
' (Ii) 

---; 

',_ 

.,. 

• j•, '.•· ! 
; ' 

.. l ,. 
I,.-

l ~. .: 
'"~-~ ' 

! '> 

.; 

. ' 

'~ ', . ' , ·, ' .- • ', ,. ' j - /' I• 

': where ·the bar. stands . for· the transition to the antiparticle •. Let / q and ;· · p - be. , 
' "' ' ~ . ~' . . .•. : ; • \' ~ ~ I ~ . t . f I 

1.~ ' . : ·- - ' 

the momenta, of particles , a .· and1 b · ' at .the, beginning of each .process while 
I I ., * • ~ , , _ • ~-. _ 1 _ - • , , 

, q and. p. : be their momenta.'. 'at the 1 end· of, the 'rea:·ction; the masses o( the -
2, .

2
. •, I > •• • ' ' , ,' '• , 1 ."' ; , :I, " •' .' 

particles a and" ·b are ,denoted by.' m arid -:M _( q2 ;=m2 ,.. p
2 =.~M 2 

-:: in· 
_ . . . 1 . 1 -_ , I , . - I / ,- 1 . 1 - . I 

t~. pr~cess (I), .. q 2 = m 2 ; p2 .; )12 • in. the" process(Ii). ',l'he' differ~ntial cross 
. f ,. ~1 , J , 2 • -I:.. , I ·' ~ • -
. ~, sectio!'l·. for. process (I) is expressed in terms· of the· invariant. amplitude 'of this 

... '· ' • ··' • ' . • 1 ~~"' - • -

· ;:process as 

',' 

-',;; 1 rS.t) 
dt.-

----~;~ 

,k1 k~_· ·an, 

,; 1 1 . 
64rrsk• ·1 T. ('s,t) 12 ' ( 1.~) -~· 

1 

',•'• 

'/ ...:.,-

I .. ,.' ' ·. .- ·. ~ > I -•. ' • . p /; k 
I 

' ',' • -, I • ~ ,·, ; "· 

.are the magnitudes~ of thf! three:..: 

. ~;-

. Here-, . s ·= ( p +. q ) , - t' = ( P1 
- ' , I ·- I ' - 2 \ 

dimensional'. momenta· in the c.m.s. 

'. 

. . . \:" 

I.' 

.... ,. k,2='<L [s2 -2~(M2 + m2 )+(1.f
2 

·I. .4 s _ ," , I . ·I , •· 1·. 

-.· 2 
m

1 
) l-. 

!'"' 

A similar f?rmula .·holds for the· cross section, o( process (II) either. 

" ' The amplitude' of p~ocess (II) is connected, witn• the amplitude 
• - ,- 1 ' ' 

· r~cil " 
:,;,_;.d t -- .by the c~ossing symmetry relation 

' ' - . \,__• 

,., -· .. ' 

( 1 •. 2) 

'z 
1 ( s,t) for 

·.~ ~ 

. .. · x/ •,A"pci.rt .of the' 're~ults of' fuis section 'was ~b~ined _in;anoth<?r ~a; { na-· 
meiy· by· . .a :g(mE!ralization of Pomeranchuk's- methoctf 12/) in' a recent paper by:. 

'.Van Hove/ 23/ ; In/ 23/ i"cmly 'scalar- particle ·scattering is considered and it is aS
sumed thaftne - scattering amplitude _behaves as s . at ·s .. - ~ for- all fixed' mo-
mentum transfers f 

0 
• • > , ~ I ' ' 

" ' 

5 
,·1 1: ,· 

-, 
''· 



< ' ... '~. 

'. \:' ,/ 

',,. 

·~· · ·zr·· · 2 --
1 ;:z, .,_. .2 · .-_. · 2 ~ :z 

1
::· •• ; 2 * 

• 1 (s, t; ,.M , m ; M , m ) = .r! (u, t; M , m ; !.1 , m ), 
1 ' 2 2 . 'J • 'I I 1. 2 I ~ ·2 

. : ·,. -~·· 

-(1.3)' 

\ I' ./, 

{the star designates co~plex conjugatic;~). Relation 

.·I 
,. ., - I .! 

( 1.3 ) is readily obtained fr'ol!l. 

the equ;uity 

.. ·u.··· ·· .. '2 ;.;
1
2· 2) · 1 1·(,':·. ,12 2 •• 1 2 ·· 2 ) 7 ~ ( 8 ,- t 1 ' M , m , ., , ~ e; . u ,. t, u , m , l' , m 

• • ,. . I_ 2 2 I . · · t ·1 2 · 2 
( 1~4) 

.1. ":! 
. i 

valid . for_ complex 8'~- and: u' I' 

•.',-
Let us . assume . the masses and the . int~ractions . of ·particle~ 

' ' I " • 

m and .l! 
I I 

be su~h that 'one would· be. abl;;, to deduce, 'froin .the principles of the' loc~l 'theory, 

· th~: a'nalyticity oi the- a~plitude:-T l ( s, t) for fixed _ t 
• • i L ' • 

in the complex s pia~~ 

with cuts alpng the real weis •. Besides· these. cuts, the amplitude: ha~, as a/rule,'. 

a finite: number ·o( poies ,along the real axis s· • -When one 
' . ' ' •, .. ·): ' . 

asymptotic; behaviour ·at. s · .... it i~ ;convenient• beforehand ,to 

investigat~'s· the 

~ubtract ~he pole 
v ., ,. ' ' 

terrris f~:om the .amplitude;'these.·terms.•have !he 'well-known asymptotic-behaviour 
'I •. \ ' , J ' ' ' ' '·, • , • ,. i : • , , ' ' ' ·, . , . , ' , : ·~ . I . ! J • , " ~ ... 

:1.1 s , · • Ir1 what follows . we ·shall denote . by 7: ' ( s, t) . . th'e ~ amplitude with sub- . 
• ~ , ., > < • \ ' • \ ' • ' • 

tracted. pole terrns. . , ·' "· .. . 0 .. -. - ' .... 
In order to cover a suffiCiently large ;;la~s o( amplitudes_ which ha:w _a, 

/.... .' .· . . . . . ' . . \ ' ' ·, :''-. \ . -. '. ' ·,--\ . .' ., ·.''. '\ 

"regular" .. behaviour; :we. introduce ,an· auxilliary .notion •. We.·call.-the ·function ·q, (s,'t)· 

·admisslbl~··if'atffxed .. . t (fl;om'~·~erta:lninte~al) the·funct!on' 1/<f;(s,t) 1). is 
I , . 1·1 1 

.' analytical and less , than any. exponent . ,; e' • :, <>o · ;· at s .. "? 1 in, the upper 

half-' pla~e, 2)' is ~~~tinuous alon~(the real ~~ii and,' 3) if - ; >. _.. 
' ' ~ . ' - ",..' 

·\. 
' ;..../ 

' ( 1.5)' (. 

- -. 

lim', • · ¢'(s, t) ·' 

.s~~ -' 9(-s, t) 

, ; 'e_·,·rra(t) 

.' .. , ·' 
,' 

,wher~' ,-a.(t) _ is . ap. arbitrary real .£unction. An e~ample of,_ admissiJ:?le function 

. may b'e gikn -by . '· :,,. 

L ~ 

. , .•• act) · .. · .• '· '{J(t) ·~ - .• y(t) 
¢(.'J,t).=(s+-z) . , [ln.(s+!)] [In In (s+z)]: ...... -

, ' . . . " ~ ~' . ·: 
' ' ~ . I. 

whe'r~ ~a,(tT,. · •, ~(i)' and 'y(i) 'are real:· " 
.l,. 

,c I 

·,·, • 'I'he ·to,llowing _theorem holds:_ ' ~ ' 

;\.·, 

T h e o r e ·m·· I. ~t; f~r' fixed. :and :tor 'some choice of the admi~' 

sible iu~·ction· ¢ ( ~~ t). • there exist :the. finite _limits 
I , -:-·· . ' ... 

. T 1 ( s, t} . 
7i -:-;;;t). (1.6) 

'1 
. v-:(t) 

Tl(s,t) . ---·· 
¢(s,l),, ... ~ 

' . ' 
v 11

(t) = lim' tim, ... ~ '· 

;,, .-, 

't \~ · •• 

', _,\_' .( 
-:; l' 

. 6 

'I 

l '.:'}' 

; 
I· 
i 
'' 

.... 
~': 

•, .. .,';· 
:,,, . ,· ~ ·,'".•'.' 

•''· 

./ 
' ·, 

.. : .' · Then in; I~c~ field theory, these limits coi~cide 
:i ' ' ' 

(. . . . . ~ . . . ' 
:' 

···' ·r 1 ·' · rr. · .... 
V ( t) = V . . ~ t) •.. (1.7):· : ·~'' 

~ ~- -~ / . ' 

'Hence the· differentia( cross secti~ns for'processes ·(.I) and ( n).:at high,energy 
-·,........ ." ' .. ' ' 

·are .'equal 
' ' 

_lim 
~ ..... do

1 rS: t} 
dt-

' . -t 
(cbll (s, tl l ·= 1 'or· 

dt 

~-

':lt 
. ,da11 (S, t)' 

dt ' 

Proof~ 'In virtue of the. assumptions coricerning 'fhe amplitUd~ 
function·' 

<· 
'' ... 

·' 
V (s,i) = 

11
(s,t) 

¢ ( s, t) 

;.i_ 

' ( 1.8) ~., ·.: .. 

'T 1 rs.'t).· 'the 
. ' - ' ..... 

( 1:9) 

· · · · ., . <I I 
. is analytical a~d does not. exceed any\ exponent e· •. ' in the 

i ,. ' ,· . ' . 

and 'is l?ounded ai~ng .th~' real :axi:;",• Besides,~ it .follows from 

~ppei: half- plane· s 

( ·1.3) ·~. ( 1~6) -that 
c • 

/, ,'\ ~ ·-;, 

-' / 

lim 
.,_ ;-

V~(t) • lim .V ( s, t)' .. ' 

,;, 
' yll(t). (L10) ,, V( s, t) ., "~ . / 

- • ...,. -oo ... ~ 
. . ' '. ' . :' . ·~ .. ' . . . . . • /17:..19/ \ . . . 
Therefore; one may .. apply Phragmen-Linde!Clf's. theorem. .. , which may· be· 

• ' ·,. ; - ·"! - . ,, • ' 'I 

stated as follows; .-. .:. 

T h e' .o r e' m ·• 2. I; Let i() 
z= r e · .. , l(z). be an. analytlcal function. of' 

.- I , ,. . ., .- . 

which is regUlar in the' domaiu' D c,;nfined betWeen the two rays . r 'and. ' ' 
. . . . • I I. .· , ' '·I.-. , . -. '·. • .-,_ 

T · . which -form the ·angle· . 11 I r · > with a vertex_ at the · origin; · Let further ' 
2' ' . . - ' ' . . . ' • ' -

/fz)'_be,bound~d on.th~!;le·rays·( \l(zJls c 'along• r; and r.2 ). Then 

. th.e tollo..:.~g, alternative takes ~iac<::. either . 1 ic~Jl:S. c at ~ll the points C:.,f llie 

:domain ·.· D · . ,. o~ there 'exists .a .sequence ', r, tending to intin:ity ~o that , 
.- ~. . . ' . ··. . '' , n-; . . ' . 

.-
,,.· ., 

' 
4, 

\: 
./ 

"' • ~ J 
M(r)= max'' lkr}l ·~ .e~ (~•r• v > ·o -~ . ( i.11) 

- '. l~f~ • ' 
. n 

~ :: ) . ., "· sC D 
~ 

'!f,· on '!he other. hand, the magnltude__. ... I I(~) I '. ~s less. than any kx~opent in the

_a:~~le .n' ~-, the'n the first possibility must be reaHj;ed, i.e. l(z) is b.:.,unded:' 

t~o~ghout the. don1ain D _ by a con~tant. 
... 

., .-' ' 
ll •. Let the function w ;.'i(z) be 'regbll~r and bounded fn the'' angie' D 

We cte~ofe by, E; , i':'1,2 the' se; of the i~it :p;.,ints ~of- w when z-.oo ; 

the ·ray.T;' .~Then, either the·.sets- E
1

. ·.and. 'E~.:. ,haw a common point,'-

along 

-,_ ·'. 
-... I~ 

7 
._. 

I ' 
.i 

\,t , .. 

J. ·' •' ·' 
\~ ~' _, 



/ ·,:_ 
~ ~ i' 

.,·, 
; ~ >/' 

'. - •. ·. ' " • • •• 1..,- . . • ' • • 

or one of them is around the other,.separating it ther:ebyfrom_the circumferenCEl I w I= c. 
' • 

1 
' ' • ' <, ' • '.... I . ~ \ ; .. . T ' • " ~ ·, • ' ' 

· In pa~ticular,- if th~re. e-xisfc'finite .limits · a
4

. .and a 
2 

~vhen .. z-+ oo. ~alon.§. 

r ·and' r ,'ihen a "; a = a ; arid f(zJ-+;. < U[Iiformly ir:t D When 
~1'-. 2· 1. ,z .--·,\ 

z .. 00 •. 

. ' . ·.' . .. l. • . 
The function ,V( s, t) . ( 1.9) sa-tisfies' all the ·conditions. of theorem 2 ( irl our . 

,,- .'_' • I_, ·.• -,· '·· ', : ._ • , ' _' -

·.D.; · is the upper half- plane s, ·· r = 1 ) • As far as this function is boun:. .case 

. the limits ' ( 1.10).' hiwe to coincide. Thus, equality_ 
. ·. ·: - ' \ ,:. ' . •.· •' ) 

ed 'by· some -power of .. ·' . . - . " 
( 1. 7) is ·proved. · 

.'' . / ; 

If the. rejected pole· terms decre~ie at . ~ +;., . quicker than' the .function 

r'~( ... t) . 'itse~, then at s .. ~ '~e- forin~la' ( 1.1) .remainsy~lid f~r thi~ pa~t; 
' ·' · • ·· / "' : • !\ >- '., ,.. ' .·' I ' '.' I "' 

.·.of the amplitude' as well. So1 ,we obtain the asymptotic equality ( 1.8) between the 
' •' • o • ,· ·( '---"' '( ' ' : '• • • . ·,•' ..._· .' I . • ,, . ' ' ' 

differential cr~ss sections:, If the amplitude behaves at infinity as 1/s 'then, 'a 

direct account of the pole te~ms shows that ~~uality .( 1:.8) ·holds true .al~o f~r· 
' . . . ' . .. ' '- .,, 1. 

this case~ .Theorem r is ;proved.· 
• j ••• '• 

-), 

'· 
';--. 

; ' 2. ·. The Qlse of :Elastic · · Scatt~·rini ·· \ 

~~\/ ...... __ • '.' • ::· ••. ··,· :.~·~ .. " '_l, \. 

. ,. rn:'the;particUiar''case 'of.ela'stic scattering.(in'.this case ·m = m = m 

'I 
I· I 

~ 1 ·, · • .:- : :·,.,, \. • • ~· ·' ~ , · , ··~ • , , ' _1. ,• , 2 '· ' 

!f =··~i. '=: M · ) ,the corollary of theorem· I about the.' asymptotic equality· of· 
1 . 2 . _. . ' . . ' . ' ' / ·.. . ' - .. . ' ' •' 

fue d~ferential cross se_ctions may~ b~ ~btained. fi .;...,eak"r, requirements, are j;n:.· 

. ·posed. 'Let· U& assume- that~there exist ~nly the. Iiffi'it;, , ·' ': , 
. . -:. -~. _:, ·'· . ':. "' .. , 

.\ ' ': i 2 . 
.lim 64 rr s kc. J ·1, ll,- (1.12) 2 

da ~ (s, t),,; [ ai (tJ] , 

;:. .. ~ \ "' ( s,, ~) 12 'dt 
' · ..... 

-"\ ,.' . ,/ . 
/ ,."· 

and that; the imagi~ary part of the 'amplitude is~·no'n-n~gati~e 'tor small t :and. 
• , '. r' . ' 

' 0 ' 'J'hiS SeCOnd . ass~ciption. seems' quite natural in view 'Of the I f~llOW~g · 
- ' ' . ; . -· . .... ' '\' - \ . ~ ,. ~~ . - . ' ' ·, ' ,i: . •,' . ·:- ' ·. ' . ' 

\ ,,• 
· .. s .. 00 

/j, 

·f\ 

heuristic argument. Owing 'to the unitary condition: and the . positive definiteness 

of 'the met~iC_u-;, the Hil~ert' ~pace, 'all~ th~~ ·6~effi~ie·n;s film 'i 1' M in 
1
the ~~pa~. ·f' 

"' . . .. ·--- " ' f.- '· . . . ., 
~·_.sian ' '· - ·. ,~., · ·'" 

•. 1. ,· 
lm. Ti (8, tJ .---,.- ';:B'rr vs 

·~ {2£+1) 
e;;· o • · • 

.. ,. 
1 -·. . 

Im I ( s) : P .(1 +, '...L. ) 
, f • .. ;L. · 21( :, . (1.13) 

\ • ' . • • . ,t ' I t ~ ' 
are non- negative ••. On ~the other: hand~, .. 0 at· s-+ oo and since. Pf ( 1) = 1 

} / 

ea~h term of .the- series' ( 1.13·) be-;.:r:e~ ~on-ne~ative at' . s/. large e,.;ough. 

' In 'the case of ph~sical inte~e~~ the series ( 1.13) 'c~nverge :non u~iformly with/ . : ; 

., '' :res~~ct to ,s x/
1
,, so. th~t we cannot_derlve f~or_n .here that~the.-ima:glnary part' 

>:-f .If the .. se~ies, ( i~13) 0e~e u~if;;ln!;r ,;on~rg,;nt, them . the ~sympt,;tic :be-
haviour of 'the "absorptive. part. at·:· s .. ·.,.; ~ .. 'would _not c::lepend ·on' t . (and, 

. the imagin~ry part W:ol.ud colncid~. ,;:,ith c:that. at . t = 'o ) • '' 
' . . 

8 

. ·, 
'~ ' .... 

;,_ . 

,' \ 
t' -·~;. 

/ 

lm T 1 ( s, t)-'! 0 for large s • But if we assume that the main contribution in the 

series ( 1.13) is given by the terms with f ~ l , then for large k (and f 

p 0+-t-) ~ 
f 2 k2 

J(_f_y-t). 
0 k 

The Bessel function is non- negative for _f_ v· t <j ~ 2,4048 Hence, under our as-
k 1 

sumptions l::n T 1 ('s, t) > 0 for sufficiently small t and large s • We also 

mention that the imaginary part of the amplitude is non- negative in the part of the 

non- physical region t > 0 , in which the series ( 1.13) converge ( because 

Pf (x) ~ 1 for x > ). 

We will show that under the assumptions made the limits a I (t) and all (t) 

coincide. Indeed, the assumption about the existence of the limits ( 1.12) means 

that the absolute value of the function ( 1.9) tends to definite limits at s ... :!:. oo • 

The limit sets E 
1 

and E 
2 

for the function V ( s, t) itself lie on the two con

centric circumferences: 1 V ( s, t Jl~ a 1 (t) and I V (s, t) I= all (t). In virtue of 

the second part of theorem 2 either the manifolds E 
1 

and E 
2 

intersect, 

what is possible only if a 1 ( t) = all ( t) , or one of them surrounds the 

other, i.e. consists of all the points of the circumference I V ( s, t) I =max [a1 (t), afl(t)} • 

However, in the case under consideration the second possibility is not realized, 

since Im 11 ( ·s, t) is non- negative at s .. ~ ·, each of the sets E 
1 

may 

occupy not more than half a circumference, and, therefore, cannot surround the 

second one. It follows that a 1 (t) = a 11 (t) • Therefore the asymptotic equality 

of the differential cross sections ( 1.8) is valid. 

Other conditions for which the asymptotic equalities between the ·differential 

cross sections hold are given in a recent paper by Meimar/ 
24

/ • The results of 

this paper may be stated in the following way. 'Let the elastic scattering amplitu-
1 

des ·r (·s, t) have no real zeros and let the following integrals be con-

vergent 

f 1fn I T
1

(s,t) <oo, ds 
~ 

It (ollows from here that the products rr (s,t) =II 

where s 1 

k 
are zeros of the amplitude r 1 

(s,t) 

] = 1, II • 

1 1 - "fi""r are convergent, 
1 - s 
in the kupper half- plane s 

FUrther, let there exists the limit of the ratio of the absolute value£ of the amp-

litUdes for processes ( 1) and ( II ) at s ... oo 

9 



lim 

... 00 

1
1 rs. tJ 

1n (s, t) 
- y • 

It is. assumed that this ratio is limited from above and from below along the 

whole real axis s by some positive function of • Then y =1 , if the 

argument ( the phase) of the ratio 

1 1 (s, t) "n ( s, t) * 
111 (s, t) "· r ( s, t) 

increases (or decreases) slower ti;lan fn s (respectively, 1/fn s) at ·s.... ; y 

has 'a finite positive value not equal to unity, if the phase of ·this ratio grows 

(decreases) as fn s ( 11 fn s); y = 0 or 1 , if the phase of the above ratio in

creases ( decreases) quicker than fn s ( 11 fn s ) • 

If it is additionally assumed 1) that the function in ( 1.5) satisfies the con-

dition 

a (0) = 1 ( 1.14) 

(this is so, if the forward elastic scattering amplitude behaves as ·s(fn s)f3Co)at s-+ co) 

and 2) that the real part of the amplitude increases not faster than its imaginary 

part1 then from theorem I follows Pomeranchuk's theorem about the asymptotic 

equality of the total· cross sections for particle and antiparticle interaction. It suf

fices to note that in virtue of the optical theorem, the total cross sections u 
1 

( s) 

corresponding to processes (I) and (II) are expressed in terms of the imagi~ary 
parts of the amplitudes of these processes by the following. formula 

/ (s) 
lol 

1 
_ 1_ lm 1 (s,O), ]=1,11. 

-?kys 
( 1.15) 

If a is a neutral, scalar ( or pseudoscalar) particle coinciding with its 

antiparticle, then the amplitudes of processes (I) and (II) coincide 

T 1 (s, t) = 111 ( s, t) = 1 ('s, t'), ( 1.16) 

while in the case of forward scattering (with a( 0) = 1 ) theorem I leads to 

lim 

·s-+ oo 

1(s,O) 

1 (s,O) 
=-1. 

Using ( 1.17) we conclude that the amplitude is purely imaginary at 

lim 
s-.oo 

Re 1 ( s, 0) = 0 
lm 1 (s,O) 

10 

( 1.17) 

·s ... oo 

( 1.18) 

0 

··, 

I 

I? 

I 
I 

The following asymptotic relation between the differential and the total cross sec

tion of the process under consideration may be drawn from ( 1.1), ( 1.15) and 

( 1.18): 

da(s,t) I 
dt t=O 

16 [a ~)]2 
" tot ( 1.19) 

3. The Upper Bounds for Cross Sections at High Energies 

All the results obtained so far are correct for arbitrary high power (and lo

garithmic) growth of the amplitude. However, our assumptions together with the uni

tarity condition for the partial amplitudes in ( 1.13) 

1 2 1 
fl. (s) I < lm In (s) < 1 

f - l 
( 1.20) 

enable us to prove that the growth of the elastic scattering amplitudes is bounded. 

Using the analiticity of the absorptive part in the Lehmann ellipse with semi

major axis cos () = 1 + _c_, c > 0 and foci at ±.1, , Greenberg and Lov} 25/ have 
0 k2 s · x) 

found the following upper bounds for the scattering amplitude 

I 1 ( s, 0 ) I < A s 2 
( fn ·s )

2
, 

I 1 (s, t) I < B 
Jl4 (ins /'2 
It I 11 

( 1.21) 

These inequalities give the following limitations on the growth of the cross sections 

G
1
.
01 

(s) < A
1 

s (fn s 

du(s, tJ 3/2 J 
( 1;22) 

--- < B
1 

·s ( fn s 1 • 
dt I t I'>\ 

In proving Pomeranchuk's theorem about the equality of the total scattering 

cross sections for particles and antiparticles we supposed that the forward elastic 

scattering amplitude behaves as ·s (multiplied by a certain power of fn "' ). 

Such a behaviour corresponds to the upper bound for the scattering amplitude ob-

x/ In fact, in/ 25•27/ an estimate of the amplitude growth 
angle () • Formulae ( 1.21) and ( 1.23) valid for fixed t ,;. 0 
similar way. 

11 

is given for fixed 
are obtained in a 



tained by Froissart on the basis of l\1andelstam representation. Froissart's re

sults were obtained under a weaker assumption by l\flartin/ 27/ who showed that 

if the amplitude is analytical with respect to cos (J in a certain ellipse with se-

mi-major axis 

and therefore 

00 s (J = 1 + __t_a___;_ 
0 2 k2 

t > 0 
0 

2 

I T(s,OJI< ·As(f,.., s), 

then 

30 
I T(~t) I<B ~ 

It I* 

2 
u (s) <. A (fn ·s) 
fot 1 

3 

~ < B c.fu..J;L 
dt 1 It!% 

( 1.23) 

( 1.24) 

Note that it is not possible to improve the upper bound ( 1.23) for _the for

ward scattering_ amplitude even if the validity of the l\1andelstam representation is 

assumed, On the contrary, the upper bound on the amplitude at fixed non-zero 

angle may be improved if the analiticity of the amplitude in a wider domain/ 27/ is 

assumed. 

II. Asymptotic Properties of the Meson- Baryon Scattering Amplitudes 

1. Symmetry Properties of the Amplitude 

Consider processes (I) and (II) for the case when the particles a
1 

have 

spin 0 , whereas the particles b 
1 

-spin 1/2. Then the amplitudes of these 

processes may be put asx/ 

1 I '" '' J r = u(p , £A rs. tJ + ...!!.t2!!2B rs. tJ 1 u (p J, 1 =r,rr, 
2 2 1 

( 2,1) 

if the relative parity of particles in the initial state 1
1 

coincides with the relati-

ve parity of particles in the final state 11 , or in the form 

1 - I - . 
T = u( p ) [ ·A ( s, t) + ~ 

2 2 
B

1 
(s,t)] y r.t(p ), 

5 1 
J =I, II I ( 2.2) 

if 11 = -11 • In ( 2.1) and ( 2.2) p1 and q1 are the 4- momenta of the 

x/ · We use the representation of the y -matrices, in which y is Hermi-
and y , i • 1,2,3, are antithermitian, y 

2 
= 1, y 2 =- 1 As &sual 

I - o I 

i'=yq-Iyq. 
0 0 I I I 

tian, 

0 

L ·' :· 

_;·<._. 

·f: 

i 

, .. 
·.,,· 

i .. • 

I .. 
.···.·; 

1

-.'; 

'· I 

I 

i 
I 

-.. 

',.:~. 

-·-

:--,·. 

'-

-;:;.. ··'' .:-~·; ., : ~ .• : :; ' "'· : ' ~· 
. ·~ ' -' \ ,'t'.·.'· . 

. - .. . ·,· /. \ l ' ~· . ~ -· > ~. . . ·, / / ·. 
fermion: and •bos'?n in the initial state' c- bl' - c\nd "t ' for' process( 1) /and-' b 1 and ( .: 

for process (n)),-v,;hereas-'p and' g·:·are;.the,4,.:.momeJ;1ta in the final. a-
- ' - 2 - 2 - ' ' '2 -

state. "-·:·: 

' -_The invariant amplitudes Ai(s,t) and -n 1 (-s,t) 'of'proces,ses '(I);and:(n): 

ar~ con~~cted ~y the ;;;rossing sym~etry 'rel~ti6ns~' Now we proceed .·to:~~: deriva- .--
tion -~t these--r~Iati;ns.x/. . ~ . - - --- - ''r - ' - -

. ,·_. \· ' .. ,-. 
,The ·-at?Plitudes ·r are exp~essed. in terms oC the_ vari8:tionaf derivatives 

th~ ' s _· -~.itrix' by 1 ot '•/• 
. t_· 

-•' 

-,-

< ~ ( -~;. . . . 

1 ·• · ' · ' ' :- · · 4 ' . :-i: ' ~~(~ +·q )x · · ' 0 S · · · · - - · ·r -(p-, q'_; p:, q')_.,;-2 i·_J-d 4 ::c e. 1, 2 <b (p ) 1 _ ·' -. ·_ · (b (p )>( -. ')> 
·l .. d 2- 2' '- .2·-2 -- •.• ' '11 23 _, O.cf>, (::c) Ocp (•::c),,- -.- ~ ,· . ' . 

:- 'q2 
·I .. ,· 

>·r _. 

/ _2 / l \' 

2 
m1 '~ q 2 =' rri 

2 ' ' 2 

. --

d2~·- m.2, :q2= ~-2 . .'· 
1 '.' 2 - -\ 2: 1' 

'• ' 

··!., 

.> .(. 

' 
'. ' 

~ < ! < ' .. -.'--.. 

' ' . In the phy~ical 'regi6n each of : th.i. integ~ais. ( 2,3) 'ahd ( 2:4) should be-~~~ ' . 

'\ 

-.. 

, ., '-. .... "'• . :~~·, ',· ... · ,f'·' .,, ., '• "'·:,:··.~ .. .. ~~ ... : 'l ,,.,, · •.. :· '. '· .. 

c;lerstood as _a limit when the .~ctor . q; + q~, has,';'- .~s~all ~agi~ary•part whi<;h ,· , _ 

lies o~ the future light' c~ne. Ther~f~re, when th~ vectors · p 'and- -·q _-. are .in 
• .. • . • r , • \. . ,. 

1 
,', . '· : • , , . . / . • . . . .'. I .·' ·, ·. . . I · ~- ~· ·· " t -~ · .. 

the physica(regicm of :any o(proc<;!sses (I). 'and. (II) expressions (-2.3 ):.'and ( 2.4) ~ -.: 
' 1... '_., -~ •• • • ' • - • •, ~ ' ; ' -. • • ' • • - ' ' • • • '· • ". ' • •• '. ' • ,, 

•are.Hermitian conjugate'i.e.;· •... - •_., - . ,.-
.,. ' ..... . h 

. '' ·, ~ :.··iz''. > '~··· ~~---~:L_ ... ::.~-.:.1·- ;:·* 
' T ... ( p ' I q ; p , 'q ) = T ' ( p , - q ; p . , - q ) 

- 1 • . I , 2 2 • -' ' ,2 · ' · 1 · 1 ' 2 
(2.5) '• . (.· 

'_i ,. 
·,' ""'".._,/ ' {• 

where ( rj is the _-proce~,; inverse to (I) 
/' 

__ , 
. ';. \'. -~"' ~ : :..:: 

/' -• a +· b · -+ a:+ b' 
. . 2 l · t I · 1 

. Pr,;~e--sses' (I )- 'and- (I;)'· ar~ related~ by the space-; time inver;, ion: .if 
,. ' . , - . " \'--: 

(I') .: 

__ ,.. .. ,• 1,-

·--" 
' ; \' :l :- t ' - -. ' ' ' -- 1 ' ' '. ' :~·· :(2.6). 

T · ( p , q. ; p , q ) = u ( p ) !.! ( p , q ; p , q ) u( p ) 1 , • 1 I-- __ 2 -:2 -· · 2 · .. · 1 1 2 '2 · 1 

'-'~.._>: .... : ·<_. -----:-- .• -----'-,.----~-..,..,--- / 
,:_, 

~-

f· 

! '.· 

.._ ,., ~ 

' •. x/ . It is ctist~mary to write: the. c;os~ing sym;;;etry r'fl<itj';,·ns 'to~ the.'case-~~f-
elastic -;,. -meson ' 'scattering on the nucleon: (see e.g., 28 .) • ,The' 'ge,ne'ral -,- -· 

.Case When all the, fOUr part~clei· , -., .' I , and ,' b• .: : lnay . be, different' iS treated .:· 
' here-; by 'the method: used' iri 29 ' in.' studying u{e symmetry. properties of- the. nuc-
leo~ nucleon scattering amplitudes. ' ,: . ' . 
' : ,· ·~· "'. . ... ;' . . . ' 

,.1':• 

'·"· 
~-

,_-. 

~~~~~~~~~~~~-~ -- -~ ... - .:· .. ::. :·· .. ··• ·- -~;· ~;.:. 



,. · . .:. 
then' 

', ,-

1'. ',..' / , ·,. , I , , ' . . , - . " •1 1 T . . 
T (p 1 q ;p 1q),=7Ju(p J[Bf.l•(p 1 q ;p 1q.)B ]u(p:J 1 

, 2 2: 1· I ; '2 • ·I I 2 2_ . '2 .. 

I 
. wher~. the> matriX· B. has· the properties 

r.", 

By 
,P. 

., . T 

B = yll I: 
I . 
·iJT~·-BI 

' I ~·· 

.1. <' 

(2;7) 

·.: ' .(2.8). 

' 
the upper 'Index 

. factor; . liJ I=. 1 

.( 2.7), we_ get 

r' d~n~t<?s; transposition o~-- the. inatric~:a. and · .. lJ is· a phase 

In the case of ~lastic 'scatt~ring ~-~ 1: •. ~~~ (2.5) and 
~ ~ .. , .. 

- 1 "" · , ' , . "1 ' ·, ' . ' 1 ' ' •t • 

I 

·,c. 

'M(p,q.;pjq)= l}y 4 [BM (p·,-q;p,•-q)B·J 
' I : 1.'! 2·:· 2 · \ .. • ·. " I ; 2 2 · I r4 .(2.9) ., ,· .. 

Relation · ( 2;9) 'm~y be .'writte;.; dow~ in. a more 
:\ ' 1. • :·1 . '_t. .·..- ' ' f • 

press ·. B . through the charge ' conjugation matrix · C 
. . -··" :, ,·, ' , . I} ' 

customary' form if we 
• f ~ • • • •• ' • - . 

ex-

,i .. 
t' I 

' •I 
B .; C y .1 

's 
' ~ ' I 

T 
C =-C., (2.10) c-1 y ' c. 

·, . P._ 
'yT', 
,P. .. 

·: ~ ·• · · I 3o/ · · . .'According to the CPT- theorem. . _, . 

., ._,. r .. · .... ··: _• r.· .. ·:•· -.v. 
y M (p" 1 :-q;p ,-q-)f =·M (-p 1 q ;-p' 1q).' 
'~ . ' ., 1 ! • ' 2 2 1 / 5 .. -\ " .. ·. 1' . 2 . ·~ ; 2 1 . 

:", 

...; 
;,-I. ' '(2.11).• 

. ; ... 

' ' 
From ( 2.9 )- (.2:1:1:). ionC:,~s the crossing' ~ymmetry r~latiori. 

I ' 1 ~ . • ' f 
! ~-. 

(2.12) .. ,· 
,' if I 

', • ., .... : ' '· ~ . . \: ,:· ,I'\ • '• .V • $ 

'.'M
11

(p I q';p l·q J.=.-1JY4[ c~.!'M 1 (:..pI q ;:..:.p.;' q) c' l 'r: 
11 • z__ t i, · 2. ·_. 2 , . ,_: , .· ... · _' _... ', .z _2 _· _ · 2 z .'. 

1
4,. , _ , .. 

One ca:n, e~slly .get the. cr~ssing :rel~tions between. the · ir1va~iant ainplitudes A 'l~ t) , . ' . . ; . . . ,._ \. . ·< . ·I. - ... : .. " . '- .. " _.. . .... _,, .. 
i. anct' .· B/ (-s, t1. ~ .. p~oc~sses (I) ~nd· (II). whethe~-- the relatiw pa.rities· of .J?afiicles 

... in< the. n~iti~l. and fin~{ stb.tes cc',iflcide or are' o;posit~ in 'sign, . ;;.e ,f1ct ' ' . . . -

'' 

... 
\ ' 

·- ,. -. \" :" "-,. ' : \ ' 

-11 I '1' -' *·' ' ' II . I '• * ~ 1,' - - * 
A ('s,t) =7J*A (u1t), B ('s,t) = -71 B •(u,t) ·: 

' ' "1.. ~- , I • . ' ~ , .· .._ 

' ,. ' I. \ ,_ ' ,, i ' ~ 1 ' • 

. , ' .. ·*. 1 *.. II , * · .. 1 * 
A11 .. (·S,t) =-:-1J A (u,t1 1 B ('s,t)=1J -Bt'(u,t). 

·-,·,· . . ' ' •.. \.' 

J =1 I , __ ; 

'(2.13), 

1 =-1 
I .. ·. I 

·' . . \ 

In the' ,following we . ~hall p~( 1J = 1 • Tl:tis will not 
·:,. '·' ·. '- . . ,· l' : /- --- ... : ... \ :. \ . * . . ' ~~~d to, a change ' in. the final ' 

. \. . . ; .• I--~ : '.. \ • 
results since only the product "71 1J =1. · enters. into 

fer~ntiaL cross ~ectio~s ;;_nd polacl,~atio~~. 
I . ' ·.,_.- ,. " t

1
• 

the expressiOns for- the dif-
-. > ••• ~ 

., 
:'Together with PI'?Ce_s~e s 

. les with sP.in w~ 'shall . ~i:msider 

. , ', ,, 
(IF <l:~d (11) in ttl_e cas~ when .· b( 

,. . • '·• . ' I 
also the process . 

are par~ic-, 

.. _ ., 
a+ /i: .. :a.+ b.' 
, I 2 • 2 · - I • ··:._:'" •' 

.. (III) 
. .: 

.,, 
'': 

'' 
·,, '•, 

~ 
j' 

-·. 
' 

" ---; 

I 
I 
I . 

1' 

r 
I. 

! 

:/ 

.·, \. 
·" ' I ~ '' ,., . ,, / 

. ,;,, 

The amplitude.:of this 'P';"OCes~ ,can be written .. dowri_as:' 
I ~, I -· .. 

III " . ,··,_.··~ ,·· .. III . . ·.:·.·j ,. · 

.. 1 (p 1q;p,q_)=u(p)U (p,q;p 1 q )u(p.). 
·.\ z 1 . 2· ', 2 · - 2 1, 1 . 2 2. ..- -z.. · 

'y\• 
( 2.14} 

Sunila~ly ·to what h~~ b~en' s~id .it i~- possi~le to'' obtain fue follcn~ing', crossing' 
. . '·; . ,',. ) ·.. . . . . ;Ill . ...... , ...... -_..... . 
symmetry relation · between the. amplitudes · M · • and M 

• ~ j ' "- r'-.., . I 

' i 
l 111 (. ,. . . ' ' ftl 1 ( ~ • .,,i. . . 
1-... PI I q/p21 q2) =y4 P, ,-ql;p11-q2· .. ,Y4.'· 

.. or. in terms of th~ invarian~ a~piitude~' 
' '.- . ~ 

·.(2.15)-

; -
A

111
(s, t j = A

1 
(u,; )* 1. JIP(s, tJ --B; (ril /, 

·./ ' . ( 2.16) ' . 1
1
'=.1

1
1 

. . ',.\ 

·, 

Ill :'· , . I- ·t,: '-, "* -
A J:s. t )='-A (u1 ~ ) -1 

, . ' . I ' * ffii '( s1 t) ,;, - B ( u,. t ) . 
, -~: r, . ) ~ 

. i = :..c I. 
. I. .. I \ .. 

,- ';,-

:1, :._, 1 
2. 

t,. ( i I '1 ;_ 
Cross Sections · · ,, ~· 

. ;: The differentiai cross_ sect~~n for pr~ce;;;s_ ( i) is'', eq~ai to - ., . ' ' 
\' 

l' du ('s, t) 
'• 

-....·., 
J r • 

( 2;17) 
.'' 

-~ .. '-- " 
dt 

'< 

F 1('·s,· t) 

where •'/ 

. , !.; . . ·:-- .. v,', , . 1: •·' . . 2 t . . I '· ·.:. , 

, F~'(s,ti'= [ (M ±M)....: t J !.A .(·S,t) . .... '·. ' .,_2 1 . - . . . 
~ ,\ !' .~ ·~ 

( 2.:J.8) •. 
·.' I ' : 2 · · · . · .1· ' . . · . . _, ' I· ,j. · 
!'B•(s,tJI· +[(M-±M·)(·s.:..u)+(M ~M.)(m 2 ~in') ]-Re'A~(s,t) B (s,t); 

·~>./ '.·_,,:: ·.,1 _,' ···.·~.--~· .. ,'/'•: _,_ ... 'I·., . . 

~e_-,u~per sign·. co~resporlds __ ,to1 ~~: ca~e -~f,.icie~ti~~Irela.iiye p~riues .~ li :.-1
1

' · ,• 

while. the lower,;one.::-\ to the, fase, of. opp'?site'<padties, .~=:-1[ '. 

~, . ~or \ne fixed t. a;;~ 's . ..,. (2~18) asslAin~s th~ ~~rm 
-I·.r.' ~· ·; /•' ,I:·~'·.·-.:, '2 

(2.19) F(s1iJ=!(U:;tM,JA (s,t)+sB(s,tJI.-'t!A (s,t1l• 

, . \ ... .· . ' '\ .. . . . ... / . . . ( . ' 't . 

• The differential eros~' section. for Ptocess (II) is readily obtained from, 

( 2.17}.'a'nd ( 2.18) by the' ~ubstltution A II (s, t) and . B11 (s i t)fof 
1 
A1 Js, t) ~ a..;d 

-~ 1 
(s, t) . and ~ ~! m : , • : .,;h~e the differential cross sectkm for pro~ess' ( ii'i) -

. . . ' 1 2 · .... ' ' .. 

by the su'bstitution A_m ('', t( and. B111 (~ t) for A- 1 (s, tf and 'B 1 (S. t) and . '· ~ . . - . ' . . - . 

'\' ' ~M1 .. u,. r· 

,-,~ 

..·. 
· ... 

f , •• 

, . Let us p~ove the. asytripto.tlc ,equality between lli~ cross s~ctiorl's/ for proce~ 
·ses (I)~· (II) and: (Iii) fo~. fbcea ·: h~ 0 . 'and s ~- oo ~' .'lf -~~y one ~f tr{e two'.' 

- / .'·' ' --- - . ' . -
(, 

.·1 

:'; 

. ''. '15 ', '.\ 

.. '< 



·) 

' ''\ I·. _, r<,i ' 

~plitudes A.1 ( s, t) a~d · .B 1 (->, t), ~i~~ the main contribution to th~ cross .sectio~;,; 'c; 
' for Iar~e·. :s then . i( ~uffices' to c6n~ider . ~i? " ~plltude, and the asymptotl2 e~~H-' . 

, ' . . ~ ' j' . ' " ' - -

tY betWeen the -~ros:;; se::tion~ follo..;,s. immediately ·from theore~ I .. 'I'her'etore,_.:W.e 
' • - • • '. c (! . • -. . • I ' . I .. ' . ' ' ' . 

, have to treat 'the general: c.3.s~ whem both amplitudes-· A (s. t) and, B 1 (·s,'t) · give,' 

~ 

I 
'C:o~trlbutions of · ~e s;;_m~ 'order 'to·. th~· asympt;tic, beh~vio'ur cit th~: cross seCtions 

~this case, fo~ ~~orne choice ~f ~~-~dmisslble. f~~~on cp(·s,· tf.·th~re exi~t (~ ''· 

assuffip!ibn) ,the, finit<:i ·Im;it~ ... > 
- .I ... I 

I I ·. -: 

u+ (tJ a lim 
- : ... .±:~ 

, A v-(·s, t) 

¢ ( s, t) 

·s .B · (s, t) 

cp(s,t) -:,-

._, ~ I ( 2,20) v.±·~ ( t) = lim. 
•· .. ±DO· 

,· . '/ 
Jri· virtu~ of theorem 2 the Iii-rliting values (2.20} are equal '\ 

I '•' I 

·;(2,21) :- .u+ (tJ .;, u.:..rtu v+rt>,-:·r..:.rtr\ .· 
a;.ci; _ th~r~fore~ if we . take into account the. cr~sS:in:g'' syrnrr:e'h; re'Iatf~ns , ( 2,l3) and I 

(2.i6), we 

.lim ...... 

lim 

~- ..... ~ 

get . ~ 
·- .··1 ·:'L-

A ('s, t) 

* .· 
A~I ('s,t ! · ' 

·I,' 'I 

lim ..... 
'I 

BI(s.tl 

:.Bu ( s, t/ 
- . • I 

. "I:' . . '( .. 
, A ... (8 , tJ 

1 
= t_' .li'!'' ' - ' ~ -· 

'Alii(,;, t) .• .; .... 

-,._ 

; r > ~- ' 

I, 

=' + ~·.-ur a (t) 

:, .. 
' \:;./ 

'J-· 

.. 
·-·· 
. ·' 

.•. .-. ·,~tlta(l): 
=+ el <··;-

(;.\ 

:·' 

':"here again· 'the upper sigh .;orresponds to .the' .case 
•• ' ' ' • '. • c '· ' ' ... 

~ ~ 11-. . ' . 

'·. 

. ,·~2.22). 
,,. 

' ' '~" 
'\, 

., · .. ' 
·.1· ? ,; .. 

whereas the' JeW-

,,· ·ei--one..t6 the.:_caS:e .. l. = .-11 • " .. 
t ' 

From. these · as~~~otic r:el~tiol1s between· the , amp~i~~e~ . ~f • process~~. ( I), . : ,. 
. / I' :•. • , ' } t ~· ~ . ; - " ' . ' - ' ,}_ ' , ' '"' ' .r • :~··I' ; t 

(II) 'and: ( m) follows the .asymptotic' equality between the cross. sections o( these 

'..'proc~sses. for fix~d .. t . · an~l ·s .. ' .. • , ~r insiance, in su~h a way ,.;~ '()l:>~in ~ 
frle. ~sympto~ic' eq~a{;ties ~etween. the' differeniiC:t. cross s·~cti~ns. io~ .the. pr~cesse's. 

/ 

... . \ 

~ ', 

( '· . ' . . . . . ' 
-'·, ·,_ ·,_,_ 

. + '' '.j. . ·. 
• -It .+ p ... 11, +.•p 

"+ .· ...•.. + 
K .+ p, .. K + p· 

' '.":·o~-· +' .· 
·."+ +·p . • K. +}; j' 

K;.+_ P: K~+ E._o 

and'. 

·and 

and·· 

and. 

. 'I ·,· 
·It_":"_+, p .. 11_"":+ p' . • ,._ . 

';I. 

K-+ p .. K-:+ p,. 
' .. ',... ' ' + 

·'.[(":'+ p .... 11- +}; ;,,· 

•. ~-~ • _I· , •• + ~ ~ 
K + p , .... K +- : 

( 2.~3) ,, 
-,i·; 

•/; 

., 

( if ·the . ·:=; · -:hyper?~ has ~pi;, :i/2); •' 
'' . '( :"''-' 

'\-

'+ 
'!.+ .. He 

I 

... ·p + H~>. ,.' ~ and" P. + He .. ·};+ +'He:;~,:. 
•, 

· . 
'1;:-

. . \ 

_ .. 16 .• 
·-' -; ·, . .-

" 

,· 

.,' 

.I, 'I 

~ . , 
\ 

l 
l 
I · ....... ,· 

' J· ,. 

)' 

r ~~ 1 •' I 

f. \; 
,·· 

. ~ 

·~'' ' 

~ ''., . 

./ 

l 
F 

) &, ' • 

,. 
~-: 

·,· '.\. 

I. ;,__··.·I' 

'•'. .,· ~ \. ' 

'-. 

.. , 

; ... , 
. -· . .. -

Suppose that ferinio'ns. in the i..;itiat' state ar.e unpolari:_zed .··Denote by n • the 
' ' . . • . -- • . fl. 

- unit spa. ce.. like·_ four- vector. proportio_nal to· l . . p. • I :. q
1

{3· p ' 1 '.'where '< , ; · is the 
• . , : ) . . . , · . • ... (l.llpy, . t a 2y · .·. . · (l.apy 

totaiiy'antisymmetric~l tenso'r •. In th~- ceritre-:.of-mass .systel'!l.; .; 0 ' 

.. it .; [p · x. P l IJ[p 'x p J J . 'I'h~ ~olarization state 'of the f~rmions in the final state 
:' · t .. · ' , · · t \ ·. 2 s ... ·. " ' - I . . . - · ' ' 
is characterized .. by_ the' four-ainiensional polarization vector ~ _ proportional' to 

f • • • fl. 
the •. unit vector n 

IL 
~ -" ~. 

'· · .. 
,(· 

· ~ I = p I (-:-~ t) n , 
fl. ' .·· fl., . 

1 ... , . 
'p ('s,' t) , we get · Caic::uiating · 

·-~~ 

l- >·' 

' . . . , .• I.:· ~ . • 
·· '1 . • -.. · . .. lm A ('s, ·t} B I ( :s, t) 

\ \~·: 

( 2,24) 

J 

'.;..' 

P (s, t) = 2·s y-t C(.·s,.t} · · · · · , 

; . : . . . . ;:_ . . . . ', Fl{s. t) ' .' • ...• I , . '· 2~ .. 
where-the function C (.·s, t) tends to unity- as. .

8
; .. : .. at. fixed t :.(sec/· f 

··. ( 2,25) : '~ . 

~nd )he_ expression .(2,35) '·ior: lli'e 'c~s~ : ~; :eCju~l m·i~~es >'~ E'o.; pr:o·c~~s } n fue 

.' f~nctiC,~ F I; ('s, t)·. is dete'rmined bY ( 2,18 ), .anri_ a:t ·Ia~ge ·. :s -<bY (-2.19"), as 
'. ~ ' . I , . , - .- . . ' \, ~ . ·, ' . -:, . . . ' . ./ ·- . . . , , • 

'·for processes ( 11) a~d '(Ill)- the functions ,;, F 1 (s, t)~. are obtained f~om (2.18) 
'Y'~th:modificati?IJS n;di~a~ed;~ft~r,t6r~ula:'(.2,;9)·. · ·, ·' ' · '· 

. - . ;,, 
. 1;\s was shown·for'fixed ,f and· s .... , the-functions'. F ·(s,t)are equal· 

'/for: ~11 ~;C,C;~~s~s' (l). cii>- .;~d- c:n~);: ~erefor~~ in studying 'the< polarization. it is 

-~uffici~rit.to con;=oid;~ Jh~.·~an~l~ Im' A{ (~'d. B
1 (s.t):~~lt follmvsf'roin the !(' 

as'Yruph)tic relations. ( 2~2~) ,that 
·~,--'I' 

·~ : ·r . ~i >z ,_: t '~~. ~:·~ ... ~.(~_,-.·~-~~--., 
.'li;,·.: lm A (·s,t) BJs,t) 

• .... _ 1m HI(/., t) BII(./, t) 
.± ., lim 1m. 'A (s, t) B (s, t) ,;; . _ .1 , 

1m Am(;., t) 1J ,m('s, tJ ..... 
' 

-:·"· ., 

·-, ·' 

'.·' 

wi-iere )ik~- in' ( 2,22) the sign " + 
• . ' ' I . r 

sigr; ,..:_" to the' case .I .; ·-1 · . 

" ·c:o~esponds to the· c::tse ·~·=, 11 

(2.26)•. 
,,l ' " 

,. 

;. 

. .. 
whlle .the 

' ' . · .. i :·- . .'1 ..... 
_Thus· it. was· sh~~. ·th~t for: fixed 

I , ;' . . . . -
and .. ·s ..... the' polarizations_. of· fermi-

ons in the final sktes ot'' P,rocesses (I); (n). and ( in) . are co'i-mected ' by : 
' • ~ I • ~-~ ' 

. 'z . . "' -. - I - ., , 
., p ('s,'tl ~-pii ('s, t) c:'-P u,(s, t} 

·c·. ·. . . • . .. · ...... · .. · .. 
p' , ( 'S, t) ;,_ - pll . ( ~ t) • = pUC (s, t); 

' • ' l ,_- O' 
0

T._ ' '. - .' O ,> ' ' 

if· I =1 
· I l .. 

.if <. 1,,=·'-:-.r, 

'The 'resUlt~ obtained . are applicable, in . partiCular; to . processes 
•, • • ~ • - • • • - ' ' J : - ' ' • -. 

' ' 

; l · .. ,'t' 

\ . ..; ' .. 

. 17. 

i(2.27) 

.c 2,2,3) 

.,·-

' 



... 

,.~,/"· 

'I'" 

",< 
For .mstance; the polarizations of the recoil 'protons in the processes 

"' '',· "' '· •._: ' . ,'"'-.,_ .' • ''·I . 
_;.· 

IT+<!-' p ,:. ~++ p -and IT":"+ 'p 11::-"+P 
+ - . +· 

K: + p; ... K + p ·. ,., . 
and K-+ p ... K-+ p. 

'c;1nd momentum . transfer fo_r ·the same v~ues' of energy ·. s ar':. equaJ by 
+ . I . , 

:t 1 - hyperons iri 

_... __ ., ! 

absolute 'W!ue and opposit~ in sign._ FOr-the P?larizati.;ns' of 

· .. f·. · the· processes 
, :·I ' ~ . 

. '+ +. +' IT, . + p .. K . + l: . ·.and 
+ 

.K + p .. "-:.+·l: ' 
\ .. ' 

~- ,·' . . . , ;...o 
or.: for the polanzatlon of = ' 

_,"" . ' ' . '• ...... 

. . ~ ' .. 
- hype;ron in the"'processes·· . 

K~~'p ... K++ so 
' ., ! 

I , . 

'and 
'\ -/ 

,, >K-+p ... K"+Eo 
"' l"t • 

. I . . \ 

'(·. 
,_.·:.: 

,. 

there . holds the': same asymptoti~ rel,ations irrespective of th~ relative parities of . 

particles. Ho~ever,'. the. asymptotic relation. _betwe~.n ·the' nud~on ·and · antihyP~ron: · 
I - . ', ' ' . . . ' I . . ' ·"" ... · ' -··/ . • . : ' ·.. /, .. ' ~-' 

· polarizations in' the 1a:st pair . 'ai pr'ocesses ( 2;23) depends on the· ~elative, plirlty 
' ' ' ;- .. ' • ,'. ' . '>·' • ' • -+ ·.- -. •' . :. ' _ .. -~ '· ': -· ;·,. /' 
ll:A. >:,the, P?la~izati<;>r:s ?f p ·and I :are ·_equal by absolute ·Va.I~e and 

opposit~- ~ sig~·-if this parity -is' + 1 ' and .they are equal,both by. ~bsolute'. 
.~a{~~ ·and insign· if ~e parity .. 't:t.~ is -: i. . . ~ . ; C • : ,· 

I ,·: .\ ,. • • • ; •• ' ' I I <• • ,·, ! • 

-We considered tJ'te general case when·· both· the invariant. j"';ffiplitud~s contri-

bute to the; asympt'atic .behaviour of·_the cross sections. As one·· can ~aslly see·'. 

. ~'am' formula . ( 2_.3 i) : th~ polarization's !ri. tJ;is : case : ~ ma:y ~tend . ' to no~vanishi~g i . 
,limits at s .. "" ; I( only .one 'oi: these a:mplitudes gives· a ·cohtribution to' the ' 

, ·,_ , , ~·.'''. ~ .. ·. .- ,... ~· I,"'"'···,",··.. .·1 .·_ , ·-,. ,•: ~- ~.: 
. cross sections at large' s . ; . then l the . polarizations .. are tending, to. zero;. . . 
' - . ' \. . '' ·, .. - . . . . . .. ' ' " 

, '< , ' •r \ I ! ~ ' ' " ! 

Now.. we ; will show that· there. exists ~ · number, of proces~es in which the 

·fermio~··;;o:iarizati~m~ in the.final sW:te~ are
1 

tending to zero at .. ;,' .. "" . for,fixed 
-;--,: ' ., I lo, I ' ' '- '' I ' ,.' :: >,' "I ' ' . 

(non:. vanishing) ·. 't . irrespectiv<;> of the, relative~ behaviour ,of the . invari~nt amp-. 
, ~ ' 1 ,. ""I ' I 

.\5 

litUdes. These are , the processes which· transform into themselves, in the c;ros&-

·m'g t~an,;f~rma~i6n, i.e~.;' th~· ~ro~esses for. whl~h . ';. ·= a ~~ In. this cas~, ·proceS-. . 
· ~ _ . . · · · · · · · . ·, . · "rt·~ ,.... / 2 , ·, .. l • • : ·. · \.. · · ' 

ses (1) and (Il)•'coiricit:!e, so that, P =' P• .• '~the other hand, by (2.~7); '-' 

P' ('s;tJ=-P1(-~t)irrespective. ~c, the relatiVe .p;,rities of particles. Therefo~e, in this cas¢ 
\ ' • • • ... . .: •. ' • • ' ' • :·' ~. • .• ,_t: ' • ; ~ I ; ·•. ' . ~- I ~ 

'. 

... ., . ,'P 1 (s,'t) =-P '(·s,t}=O , .. 

. Thus,' for example, the fermio~ ~o~arizatio~s in the. final sbtes o/ the proo-

cesses; 

and' ,, 

Ko 
1,2 

:~ 

+p:.: R". + p .. 
. l ,2 . ' 

K -+, v; :+ K++ 'a:::· \ 
I 

. ' ' 

,.,_, 
,. ~ \ 

. . . - ' . \ '·. ', . ~. ,. ' . . . ' 

{if · · E, .:.. h).peron spin is i/2) are tending· to . :.;;ero at s · .. oo im; Jlxed t · ir.:. , 
. . ,_ ,.~ . , ,· ',.. . . . . < _· ', . , .. - •; I : .. · t \ 

're';"pective ·.of ·the relative parities of particles. everi·. in: the;. case·. w~en ooth · the. 

invariant amplitudes give ~ontrib~tions to the asymptotic behavioUr ~f the cross 

-: 

'.' 

:-.·. '· 18' ···.\. 

; 

I 
'· ~ 
I· 
I 
I 

1 '\ 
l 

i 
j,: 

., 

'. :' I' 'I ~ ·-=-· -:: 
' .... /~ 

I 

section~. If the isotopic invariance' is. f~lfilied' then' the pola~ization. of the' recoil 
j ' • ,_. • ' ' 

neutron' is also tending' tC:, zero in th~ charge' exchange. process 
-·. • ' ·~: ·,. • ' / ·" >' ·t--

,.j ,,._- ., fT +p·_ .. fT~+n·. , 
1 

'11 

. ,_;. ·: . \ .· . ' . ' ' \ . . ' ' .. 
.Indeed,.,we saw that.the polarizations of'the recoil neutrons in'this'process·and-
•• .-· ... J' 1 • • .... • - • / • ' ... • • • • ' • • ' - t ' ~ ., 
m the ·process ' ·, _ . , , · 

-.1 ·, ... _,;· ·,11°+·p:+~+n 
' •, ,·.. :' . --.,. 

~ ' 

I ,-: ! , .,;. ' -._ , "- ' .". ··• r _. 

are opposite ·at ·s .. "" • However, it follows· from the isotopic ·invariance· that the 

·-matriX e~e~entS of these proce~ses coincide ( ~p,to a sj_gn). Therefor~: the -~eu-
, . . . .~ . ' ' : '. . - .,_ . . '/·. - . ~ " ' 

. . tron' po1arizations· in both processes must be equal' to· each .. other: It follows from 
:-- . ~ · .·! · · :. . ~ • -- · • , .- _ I . \. . ' ' ' . ' - I . · / " . 

here .that:~t' ·8 .. oo· ;,- th~ ·p~larization's of the recoil· f]eiutrons of. the processe.s un-

~ / ,, 
. ' ' ,I ,. _... . • <' . . . ' • 

• : < ,· • • '. t ' -. .~ ... 

.. der COnsideration tend to zero. I · " . ' .. 
\'•1 · .... 

l' ,.,. ~-.. -~~·f_ : ~ .. ~:·· ,.' '·. 'I" . ' '.\'(. . ·. 

To check the_ 'obtaiped ,asymptotic, re_lations. between_- the polarizations it is 
~-.,·;·\\.,~- ... ·-·,. ·., ·-·:\ ·, .· .. - ... , ... ,.. '. ~...: ' 

probably simpler· to use the polarized nucleon target and to measure the asymmet-

, ~; parp.nieter ~ J::.. fo~· ctlHer;n~ p~o-~~~s~~,·~~ich 'is :~now~ to be. equal t~· th~ 
.• :· " / ' ' .. ' -: . - . . .; • . ' . - . I ' . ' / . ~. ! • . t I ,c 

.... -:. 
;",, '.1 

_ • · . polarization ( 2.25) if the· relative . parities . . I, and : ['. , are. the . same, and 
. ':I • I . ' . . . . ' ,, . .. .. · '/ I . I I . • '· ,,. . . . : 

;. ha~ the, opp~site sign .if; I ,;._1 . 31 ~· M~reove'r, ,b;;tween the 'poiarizati~ns and 
.... ' ... ;.;.., '~· :· ··,~ ~~ ,, -'~····.·· -~· ·'·' /_ .,1·,:_ ·,... 
'·.the as~etry parameters in' p'rocesses (I) and (III) .. there exist· th~ follmv~g:· 

. > .. 

I 

i, ~ 

L. 

, r , • . . , • ~ ~\ ... ,. . . , . ~. ,.'· ::. . • . . . I . , II. 
. relations .... ·~P. ·= "': 71 rrr1 . pii_·_c 71 r .,_ <• .-.. , 

• ) ~-- ( < 'I - . . ' ' ._t ~ ' I ' . ' ~ ., • \ • \ 

': irre~pective of. the paritieis .1, :, and-- 1, •. , / ( 2.28) 

.1 ,,·:·' ; • r' "' ,·. ' -
4~ The Measurements for El. 

j <: 
,'I. '. \", 

....... 

'.! ,. 

'·! 

. . Scattering'.' ·-.... . . . '· ·,. • . 
:In the ·case of zerd spin .. meson scattering ion: the n~ci~on,( with ;,pin:' l/ 2) 

the compi~te' 'set 6!" me~~u~~ments: t:la:s' to ;Ieid th~ee; real qu~~tlties •(for. each I : . 

wlJ~ of the varfa.bi~~- ~~ ' and t :,' )xf: ;.,iis~ch. ~antitl~s· 'one c~n-ch~~se~ the 
,.ll 

1 
/' , '

0 
1 ,· },' •. • I .- '" 1 ,- .· • • I., .·i ' \, I :·. '/.

1 
... ,': '., /' :' \ 

0 
- '\. 

c:lifferential . .cross· section. ( 2.17 )- ( 2.18), the. 'polarization p (~ tJ. of· the . fermion·· in · 

• the. fi~ state·~ 'scittteri~~ ·On ~~--- ~rtp6lariz~d targ~t' (2.25) and' the. pol~fza:ti~n · 
by ~'c~tt;;irg . o~ the'. p6lari~~ion ~. ~~att~~ir;g, ori ~e . "p~l~rized tar~et ,.'with ~e.. ' ' 

pol~ri~H~n ~ct~/ · 't' ·.,The th;~~ d~en~ionai ve~~or 'of ~e 'nucleon pola~i~~' 
, ·., • '- I •. ·· ' . ', J 

1
· .. '---~ ' ' -. ' : 1 I '/ ; ,"' .. • ··· \. ' I, .. ,. .... ' 

tion ·in the ·final' state Iri the .. firocess of elastic of, meson · sc<l;ttering ; pn a polari~ed · 
nucleon target in 'try~ c;ent;e- of- m~ss system ,is' equar to . ' 

,_,. --' . . .. . . ' ,. 
'p

1 ?s. t) -n- + t +.o 1 '(s. tJt( (; , it- t1. \J =I, u, 
. . . t { •' . ' . ~- -

.... ; t 
( 2.29) 

' J. 

P 
1 

( s; t)' is give~ \,y. the formtl.ta ( 2~25) and 
' ' ' ' ~ ;: • ' " ' '" • < 

wryere 1\i 

' . \ I 

. ~~ 'In/ 327 ; '• the .• ~ompl~t~ ··set· of measurt~ments. · {s ~e'stri~ted. to two : quantlti~s 
'since a:t'llie em?rgy below the threshold for Irielastic. processes the remaining 
~ qUantities :ca.; be determim~d from the elastic unitarity condition.~.. . ' 

, I I .. ·- .· . \ 

,·, 

'·'. 

'" \ 
. ' ~· 

' 

,;··, 

.-
--·' 



, .. 
<· ;, I ~ ·. . .. ~ 

\ 

·.,...._ .. . . '.' . I i· . . 2 , .. -. 

1 . .· . . '' 
Q \(s,, t) ':" :- 32 t c 2 (·s, t) [ . s .. 

' . i • (y s +1.1 J\ m2 
1~1 A 1 (·., t1 -(vs+M) B1 (s, t) '· , ( 2.30) 

t•.:'F.J, ( s, t) 
,. ' I 

F 
1

(s,t) is given. by {2.1a) (~~d the indic~tions after tormyl;,_ (~.~9)),' 
•, • ;~ 2 2 ."- I 

·sa - ( !.1 -- m ) .. 1 · · . 
. . J 

, · c2 (·s,t) 
~ .... ' . s 2 .\ ' ' ' \ 

As a' thirci. m~a~ur~ble. quantity' (along ~ith dui( s, t)'anr) / ( ~ ir). one ,cEm' 
- ' 1 . " · I ,"' . -df. ... ' • '·• .! '· ', • 

~' ( 2.31) I'S+ oo 

''· 

. •' 

·\':" 

-,.,. 
take the quantity Q ( s,.t) in .virtue of {2,29) •· It can be easily' 'seen that under.' 

fue -~s~umptions we have made th~ ~sympiotic' ~'alu.;,~ :of . the quantities Q 
1 

( s, t) for 
,. '{ ( ' • •. ·,; ' ' ' <" ' ·• 

_process:~ I and II must. coincide at. ·s ... ~·., ,., 

.for · the '. 'quantiti~? 
··A 

····' 
\ I 

k'l. (s, t) . f 1 . r . rs.o .r.:: . . and.' .;.rg I , t; 
·-1' ¢ ('~ t)c ¢ (s, t). 

where • 
,. 

.\-
·-'>:' 

I ~ . 
I 

B (s,t),, 
~ '., >. ' 

.flr·.,·t).~· .. 2~1,A, 1 (s,t) ·+(s -M2 -·iniJ 

., 

·-· 
[ 'A ,;.·s, t).J , ' ( 2.3~) 
' 'f 1 ('s, t) 

,, 

·(~,331)' 
-·· 

,·/·; 

·., 

... ·•·. ; · ~ . . •· ;,_.~ i~ I 

'provided 'that Im 1/·(s, t) > o I ThiS 'latter. aSSUmptiO~ ,·is reasonable 
"'-~ ._ . ,, - r . · · • - , , t _; \ 

at . s ..... OQ 

\ ~ \_. . . ' 

smce 

f~('<', t) ' i ~(f+l/f~<.ifNj·p~f1;~ ~~:..L:·i [it~1·>iP{( 1~ ~,) ;(i:34) 

(J 

I, , 

t = o • · t; · . t · t · 2. k' , 2 k 2 e;, , · · .- . . 2 R:" • 
I • "'). 

\•' 
\. 

and , in· virtue . ~f . the ;_mital:"ity condition'. 

,. 
< \. ~ 

•·· 
Im /±>>. o; 

t - ..... 
. , 

,. ;·} ·' 

'. .. 
,"~ \. ... ' 

._.t',- {.2.35) 

lj'nde~' these 'assumptions the conclusio~s about the cis~ptotic ~quality .of the du..: ·, 
.~e~e~~ial cr~~s sections,. about frte ·;el~tion betw~~ 'pC>iari~iions ( 2,27) ~d abo~t. 
th~ equality ~f the quant~tie~ , QJ, (s, t~ ( 2,~0 )'for pr~cesses (I) and' ( nj al;,~ • .. 

'" ' " . . : ' ' .. " : '. ' -~. ·, . . ~ .""- i ' . . . - - . '. ·. ~' ~- . \.' :· :.. ~ ., 

·hold true, The. proof .of this assertion is carriea ·out.: similarly to that for the ·case 
: . . . • ' .. ' . ,., j. 

of scalar particles (se~ 'I).. .·, . ·.· . . .. • -
-~-' ; 
',: .--

:. 
1'-

____ , 

. ; 

~ ''.·j' 

) : ~_: ·: c_·. : .. ·,,~: ; 

- ' ~-;· . 

'\·.··l 
c,7 
.{ ., 
.i·U · 
:%· 
. :1,. ,l,·· ... :lr. 

'.\ ,/ ·: ' . ·-,. 

. ···~.· 

. ····l·'i 
I . 

·l 
; ~ ~ 

. \ 

. - -:·1 ,:/,• ··',, 
~ -.: . : r -~ 

.'( 

III, Asymptotic Prop,;~ti~,; of the.· Scattering ~plitt..id~s of Spinor' 
· ~ Particles -. 

· ·. 1: Asympta'tic· Equalities' for' Diffe~ential Cross Sectidns 

_ ..... , 
Now we proceed "to the study' of processes' (I), ( n); .(III) i~' th~ case 

' wheri fJ.1i · ~e ~article~ . · a ' and . b' have s'f;i~ 1/ 2, In this :case ·p;oces~e,; 
· · · I I · · · ' ~ ' · 

; :'( ri). and. (III), differ ~nly, iri ~oW:tioris~· Therefore: it .sufflces to ~con~ider proces:-:-" ., . . . . . ' .- . ''• - .~ \. - '. - ' . 
· ses {I)' and· (IIh The· arriplitude_s ·of thesi:e process;es inay be put as 

~. 

··.· .. • r!,;."i_'ll(~~ 'p•J(p)u.(q);; (p') r(b)(q) ~ (p) i/ (s,t ), · J~I,U 
··""::· · <. ;_I~ .

1 
• ? , _ I < a.~- Jt b 2 ; I b - 1 I_ , - ~ · 

(3_~1) '.-

-where·"· 
''· 

"'"·.\ 
.. \, 

~ 
,..-," 

··_q p .. · 

'!) ·I· . - . -~~ . ! . . . . ' .• ' . 

~. 
2·' .• '- 2 

. (3.2) . ~: 

• :!'. "u (q ,. a~d .. ufptj are the'•spirlOrs v'vith positive energy:·Iritne first process 
'i~' o I :. ·. b I ' · · · · . · · . · . 

. l:'.: - u.· (~' and u.\ rr.' characterize .th.;, state's of the particles. ·a a.nd ' b ;u (q) 
·.:\ " , r·. t .. ',~ . ·,b -·: 1;.- • ,., '' _ .. ' . \. ' 1· •'· :t· ... ·.· I · _• _, 

-
1
1 .. . <3_nd '.ir~.(v;> - :~.':.particles a~ .and b ·; · ·, '<;-nd ·in the;:;~cond, proce~s < (q 

1
) 

~~.'' · ,·. ;. a~d. · ;~ '(p~) c~act~rize . .'the s~tes' of the p~rticles' ;2 : .~nd •·· b ': , 'u . (q ) 
.·,\: ' ,:.,b, 1,.. .. .. _ -·~- · · · · ·,."·..,·,.··!-~- ·1-•.(sb) a_·--.2 

.,i and'·. ·u · ( p. ) ' .,. the ·particles : a· ·and • .. b , The covariant matrices r . • ' in 
' ,, ' · b' 2 ' ' .-"' J . -- · , 2 ! .• ··-· .. · '1

• -1 · . ·f ·· '(3::i),mB;y.:be ch~sen'{d:_e~ending.on the relative farities otth~.pc:-~.tic~es). as· 
!if , ,,, _, I • / • • 

1!:.· foJfows · · ' 
•'[' . . ' '.; .... .. .. 
'·jl) 
I'' ,rJ. 

:r 

~ rr·>iv' 
' I.• 

f. . ' f '· ~ 

·1>-· --,; .,,,' . ,~' . ,~ 
, p, p,.y5 ,y5·'_P r5·.'. P r5 ·=I·· .1, 

~--

' ( j;respective of th~ ~elative parities), 1 

• .J : • ' ~ . '- • .-

',' 

.. ·,·- ·''. . .. .. . ',- __ ,, 
. r•>,(q) =1·1,; rt><f,l, r5 -.. q rs'· 

• J I ~ . ,_ <. 
r ;,rlr I. . 

5 . 5 

jl i 
·~·~· 

• j 
i . 

. ;'~''''. •, I 

(.1\f' ' 

if I 
I I,. ' 

' ,•. 

-.' ... · \"'::' '. 
if 1 =- t · .. 

I . '·c .I 

"· 
''· 
-p~>(q/ = i Y

5 I .. 

.,·,_ ·' '. 

fz~~·/,tlr .~. r ; 1,· q~, 1, '<1 
5 . 5: 5 

,. 

">,\, 

1. 
t 

Tile~ amplitudes ·'t:n and: . ; 1 

. ( 2,l.2 ): . . . 
are co~ecte;t<by ; a 

]· 
·1: 
J: 
:I. 

' . -!· rib) · .,· ,_. · .(· · ·1· rr•> ( 1 ... .l'. (q u . q . p 
' I • · 2 '- I -

I= l· l 

u (q ,) · F 11 (s, t) · ,;: 
a~ 1 ·---:"t · 

; l ~ . . \> 
' ·, ··,.· 

.. , 
:;(3~3) 

' 

I 

( 3,5) 

rel~tiori of . tYPe 

,, 

(3.~) 
· __ ,j\ 

. ./ 

I· 

... -_; 

t - 8' . • 

: :s r £ c·~.rrbJ(qJC 1 r £; (q ) rr•J(-~;'u· (q J F:;.I ( u, 
I 

J 
.. ~. /. 

\' 
;· 
1,', 

'i 

' 

't ..... 

i': f= 1 4 . - ,, ~ '· '... '- --~ ' ., .' .• 2 . 1 . ' ' ~ ;· 2 

·" ' . .. . . . . . . . . - 1. . ·, 
. It. follows ·from, .this relation that the invariant amplitUdes · F' (s, t) · of . proce& :. 

.. I .. I" • • I' ' ·~·· . . . 

,'!':· 1-' 

'< 



., 

"· 
," ' \ ' ~~ ' . 

. ' i 
. \_,:·'··. il,' -

ses (.I)' and. ( n) are _co~~ect.;d by the 'following ·crossing_ symn)etry 
I '~ , '· ._.. ' 

·. · 1 . . · l+,t · . · .• 
·_,·F.·(s,t)-:.(-1) ·F 1.(u;t), '" 
f.:;. ,I . I~ 

. where the +·' sign cor~espond~ to the ,case, 1
1
.=_.1·

1 
i while the', 

case I,,=~--~,·;_- -. ' '' : :::' ' ' .,· 

'· . 

relations 
'I 

" ( 3,7)' " 

· sign·;- to the 

}' 

.1 · Note; that in the elastic scattering proce~ses the. r'elative pa-;.ities' of ·pal'-. 
• • -- > ' - • ' ' ' - ' 

~ J 

'< 

·,...-· 

tl~les ~, th~ initial and finai. ~tates ar~ fue ~arne: , :• I; .;~ li 1 It follows f~om th~ 
' I . . ' '•' ' • .• ' ' , I. -~ ,} . 1 __... ·' ' I . ---- ' "'" .. ' 

time reversal .invariance that in this case the two amplitudes cF:- (·s, t) and F {s, t) 
' 1 ' ' ·I ; . 6· 1 . . · 7_ • 

. are_ equal· to ~ero 'and there e~i~t only six independent.amP..litUdes> Besides~· if / '---

- all th~ particl~s 'a~e · the c~rnpo;.)ents' of· th~ ~a;n~ 'is'~topi~ multipiet- (for ex~m~le;-
. ' ' ', ., > -' ' " '. ' ' ·, .. :· '' '', ' '' ' ' ' ]' ' ' ' ' ' 
m case _of nucleon- nucleon scattrr:ing), ~en the ':"mplitudes F; ('s, t? and, · F ~ ('s, t)' 

coincid'e, and •there exist o;uy. five' uidependent' amplitUdes:. " ' · 1 '. --
1 

\ ' ' " • , , o ',, '~ 'I 1 f • . 0 ' • _ I '\. 

The differ~ntl~l ~r~ss': s~di6n fo~ process- (I)' reads • 
'. ,I •. · • ' • 

\ ~ '~- . 
!, '(J.C' F- 1 rs. tJ; 

.·· 

'du 1 r .. t) 
dt - :1 

' 6.4, 17 .:\ k1 
:(3:8)' '' 

>'{ 
) .~ .. , '>\ 

·.,,. 

,·,"- 1 . ,' ·8 ' 
F .(s,t) -.~·A 

- :· ,· ' ; ' ~2 / ' ' - 1\ ' ' • 
B I F (s, t) I,+ 'Re . ~ ' A , B ' , F '. ('s, t) F 1 {s, t 1, • 

(' '' '·'' : :c3;9J . .- .. 

·i' 

' ., 
, , . ··, I 

ft:: 1: 
./'.•-

\ -

·The coefficients . A 

, I ·.I - · · II 1 II 'I ·, .· I , ,.-_ '-: · ;·,' .. •·: t< I ., "I · ., · :-.•··, 
'' 

·, "'\, 

- I ' , , \. 

, " , I , ' tB' 
',• . I 

, . A 
1
j , ; , B : satisfy· the equalities 

' ·' ! ' II ' I--~ ' . . 'I .!... 
,·~-, 

> ·, ., 

A·= A =A' , '~ A '=,A 
z· z~ 1 .,t: I·'· :1 !:'3,··\ _*' , 

A'=A =A, .A= A a•A.·; s 6 . Sf ' ' , ' •• ._ 11 
'*' ' ' ...... _.,·,. ,_·· ,'\ " •• ·.·,{ 

= ' B 1.4 ' .:/! 2 ";' ·B / =, B,u·' 

1341
' 

, •Bl '=. B4 
\ t'.· 

.. ,._, B ~· =· B: ·.,; ·-'B· . B.= 
s ' 7 ' 'S7 .'·,' 6' Bs··.= B18 , 

'I 

' 
A,;:--. :,BII 

\ ... ' 

0, 

'I 
' . . . . ' . ' . 

'·'A ;;,·A.~~A =·A , 
IS. ; .u U . 21' ', 

A • A - = A· 
,.,., 11- s•~-·\ 

'-

.. 'A dB11 

~;2 =_, Bu,;. • iJ;H.:, B ;~, 

B 
Sf 
.; 

'-

\ ' .' 
-B '= 

$8, 
-'.

'. 

B 
H 

·,- }.:.f'l~> 4 • 
- ' .-· , 

I 

··'' 

--~_nr···~ 

'• ~ I. 

"' 

:(3_:102 

'>' 
,' \. 

'"'. }-

( 

: .-- . The'., coefficients . A
/ l 

·- A' and A ·are' eqi.tat ~ ! t' 

and. 

'' 

' ,3 •\ 13 

' 
'2 

"-~~= _r~;'+ m2J~~t 2, .· i . . .- .. '2.' ,-,' • •.• ~· .· 2, 

A3 =% I (s-~)_-,(M1 -,M:}:-[t:..2(M1 +M.2 })[t,~(m1 -::m2}] I 
( 3.li) 

. ,~. 

... -- '-;, 
.' ··. , · '·· ·· ' ' 2 I . 2 .. 

(m 1 +m
2
1(s-:-u}

1
+ (m~-m;}(M2 -M1 }1, .·· . , . 

_Au \. ··. 
,'' ·,, 

·I 

·:4 ·· and 
7 

·A 
s 

A , 
·. sr 

1~are 
.I- . ~ . . . . . '"' ' 
readily obtamed from At,. A3 ·_ anci .r_A 1 :,-

··. "· 
\ .. 

·,\ .' 
',• 

,22 f'\, 

·, ,_ 

f; I 

'_. 

J 

;.· 

··"'· 

'"'':'-

•,' , . 

\ 

·_.J 

... ··-

:' '.t 

resl?ectiVel'y,
1
by the 'sub~titution>,m, .'- -: m

1 
• ,As for,the coefficients' Bi ~~d ,B_;/ 

. . ·.· '• . . ' -- . '\ ' ' ,\ '. . 
they are _deterrz'ined, depending on the relative,._ parities of .particles: in the' case 

r'~ I ·. ~· B. ;. ; ~.B. ' B ', B : i I B.:' 'a;;d B ;- are -.;btained from·· A I A-
I I l :t 12· · ,6 ,' f, . Sf,, ' l 

,. 
and-A ·, ' A ·, "A ·, and. A , ·respectively, by. the' substitution m ~ M 

:U s / , t · I , , S7 · , . · . , .· . . ' , I I 
in . the case · I, . = -1 : :- :by the same substitution·· from '4 , ·, , ·. •A ' , A 

_/and A 
JJ 

,. respe~tively, 
'·' 

',.,, 
' s .. r .·, sr A ~- A_, 

' -. 
. Thee ~ltfer(?!'tlal·, cros:s_section for, pro.;e~s (n) is determined in a similar manner, 

It i~ 'obtained from th~ diffe-;.ential cro~s section of' process ( t)' by the substitu- . 

·.tion Fr1 :(S,t). for '~1 (s;t)and.- ~~--~~- m
2 

., : , •; 
,( · I ; - . r ~, . ' I '· 

. , W~ ~~ ~o~sider the general ~ase wnen all eight 'ainplftUdes F 
1

( s~ t) cont-

·ribute, to' the asymptotic ~ehaviour· of the cr~ss sections. It~ fo;lows f:~m ( 3.iC?)' 
' • ~' . ' . ' . J \ .•' . ,· ' t • ~ ,r" . . ' 

.and ( 3,11) .·and, the· indica!!_ons ,after these~· formulas that in· this ·case the functions 
• • ' I·- j,. ' ' '-~I 

/ 

~~~~ .';.]·-->·.·,· -, ,··-~~.'']· 
.F1 (·s,t), ·sF ('s,t}, ·s:tF 1 (s,t),;-·sF (s,t), F (s,t); s F 1 ('s, t} ~. ;.F1 ( s, t1 .,;r(s,63 ;12 ) .. · 

\•" 

•·' 
• 'I'' 

',. \,, 

,'.-

!' 

t 6- ' 1 ._ 8 
I' ' ,1,·;-·\ '2·~ ,·,,3 i ~-"··-···~1\... 

··,, ., , ·,'·I . ·....._ 'l- , ' . /• 
1 

.. r. · 
·have. the _same asymptotic behaviour at-:s _.. and, for fixed t , , :-f"s well ,as in , 

·- ~ ~ . . ' . -' . ' . ' ' . ·, . \ .. . "'' ' .,. ' . '.', \ .. • . . - ,f 
the case. oC scalar particle scattering on spinor particles,· it. follows from Phragmen-

L~deiJf' s the.;rem. xf anci fr~m~ th~ · crc;ssing sy~~t{y , :ela:-tions that ' . . 

I• '· ,,'/• I > 

· : 'lim · · .E.L.L~ 

·117a(t)_-~· ·. i.; 1,2, -~·,! 6, + ... e .. ~' 
···.~' 

(. 

. .; :I 

'· ·~00; 
', t 

F" (s, t).•, 
I c, 

_ ·e'·t17a(t) 
'I.·+ .... -. ·, i_=-7;8'.<-o· (3.i3), 

. I ., 

\ \ I/ .. ,• 

•• • . . • . .:.- • :. : ••• . '•' - -1 '· :·.r ; ": > I ', . T . ·~. ,· ,- • ·, ' 

Fiom· o r~leltions ( 3,13 and the ·expressions for,' the differential ,cr~ss section·. 
. - ' •·.. . , I . - .· ' . . . ' ~ / ·' 

for processes (I) a'n'd ( 11) one, can easily see, that these cross' ''sections'. are 
• ' , • ' • ,·, , , •. ·.: • r • ~ ,. • , • ; ' I 7 I .J: 

·,'asymptotically equal,_}r:l-particular,-a:t .s_;~oo. 'and'for fiXed 't there occurs''the 

' a~,;riptotic: eque;li~ be~~e~ th~ diffe;~ntial eros~ ~ectf~ns f?r th~· pro~esses xx( 
,./._~ •. '. ' ,'/ - • : ' ' , • -' ! , ~_I ' « _', • ··~: '' • I ', ~ • 

x/: :Note that, -.while -~h~ 'cti~per~ion rela~ion~ f~r ~i~,.;_ nucleon ~c~ttering a~e, 
.: proved on the basis of general' principles of iocal field . the 'cry/ 8/ ; . -the . analytical'' 
. properties of. nuc'leo0- nuCleon scattering. amplitude. necessary fo~; proving:. theorem 

•. 2' 'are, proved oruy'. in any order of .'perturbation ;theory/ 33,_34/ • As for' the hyperon• 
scattering on the nucleon, then; as is' sho;,n<in/35/, .'the usual dispersion 'rel:='-ti
ons 'do -not hold' on the lowe~t orders of pertu rbatiori thery even' for the case. of 
forward scattering. The' analytk:al properties from which the -equalities 'of the-cross 

. sections for processes ( 3~14) follow are .. the hypothetical ·.ones, ~-

.. ~- _:_;~! ~ w~s 'po;nt~d 'out in' ~~'·pre~iou~ t6~~~te, ~e ~yp·o~esi~ ab~~t _the . 
' meromorphy of the hyperon-'nucleon scattering amplitude in the upper 'h8Jf_; pla:ne- s' 

(from 'which the, asympt<;>tic. equalities: between the . cross 'se.ctions · f9llow) is 'ns>t' ' · 
so tar ·proved; This also holds for· the equalities between· the .. polariZations . for, ' 
the processes -involving. hyperons.· · · · · 

' ·. ' . ' j 1 

/'I- J 

·, : ... \ 

23'·' 

·, .. ,: 
'· 

,·. ~ 
/' \ . 

'· 
' ,'..· 

',• 



,._ 

!•·'' 

... 
,.· < 

imd >" . p+ p -+lp:+' 'F, 

-+' :' - ' ' 
~ +:p ... ~++ p ·, 

·P +cP_,:>;•P +_p, 

. +. '' ~ .' 
-.~+p .. ~ +. ~-

~~' 

.and 

,··. 

~~ 

-~-+p->A+n arid 
. ~ -., . 

+ / \- + , .. 
.• ~ .+p'-+p:t-I and 

'.\ + 'p ... I-'+.n ,. 

- --!' '+· 
P + P .. I , + -~· ., 

J 3.14)·. 

: ~ ', ~ ' 

~--+ p_: .. ~+A: 
\ ~ I, 

and jj + p· .... :~.:..+,.\ ; ·. \ ,• 

:"It shoUld be noted': that int.the two :latter. reactio~s of· ( 3.14}' the~ momentu'm trans-
~- • • • ' .· / ..• ''· ·, • • ... j • ' .. ,' • 

fer' t ·iS measur~d betWeen the· initial' proton. and the final h)rperon (as· usual, 
..... ' ' . . ' . ' ' ·,\ ". . 

this transfer is denoted by ·a' ) ; Therefore; in these ·cases we . have the eoua.:.. 

lltY 'be~ee~ th~ c'ross section foj: backward elastic hh,~;oO..: p~otoh 1;;catterin~· -~nd 
• ~.' 1 ~- ~ • ·l . . . '. ;_ 0 • • --- ' _" \ .. • • • • ' • • ' • ' ~ • I' "' 

the . annihilation . cross.·· section of· the proton- antiproton: pair into the· :hyperon - anti-
·. . . " '' ,, . ,"' -.~ .' '. ·.- '. 

hyperon pa1r., ·,. ,: · 

\. ~ •, ~ 

, r. · 2. :.Asymptc;tic ·. Relt\ti~ns ·. b~~een Polarizations . •. ; , · 

_ , · · r. , lb .· · .·:;, ' ·: ' -~ -·. 1 · :, ·- -_ ~ ·< ·, l· 1 Y 'r . 
We denote . by· f . . and f · ; ' <the four- dimensional polarization vectors . of· 

- _.. . - . I -· IL \ < -IL J - '· • - - '~ •• ~ ', _. .' • .· .--. . •• 

the particles . a , and. . , 'b' '• respectively, ·in the. final state .. of process .. (I), ·by ; . , 
It ·•. ~- . ~ . ' · ·;·· ·, ~ ' r ' ' ".) 

' 'e ~ and em the polarization~ veCtors· of the particles' ,a ta'nd b· ' • res-. 
p. p. ' ' ·' ., ' ' ' ' 2 ' ·'' ' 2 . 

-' ' ·' 

i' • . :.; 
·, .. ~ '-

\ '~ ·,: 
'/pedivety; in the fin~ 'state of p~oce'ss·(II), ~nd ·by n .· ·the u~it· ~pac~Iik.,; 

, '. ', ·.; < ' ,;' , ' :, ' , ' , ,' ' ·•I!- , • , ' •:. ~ ·'· , . ,··I ,A' 
_"'fouz::;;yector proportional to <llaf3Y v;a qz{3 p

2
y. If the ~article~ in. the in!tiai.state, 

are unpolarized'then'the pola:rization vectors c/; 1
"! ·and 'e/b 'are 'proportional 

:' :· '.,' ' ' '. ' ··' :' ' p. ll ' ' 
to the unit .vector : n...:.. · · ~ , .. ·... 1 

' 1• 
/ e ,;~ 

~p. 

= P1"(s,'t}>n ;' 
p. 

;, !' 

"· y' 

,. '/b e = IL -

·- ~ . 
P'.~ts, tJ :n ·;. 

' . ' p.. ~ 
( 3.15) '' 

-~- :·; 

·, 
·' ;\ ~· 

• :''\;' -~ ,\' . :/·. ·< -·- .. ,·' ' . .. ' ,, ' 
Let us calculate the·polarization'·~of'the particle b~ in_the.final states of•proces-.·· 
' i -, \ ~. _,·· ... - 2.-: ~ ' ' -q 

s~s (I) .,and/( II). For. the first .process we h~~ 
. '' . -~ . . '\ 

l ~' 

'· P1b~( s, t) .,;; 2;R C('s, t} 'rm 
-- ,· .~ • .,'· ' - - . - I: 

· · · F ( s,t} 

'\ ,·: '•,- 1 ... ~_---'-._.""1·'.\._. 
A F (s, t) F (s, t) +.A F ( s, t J . 

12 1 - : 2.·-... - ·~·13 1 -

·- : 1 : ·- i . .. ' . ' }' .•. '·1 • ,j,' ' ' _·. ~ 1' • i ·:' 
+A. F ('tt}F (·'tt) +A F .('tt} F (4t} ',+A F h;t} F (l';t) · 
· . . ':U 2 . ~- <- .:U'. 3 ·, 4_ .·:II s; '· · I·' 

+A F
1 

ra r 
:·_. r ·-·:- · .. -r-: ··•· c---·,·~.·, ·_.~·:·, .·",· ; .. ·#·. 

(·4.tJ F (1'; t) +A F ( s, t) F (4 t) +A F (·1'; t) F ·' ('I'; t) '} 
·.8 61 I. , & · .. IF I ".1, .. ·. :· 

1 ,• 

F, (s, t} 
3'·. ' ·• ,:. ' ·, 

,,._. 

( 3.16) 

' ,, 

;---.·. 
'I 

·" .. 

function C ('I'; t) ·.. tending to ~ni~ a( ·8..... . f~r tbced · .; t) ·. • The expression the 

for prb (4!} 
,-. .. - .. -~,·: ... ·_ .· ... ·~ . .-~. n· - r· -· ~-

may b~ obtained •from ( 3.16)' by substituting F (4t) for• -~ . (l';t) .and 
't .. , . , . ·, ' , .. . I ,. .. ' . ,\ .'· , I ;. , 

·m~ m 
.z 2 

\, 

''j• 

~ 'J ,• ,\, 

"" '·.' . ' 
•, ·., 

•J 

1\· 

. __ ., 

i 

.t 

\ '• J 

1:' ·-",\·' 

As: iNa~ ~hown,: 'at to( fixed: : t . the funct~ons . F 1 (4t} and -Fl(-it) 
are asymptotically equal. It,follo,_;~,from relations (3:13) that f9r,the sbc first 

·s .. 

··.terms' in ( 3:16) . '' 
' ' ,\ 

•'' 

't' 
. ' . '' 

lm~ F 1 (1'; t J F 1 (1'; t} . 
·I .. I 

:while for the .two, latter ·ones. 
l 

n • n ·. 
lm • F '(4 t). F ('I'; t}, 

I \.: -~I , ' . 

Im- F 1 (1';t}° F 1 (~t)alm Fn(1';t)° Fn (l';t}. 
_I ! · ' 'I \ "l ·, 

' 
( 3.r7a.) 

( 

. r . • 

_(3.17b) 

o, • { , • ' I/·"" ' '.! f J ··; ·, 

How~vE!r• the c.oefficients A 58 -~ , a~d ·. ~ <fr _·., 
1

· of . these two latte~ 1t~rms are _prop or-:- · 

tiona! for large ·s to' the ma!Os•difference, ·m··.·- m .:and,'in'the ,transition. from' 
~ I' ' • I > ·,, ! ' ; ' ' •,' - t '' 2 ~ ", : I 

plb flit) into. pllb (l';t} one· should make the substitution 1m c-+· m .• i.e., in :. 
' ~ .',. ~ • _! • • -. ,. ' , ' I , ~ , , t. '" 2' , ~ 

this transition~the ·coefficients ·A· ·and/1 A change ·their.- signs, and ·the' 
, . .,. ,' , , , $1 1 J ,' ,I, • ' .• 6'1 _ , f ! '.. ~ , 

I, 

other coefficients do not. change' (asymptotic~lly). Thus, :.for .large 8 . the. pola-
l I , ' , , ~ \ .' : r . . '.. ' ·: • ! ~. - , · . , . •, , " t . 1 ' 

'rizations p1
b '(~tJ'. arid 'pllb il';t). ar~ equal 'by absolute value ~nd ,have opposite' 

,,, 

-• ~ ; - ( '. ' , ', ' - _'I . , ' • , : • ' • \ -.,, ' s ' ' /. .• : ' .• ·~ .I 

signs,· irrespective of, the • particle 'parities, '' > 

' _.. . . . ' -~ .. ' "'-

- .. ~ ' . '.· ., 
,'.plb (l';t} = _ pnb(l';'t)/ ) 1: (i.ia)., 

·,-- :' ' 
,:."': 

. '". Consider:· now the' polarlza:tion. pr~p~r;ies -~f: the . particle~ - a and . 
1. ' ' ' ' ' : ' .- ' ..-. ---~. . . • .•.. -' ' ·. { '. . ' .. ~ :z 

'-:-
a 
.z. 

processes ( I) .. and ( II),:respectivelyo' For the first process. we have 
._:_' . _\··-""·~,>.·-·.-·) .F ·._··· _._.-_: '·.-··> .r:._, ,:. ~ .... -_:-_!. -~ ,' ·-~l·--r/.-- ... ::_ ·. ,. _·,_ . _., 

1, .• pr.(4t) =2~¥-t 7C(1';t} ', 'bniB iF
1
(4t/ F

1
( .. i) +B· F

1
(s,t/ F1 '('it) 

. ' ' · , :F, .. (.!J ~) . , , . ,13 . t · . . .. 3 · . t~ 1 •• t · . . 4 , 

'· 

(3~19) 
:\ 

in 

I. 

·,,. . 

I • I:·. ' .. _ -:· ., . . I '? '' :' ~ ' I~··, :. . . ,.,_,,' ' I .. . ~ . ' . • I . . " 

F (·l';t), F ;('l';t}.+ B. F. (4t) F (&t) +B' F· (·l';t) · F- (l';t) '". ';, I ~-- ' 

,\' 

+B 
23 

2 ' -~ : ~ 3-: ' ,, 24. 2'_,.,· .·' -~ ~"-' ,·-· --~.8 \ 5 .:_,,· -~ -~· 

·.-.,.·.'"'. I .c_ •.••. · •. ' ·, I.~· •. r· ' >·-r··''-'~ ·.-;11 ... . ~' ,· 1,.: 
+ B F (l';t) Fr('tt) +.B F (·l';t) 'F".(I';t} 1+B6~.F (·l';t) ·F. (l';t) I; 

·; 57 . 5 ' \ '~ 1 . . ., . 6~ 6. . 1 ' ' 6 . > ,. -~ • 

.-, ~. '] '' • - .•• ·' .,_ '\ ' ' • ' :: ' j·· ::" --... ' " •• ••· : J " • • • : •• ' ;, ' 

~- (,..t) _and 'B;1 ; being deterf!lil'led, a';' earlier, 'whil~ .th;>. polarization ~f the, par-:-

_,tlcle '2r· :in proce;,s_(n) k obte;ined~from (3.19) by st.lbs'tituting zP (~t} for 
' '' l . c • t :.,. _-. '\ . '' ,;~ ·' "'•. ' ·.' ' ' .·: . ' . ' . ' . . '. \ .' . ' '· ~::..' ~ - -~ ''. 
··F :(~J t} · and m ... m · ·,.,Note; that for ,Iarge ··s. B · , are. independent of the 

- j I . ' . \ J .. _.!- ,2 - . -· ..,-- .· _--. / ' .... I' '•' ·. II .. :_ .. . ·- ' 
masses -'m · • and m '. Therefore; they· do not·· change in' the transition from .-

1 2 .' 0 
.' ~ 0 0 

"o ~ 0 
< 

1 
..... ·, -

0 0 < O ~ O ',' 

. to' p 11• ' ( l';t} ... It follows from asymptotic relations ( 3.13) that' for the 
four first terms in .( 3.i9) .. . .. .,. .. . • 

·p ~- -(~t) 
·:-' 

.. -.... 
. ' 

Im F1 (-~t)~F~('~i;~=··_:;~Fn('>i/rrr~tJ . 
I • •. · I , · · - '• I . I;·. ·- · 

( 3.20~)' 
I ·•. 

1\ .. , ; 

•• 1 " . ~ 
,I 

' __ -. '' t-·· 

'.- .. -
25 I? 

, . 

./. 

. ~ \. . ' 

' ' 

':-r' 



~ 

·-. 

·,, 
,;, 

and for' the four remair;ing> ori~s. 
,, ' ' . ~ 

,,.-' 
-~ --

,·..__, 

~ in~~Q·F~(~Q~· 
. I · I · · 

-~ 

/ . · ( ;3:iob) · 
. ~ ' ' 

! .'-> 
1', · z .. · · • · ' z 

~- -·~ F ('~t) F .(~t} 
. _!- ~ , , . I 

-~ / < ' . 
Thus; r in· the · gene~at case, when au llie. ~mplituctes i: 1 

(, tJ . contribute to. the 
. , . . . , . , I .• 

asymptoti~ behaviour. pf the cross sections there exists rio simple r~lation bet-' 
, ., ~ , ' - - 11• 

ween,p1~ ('it} and ·p . ("·,''; ·; 

.. :·.Consider the case of elastic particle scattering: In this:Ca?e, .'aO:: waO::.'poin.. 
. ' , ' . " , ' - f' _I • , ' 

ted out; F' (" t}. = 'F J (10 t} =0 i.e., the three last terms· in ( 3.19) are equal to 
,' '6 . , J .,· "" - ... \.' \ ··' .__... . • ',. 

zero. Moreover, in this case • M. = M , B . does not contain ·the higher . term · 
. ' -,, . . ·->: ·. (. ;' t . 2.,_. • 58 . . - ' ' ~ .. · .. 

· . :like· in ( 3.11) and' the fifth term in:. (3.19). does not give a contribution . ·s ....... 

'Theref~re, P'"·(:, tJ: are'determined .. by the--four. first .terms which chq.rige. t~eir·· 
· ·_ '-~ \ ,· -_ -·-.. . -.. 1. ···· ' . ·a. ·~· \-~-: .. ,-,_·. '~- ., 
signs in the . transition, from~ P . ('it}· to, P. ( ~ t} 1: • Thu;:;, in. the. case of' ela~tic 

1 •• • ,; ·' • or--"' . · • \ 1 • • • " , ·' , e . .- • .• ' 

particle _sci"lttering there holds· the follo~ing ·asymptotic relation . between the pola-,:-

a .··C:nct'.·a= :r. ··inpro~esses'{i) arict'(I_I).'. 
:z: . 1 : 2 . • ' . . ;-rization of the parti~les \ ,.,:-1, 

(J.21) > ·-.~·- , ·r. 
p ' rit·ti =- 'P._

11
" ('> t). \; •''- _,·.,. 

·;''consider someexamples·. fu·virtu.:/of{3~~8),at ·s~ .. •and for fixeel. 
• ') I' ',' !l 

·.the. 

re~oil pr~ton_polarizatio~s in the processes· ' 
./.' . . ... ~ -. l ·.·-....' 

. /. 

p+p .. p+p p+p .. p+·p 

.have the same ,magnitude and oppo~ite •. signs; the_·recoil neutron polarizatipns' in'.' 

the processes"~ : .,. . ' ·'! ·~ 

i~ +--~ ... >. + 'n ··and:' >: + p ·~ I~+ n 

and ·the: hyperon · p'olari~tions · in the processes 
' ' ,,_ -..,_ . 

' ..... _ j + ',, T •.f. 
''l: .+ p •· .. p·+ l: . ·and 

,_./; _., 

- ·> -+ .. , t
P. + .P. .. :£ .' t .l: 

,. 

1.~ 

I:: 

' ·, 

' ' \ . 

. are' also' oppo~ite lf1 signs a~d equal. by.' the ab0::olute valu~. In· virtue' of ( 3.21) " 
the nucl~on p~larizatio~ ( c~;~esp6nctf~gly:.:.h;,pe~on). and .the. ant;l<~cl~~n ·( c~rres- .-

~ondingly-a~tihyPeron) lnthe ~la~tic si;atteririg processes:· .. . ' . 
' -.. ···~· l ' . '. • ..-

,_. 
+·' :, . ' ' . + / ' 

. p., ( :£ ) + p .. p ( }; ) + p 
·- - + '', _!,. ·- --.;.-
p(I Jt.P'-:+ p(.l:.) +p.· 

I 
/ 

• ·j ' 
are . also· opposite. , . ' . , , ,, > 

·If ih:S.{nitial particle~ are polctrized, then in the angUia~ distrib~ti.;nsoffina:l pa.rticles · 

:. t her·.:. :win b~ the le~t-:- rig;,t ~symm~~; w'!' d~~ote ~; {r~t) a~d ~'t~o ~e a~y~n:~~ par~"7 ·,' 
' ' . ·' , . ; ; . ., . .- ... - , . • - ' ·. , . ' ~ - ' . . ~ . . . • ·. , , . ,' ~ I 

meters in the proces?es with polarized particles , a and b · , respectively. For these "·, 

qua;;tities we have exp~es~lon;,· anaiog01:.ts to' ( 3;~6) and { 3.19) (but notexactlyih~ s~~~). 
From the'se e;x:pressions we ca:nalso prove t~easymp\otlc relatidn .;,_-naio~ous to ( 3.18) 

. ' ' - '. ..-' . . . . •' ; .\, ' · . .,- '.''' : 

( 3.is') .. 'lb •' llb 
.'I/ . flit),=-., (:'it} 

' 
.I 

; ~: .. "<:· '·.-. ··,-: .... _'-

' . ~ t 

" 

' I 

'!1. 

In' the' generai case' th,:,-~ con~ection betWeen ~~- ('~t)' and 

. 'bu:t in-',!he ca~e of' elastic 'scattering· ~e h~ve .. . ~ ..... : 

, .r. ·. rr.. 
. I , -~., • ( ~ ~) = -. 'f/ '('>f) 

71rr•(-,.t).: is- not _so 'simple,·' 

. t • 

' \,"• 

'.\ ( 3;Z11) 

\ 

with {.3.21); Ir1 the general case ~e,have the f?llowing_ ~~ymptotic. re-
., ... · ~'analogy 

. I • 
lations 

,/, 

' 

·\' 

. I 

·., 

j 

", Ia, . • •11• • I 

· p , ('it) a- '1/ _(''i I)' 
'. 

' ( ., t}, ( 3;22) rr.. ' h 
,p ('~t)~~., 

. , .. - . :,_.... / ' . . - :. : . ' .I· 
I/ I 

irrespective of the relative parities 1
1 

and 11 • 

\ / ,'- ; • - •• ·'. '• r ' • • ..- ' .. • ~) ' ~ \ ' ' •' > 

'.· Re~ind ~':It; in 'the case of boson-ferll):iori scattering we ,h' av~. a,lso similar 

.~ 

.i 

relations ' { 2.28 )'. ·, 
"l>, 

',I ,·<. ,J ~ ... 
. -~ '! 

:.-. 
,w: ASymptotic Properties of 1the ~piitudes of• Pion..:Ph.otoprodu~tion ·. 

,/'-

and 'Comptbn- Effect· on' 

,we will sh~~ that 'the is~~6pic -~~ri~nce . of strong interactions and I Phrag.:. 
> 1 ' • ~ • , ' ~ .- ' \ I • ' ' ,. • ; , I ·, ' 

meir. Linde lot'~ . theorem· lead, to the' asymptotic e ~lity . be~een th~ . differential . 
• • " ·,\ ·< ~ ' .' ' • • ' ~- : ' - ' • I 

cross sections of the pro_cesses j ; 

'.f 
y+p-',. ~r·+·n· 

•'' 

/· ~ ·-
" ·.< ~.i) 

·'..and 
'\:· .. 

i (• 

, ( 4.2 ) I .''' ' 

) 

\ 
'I 
\ r· 

Y-+: n,'_,.~ rr-·7 p.•. ,_, 
·. '" . / . . . . '"' ,· I ,. •' --- ~ . ' • /.. . ·' 

processes under consideration may be'_ written as 
a,. :·l. *'-~ ~ t '. ,- , \ {. • a. '· ~: ~ , . -

. ·'J'tle amplitudes of' the 
\ . 

,;'' 

.'where·· 
I_; 

·-, 

\' 
~-. 

;:· 

, .. 

\' 

\ ~ \ . 

·\ 
·, 

:". 

T . .;.~:£ · u(p 1
) T u(p•) F ('it) 

2. . I I.· 1 ' f 
fat 

.. 
. " " -.zr,t: Ii :. 

,I . , . 
T 
.1 

T =2i,y [(q~)(pkf~~k}Cpt)l, 
f ·. . $ ' . '' . · .• 

T '..i,; [;(qk) -"K(~<)] ., 
3 .. _ -· $' . . . ' 

::r· 
• 4 

,, 
. ' ,JI4 ' A ', ·.: ~ . 

2i y [c(pk) -k' (pt) ] , ,1.~. 
$ 

,•,. 

\' 

~I' 

1 ••• 

. \ ·.{4.3) ~-
~-~:' 

, .. 
.\· 

!' 
' ',; 

!,' 
·-,.·-

. / 

(4.4)•·~' 

I, 

,.· 

·."< p .. and· . ,P •. <;ire the 4-momenta of the nu~l~ons in th~ 'initial and ,final .stc;tes, 
. 1 ·. z . \' : '•' \. . . 
' respectively, · ·.k ·and q are: the 4- momenta· of' the photon and. the .. IT -~~son, 

. • : ~ is the · 4-.vecto~ of' the photon polarization, ·.:..' 
",IL. · ... , . .·, ~ . , \.',' 

~ < . ", . . \ ' 

').' 

_I) 
.:-~. .27: 

,•. 

' . 

,·· 



'\, ;·"' \, 
,I ·, :,. 

; '.·>" :' 

" '/ I :, : 
L p·~~'-
1 ' 
' ,2 

's.:.(p +'k)
2 

'I. . ... 1 :' 

" ' 
- . .: 

u =(pt :..:q ), 
) • < 

t=(k-q) 3
, 

t- " • 

'. -. ~" .... -, 
., 

,. 

and ·a is 'the isotopic}ridex of; the pion.' It ·follows from· the i~otopic invarfance ._ 
, . / , .. ,· , . . . ~- ~ . _ __a,, .~~ ·. , -:.- , . , ;· .. __ . . ~ .. -. ~" 

·of strong 'interactions that .the ·amplitudes F ('0 t) · have the following- structure 
,. . . ! . / ' . .. I • • • • • I 

.. ' . . ) (1~5). 

., 

. ; - . . . . Jt) . . -. ' . . . . (•) .. · . (0) -
_Fa (s, t). ;., 8 I<'('> tf + Y,[ r , r IF -(,.t) + r F . ('0 t)~ · 

I - . )7.' I . . ' . a '3 . . I . a I 
"-. ~ --, ,·:: . . 

\' 

The ;;;_mplitudes ,'Fft) (~t), and·. F (D) ('Oif satisfy the -,crossing: symmetry. relations 
... I ,. I '. I 1 ' • ·- •. ' ' ·-· • ' ,/ • • 

/)' ~ 

< ' 

;f.o) • (,.tJ 
I .. 

(+,0) :· f '• 
F .. '(qt) , 
'I,';, 
. . , ' . 

: Ff+-,O) , ( .t) :._ F f+-,O) . · ( 14 t)' ; 
, ' .;./ ' .. 3· ' 

. I (•i I'.· : ·:· • • " ', ,Y:, , 

and F. (·,. t) .satisfy the relations 
I . 

·I. . . . . . 
. '~-' ., 1'(·)(·,. ij. =- F(·) ( q't) 

I I ·, 

". ·. i . .·. ~ .. - ' .• 
F(~> ( ~ t) '= F(·J.(u, t)~.-

. 3 /• ,• 3 • . . ' 

'i.' ;,, 

i_:_.t.2.4 
~,I 

' . 
',-~ j 

., 

i= .t.-44 \ 

1. " 
/The ampli~des ~~ J,.t)-a:nd F:1 ('00 ~{,process~s:· (4.1) and ( 4.2)1 

are ~elated' 1 to' the amplitudes. : rt1:.,o>(,. i) 'in ~e f~ll~,;;rig: ma~er-
. . . I . . 

1_, :; ./ :~ :.~,·_~----_ '\_,··,; '/'. 

F. 1
· (,. t) · = v 2' [ I">(,. t) + P'? (,. t) '] ; 

'·:. -:. \'1 :..__• ·' ~~ .~' _..'.·:~·· ',_;·, .. ':., '•,,, 

. F
11 

(.,; t). =:' v 2 I pro) (~ t)-:-F.c-> f'> t) '1 : 

''. 

/ ...-, ~ 

( 4.6) 

: ~ ~- _.· 

:·; 
., 
'y'·' 

( 4.7): 

,· 

" ; ' , , ·: . ; ' . , . ,. I ~ I , I' ·, ' . \ ,I. 
! _:__,...> v 

Therefor;;, trie'i a:n,plitudes 
'I ·. " .. " . ·.' ··,: 

F ('Ot) of·processes. (4~1-) and.~4.2) are ~onnected 
·I,'':"~ ' I . : j • I ' 

~-the relations .. '\ 'l ' 

,'. -. )' 

I, . . . . ' . . .. . . 
__._.1 ·, .~· 

; 
. -·. ~ .. 

u r . . ~-
F ('Ot) = F •(qt ).·, i =1,44 

I , · I · . .z '~ \ '> 
·~ 

\ ~' 
·(~.9), 

.. 
II· . ·. .. ' ~ 

F . (',.t}'= -.,F (q t), 
'. ;._ 3 , . 3 

I· >rhe d~fe;e~tia'l cross. sections of the 'processes. under, c8'nsideration are 
,· '• .. 

equal -~ , I ) ··· .. d.o(,.t· 

dt• 
~· 
64rr; k 1 

-·~· '_;-· ·:z ."' ~2 . '·· .. ·. 1. '~' '2; ~··,1' 
4(s-_M)(M-.;u J.l~ ('ljt)'l, +, 

. . . '·. ·-- '"" 
_, 

Y,[ r'(u:.:si2 -tu,...,4JI"J(t~,;;)11 jF 1(~itJI 2;£-t(~-Al)~i(u-!.! 2J:<.2M~(i.;;m:;) 1 1 I FJ'(~'t) 1·2~ 
. . ' . . 2 -- " : . • • : . . 3 , .. 

I 

I 

~~ ~[(~;2-t)(s-Ai 2J2 +(Mi~t X a ~U 1) 2 ;~A~ 1(:s-u; :ll f1{~ t)j \[ t(u~~)~_(;~4~13)(~ ~·~2 l ReF· {s;tJ, 
,l ' . -, . I . .. ;· ... . 4 . . . .. 

. ·~ :-

··<··· 

., 

0 
I I • I 0 

F 1 ('> t) + 4M('s-u)(m2-t) ·ReF (''> t) F (4 t) +~!(u-s )~ReF 1('> t) F ('it) 
2 1 3 1 4 

: 2 I • 
+2M [ t(u-s)-(t-4M )(t-m2) 1 I Re F 1 ( ljt} F hit) . z 4 

( 4,10) 

1 
+2(-s-u)( t-.~f)(t -m 1 )'Re F 1(,. t )F ('>t) 

, 4 

where M and m are the nucleon and p·ion masses. For fixed t at ·s .. oo 

this expression reads: 

1 1 z da 1 ('s, t) ~ ___ 1 

· dt 64rr·sk 2 
ll2s F 1 (s, t) +tsF ('it) + 2M ·s F ('s; t) I 

' 2 4 ( 4,11) 

+ I t·s F 
1 

(s; t) + 2M ·s F 
1 

( ·s, t) 
z 4 

2 1 :II 
I + 8 M 2 ·s2IF (s, t) I 

4 

1 :t 
-2ts:l F (·s; t) I 

3 

Using ( 4.11) and the crossing symmetry relations ( 4,9) and applying Phrag~ 

men- Lindelof's theorem it is not difficult to prove the asymptotic equality between 

the differential cross sections 

d 0 l (s, t) 

dt 

for processes ( 4.1) and ( 4,2). 

and d J1(s, t) 

dt 

Consider now the elastic photon- nucleon scattering. This is a self- crossed 

process. In studying the processes of scalar particle scattering on spinor par

ticles we showed that in the processes of this type the recoil fermion polarization 

is tending to zero at 8 ,.·.,. 

given case as well, 

for fixed , We prove that this holds for the 

The amplitude of the process we are considering may be written as 

T u (p ) 
z 

[ F ('s;t) + k F (s,t)l+(c,N)(c,N) [F(s,t)+fF(s,t)} 
1 z . NZ .3 4 p•.z 

(4.12) 

+i (< P'J(< N)-(< N )(< P') y F (s;t)+i(c.,P')(<,N)+(< 2 NX< 1P') 

y 2p' 2 N 2 
5 5 y 2P'~ N 2 

y k F ( ·s, t) I 
5 6 

where p and p are the 4- momenta of nucleons in trie initial and final states, 
1 z 

respectively, k and • . are the 4- momentum and the polarization vector of 
l l 

the photon before scattering, and k and < are the same quantities aftet 
:z 

scattering, 
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k=~ 
2 

p=~ 2 • 
P'=p-!E!.L·k k 2 • 

The polarization 

pY(-s, t) =2·sy=t 

N = ( 
a apyll 

P{3'· k ( k - k ) ~ • y l 2 () 

pY ("s,t) of the recoil nucleon is 

. c (-s, t) 
F(·s, t) 

lm l F (s, t) F (-s, t) + F ('s, t) F (-s, t) I , 
I 2 3 4 

F(s,t) =(4U'LtJliF (s,t) I2
+IF (s,t) j

2
1 

' . 3 

( 4.13) 

( 4.14) 
2 . 2 . z:. 4 ~ 

+ 'A [( s -u)2 - t2J l IF ('s, t) I + I F (s, t) 1·1 - t I F (s, t) 1· + ( M - ·su) IF (s, t) I 
2 4 I 6 

+ 2M ('s -u) 'Re I F (·s, t) F ('s, t)• + F (·s, t) ·f (·s, t) I . 
l 2 3 4 

The amplitudes F (>o t) have the following crossing symmetry properties 
I 

• 
F

1
.(·s,t) a F

1 
(u,t), i = 1,3,5,6 ( 4.15) 

• 
F (·>o t) =- F (u,t), i,= 2,4. 

I I 

Using the expressions ( 4.13), ( 4.14), relations ( 4.15) and applying. Phragm~n
Lindel·ilif's theorem it is not difficult to see that the recoil nucleon polarization 

is tending to zero at ·s .. "" for .fixed even in the general case when 

all the independent invariant amplitudes give a c-ontribution to the asymptotic be-· 

haviour of the cross section. 

v. Asymptotic Relations between Forward Elastic 

Scattering Amplitudes 

We have seen from the example of scalar particles (see I) that in the 

case of forward elastic scattering one can obtain the equality of the total cross 

sections, as well as some other asymptotic relations of type ( 1.19) if an additio-

nal assumption ( 1.14) a(O) = 1 is made, and if the reai part of the amplitude 

increases not faster th~n the imaginary one. We shall show that for elastic scat

tering of particles with spin at zero angle it is possible to obtain (assuming 

30 

( 1.14)) some new relations besides the equalities between the differential cross 

sections. The number of the relations which can be checked experimentally _in-

creases, if the isotopic invariance of strong interactions is taken into account.-

Let us start with a consideration of elastic pion- nucleon scattering. The 

amplitudes A (>o t) and B (·'> t) of this process ( 2.1 ), ( 2.2) have the following 

·isotopic.. structure 

{3a ('t) (·) {3a ...1+) ..t•) 
A = A ll +A Y, [r , T 1 , B = II ll + J.f' 'f. [ '{3 

~ {3 a ~ 

The amplitudes A f>o t) of the physical processes 

+ + 
a}rr+p .. rr+p 

l 

b 
1 

) rr-+ p -+ rr0 + n 

a ) rr + p .. rr-+p 
ll 

b) rr0 +p ,.rr++n, 
ll 

IT 
a 

1. 

c) rr0 +p -+rr•+p 
and of the processes obtained from ( 5.2) by the substitu,tion p .. n 

are connected with amplitudes ( 5.1) by 

A0
I = i+> - i·> , A

8

II = 
. (+) 
A + A(·> , 

b b .7'> (•) 
A r = - A II = - v 2 ·A , . A: A(+> •. 

The same equalities hold for amplitudes ·B(>o t) either. 

( 5.1) 

( 5.2) 

+ " .. " 

( 5.3) 

Note, that in case of forward scattering the differential and total cross sec

tions are expressed in terms of the same function 

I 2 
du 1 ('! t) 

dt 
I= 
t=o 64 rr ·sf 

I (s) I • 

= a
1 

, a
11

, b
1 

, b
11 

, c , 

1 
lm I 

1 
(s), =a

1
, ~1, c, 

u
1 

(s) = 2h/s 
tot 

I 
where I ('s) is given by formula ( 2.33) at t = 0 

1 I I 2 2 1 
I (s) =I (s,O} =2MA (s,O) +(s-M -m VB (s,O). 

( 5.4) 

( 5.!?) 

One ·can apply theorem 1 to the functions 1 1 
(·s) , what leads, with account of 

( 1.14), to the asymptotic relations 

( 5.6) • •n • I 1 ( s ) ~ - I (-s ) , 
b b • c 0 • 

I r ('s) =- I 11( s } , I ( s) =- I (s ) • 
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It follows from ( 5.3) and ( 5.6) that 

lm f•J(s) = 0, Re f+J (s} = 0, 

and therefore 

lm [
0

I(s} 
• c 

lm f f1 ( s) = lm f (sJ, lm f • 1 ( ·s} = lm / 11 (s} ~ 0, 

Re / 1 (a}=- Re 1"1r(s), _1_ 
y2 

•1 1 • f (s)=-- f ll(s}, Ref (-s} ~ 0. 
y2 

( 5.7) 

( 5.8) 

All the relations ( 5.8) can pe checked experimentally. The equality of the ima-

ginary parts for the processes a 
1 

of the total cross sections 
a rr ' 

+ -
a ('1Tp)=a ('lTp 
tot tot 

c leads to the asymptotic equality 

,. a ( "o P ) • 
tot 

( 5.9) 

The first of these equalities is Pomeranchuk' s theorem/ 
12

/ , and the second one 

was suggested in/ J. 21 from the analysis of the experimental data. Furtner, we 

note that the charge exchange scattering amplitudes /1 (s) and t"~r (~ for large . 
are real. Then, using the equalities ( 5.8) we get the following interesting rela-

tion between the differential and the total cross sections · 

[ d;1 (s,t) 

dt 

y, al1(s,t) 

dt FO 

1 

16'lT 

+ 2 
[a ('IT p ) J 

tot 

( 5.10) 

The relation ( 5.10) is a generalization of equality ( 1.19) to the case of charged 

meson scattering. It is seen from ( 5.8) that equality ( 1.19) holds, without chan

ge, for the cross sections of "0 - meson scattering on the proton( process 'c' ) • 

In such manner one can show that relation ( 1.19) holds also for the cross sec

tions o' K
0 

and [{
0 

scattering on the nucleon (if the weak interactions are 
1 2 

neglected, the amplitudes of both these processes are equal). Point out also that 

if (1.14) holds, the amplitude for the process K• +p-+ K0 + p is real at t= 0 
:r 1 

and ·s-+oo • 

A somewhat more complicated situation occurs in the case of elastic scat

tering of particles with spin 1/ 2, when we are dealing with six independent inva

riant functions (or with five functions in the case of nucleon-nucleon scattering). 

Instead of using the formulae ( 3.1 )- ( 3.4) with F 
1 

(s, t) = F 1 (s, tJ~, it is more cor>--
6 1 

venient in this case to write down the amplitudes of processes (I) and (II) as 
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·- ,L ·-· 
> ,·'' 

J ~ ,• ,: • 

;, - ./• 

'/' 

' 6 

T
1
,= k ii (p 

· ·I= t.~--b ·. 2 

(b) ,;" - . . '-(oJ' . I . ··i 
r, (q) u (pl u (q l r .CP J u (q·IF. (s,tJ. 
· f · b. t a. 2 ·• f . . · ~· :· '!I · , 1 · I ·· 

( 5.11) :: 

': 

·'where 
··.·• ... .-'. 

'I 
/ I I 

'i' 

!I 

, ...... : 

' .. 

'--: 
.\ 

'(•) ' ~ . " . . " . ' ','""' ' ,~ . r = I 1, y ·, y ,, 1, ·. p. ·, p I 
1 a 5 · · · 

. r(•J;., 
·,.. I 

" 1, 'y J ·y .,. q J 
a· I· 

" ' q ·, 1 

'' 
( 5.12) ,, 

'· 
I'·. 

' ( 5.13) - '~ ( . 

~- ,· ~ 1 / ..... • . ' f ,_· • • • _: ·, '\ ' -~ ~ • \ 

while_ · p and • q . are .given ··by th~ formula-'( 3.2). FOr nu~leorl-nucleon scattering · 

. F J (~ t) \ = F J (s, t) 'The crossing ~y..;jn:eu; ~~lat~on .'preserv'e~ it~~fc:',!'m' (he~~- . ' 

/ : = r ) .: Besides, the, hermitian· iinct a_.:;tiher~man ~arts . of t~:te amplituqes ·a.re gi-
' f t ' ' ' '\ 

'-Verl by' 

v 1: '.. ; . ;; (p) rM(q~ ri'(P);; fq h.!•J: ( pl u }q l 

., . 

'I~Z ",.' b 2- ~I · 1 ~ .-' ~· ·a ·~ 2. , '. ~. ~' •·; ·l 

/ •, 

Re . F 
1 

. ('s, t 1 , 
I . . 

. '" _,·-...., 

--~-(5.14~' 

. I , 6 _ ,. . (b) , ·- .. .. ~(a) · . . "I' ' -' . 
A = :s u ( p J r.. · ( q} u (p . J u ( q , ) , r .. ( p ) u ( q, ) Im F ('s, t1 • 

'- . b, 2 1 .b l !I: 2. ·I · ,, :·· 1. ~ · l .· · I 
1 =.z , , · 

The choic~ of the- matrices ( 5.13) is, ~c:;;nvenie~~ becatise it ·~How~ _to. dis-
. ' ' " / . ' : " ' 1 ' ·.. ' i' ' ··-·. ,\. ',·. -.;-._" '. , • ; ••• _,·.-· ., • • • ·.- :, 

tingush th~ amplltude. F· ·. ('s, t),with_the s':'me mc:trn~- structure·.as the Cmllomb-
.. . . ' .· . z .· ·, . .· ' . .. ' . . . ' ' •.. 

. one. ·For:, forward· ,scattering (under, assumption · ( 1.14)) .· the~rem 2 ·enables us 'to 

. .f. 

,\ 

prove the following. ~symptotic relatlom,;' ' . ' ' 
. '. ' . ' ~ . •>', I ,, -' '· ; .. 

; 
1,-· 

.Dr. .(s,O) ,.:_··Dr1)~o)> 
( 5.15) ' . _,. 

; ~ ' 

\ 

·.' 1.. . ,, ' 
A ('s,O) 

'• ..... :, A\1 (.s,Of 
..,, 

. . . , I 'i • . ' , • . ~ - , .--.' ·,. ,. . ' ' • • 

- -:The second equality __ ' 'leads to Pomeranchuk' s ·theorem ,about the. 'asymptotic equa-

'lity_ of the- total. cross s~~tions 
I • 

·.·· . ' .. 
a (pp 1 .:.a (pp), a·.(kp]"'a (lp) 
··to~ : .:· '" , ... , tot"'~ ., 1 to_t . tot . 

·.The~ first- equality ( 5.1.5) ma:y 'also be V:erified 'experimentally. 

: ,·, '. 

'· ·- :· 

·' 
\ · VI.' The Asymptotic-· Behaviour of the . V'ertex Part 

On the basis of the perturbatiol'l: theory .considerations one may .as;,er/.J.~/ 
that the vertex part r, ( M z , M: t) is an analyticED function, of the variable with 

'\·'<cut al6ng the p~sitive real ~is ,t ~ qz • u:i~ 'well-~nown' t~at i~ the · 
1 ' ',- ' . ·~ • • ' ' .- ~ .• - • • • ' : . ,' \ .: -~ ~ , .• - • 1 •• ; . ·• ' • 

local '_theory the fonn- fa~tor increas!"S not- faster:: , than a. polyn~mial, in_ th<;> · comp.-

'lex plane : t. , • This pe~its. to- draw. c.,;rhin c,onclusions about· th~- asympto-

...... , 

·" 
... , 

.t .\.. 
,, .,-

·, 



,:, .. 
'•'.' )' .. ' ,. 

~ ... 
v i•: 

<- J ' . -}:--
\'. . \" 

'e 2 :-"approximatior;t );:;-"' tic 'behaviour of. the pro,cesses _which are described in:the -!!' 

· terins. of the electromagnetic ·form- factors: Consider, ·for,· instance; th~ processes 

. of electr~n- proton . ~c;,_ttering and the. proton and, antiproton annihllati;n into elec-'-
1", I , 

1
.-, . . •• ' ' • , , , ' '• ' • •• • . J' " ~ '.; ~ · 

tron and positron. 'The cross. section. for these processes is, expressed 'in e2 

app~oxlmatio~ in 'terms· of the ~l.ectroinagneti~ form-factors F (0 and F (t) or .in 

t~rms of their ~inear ~omb~ati,;ri;;,/ 371. . ' · .. . : . 1 
· , 

2 
• 1 < 

,_ .. 

. G (tj 
.E 

=·F (t)+-t-·fL F(t), 'G (tJ;.F.(t)+fL·F (t) .• r 
. ' . 4U2_' 2. ' fL ' ; l' ~ 2 

{6 .• 1) 

, , In the first process"' · 

; 

is negative/ whil~· in the: .second one is posit_iye. 
•, 

' '~·/ 

'The behaviot.ir' .. of the' for~ factors fbr large .neg~tive' .t. was studied on . - - ' . ' ~ . ~ 
th~1 b~sis of· numerous experiments on eiectron-,proton"_.scattering. J.X!der the as- · .. 

' / . ' ' ' .. ', •· . ,,' . . I . •.• . ' 

sumpti6ns we· have made it should be expected that. the same ·behaviour· must be 
•· · , , ' ' ' -. __- I, '• • . • { . I _ ' ' ' , , .: .,. 7 ' • • • , "' : r • • '"'. • ' • • • ··~' • • • •• 

observed . for the. form- factors· at, large pos1hve t (to be more exa<;:t, the ab-

,soltr~ ~lues oLthe ra~ios. · ~~ (t)IG
1
_(•t) ;i_=E,~must:~~~d toil/at,·~ t~~;.,- ) •. 

Let ~s emphasize also' th~t sin.;e for. t < o · t'1e. functi~ns F (t)·' and 'G (t) 
' • , ', ·~ , > ,: : ' • • f '. ,· •' , " . , I ' '>' , ': .I· ' 

···, j =' E, fL are. real, .. then in virtue of, the,orem' 2 at f;.+... theEie functions must 
' . '• ' '. !,. ' ' . ' . ' . ' ·1, . . .· 

be ·real' and :·. ·G (t) +G. (0.) 'hr I tj .. .o .. ' ·alopg'any complex way, '.if' this limit> 
. • . . , ./ ·' , -I , . . · , , '. · . ' ' .... I;' . . .· · ' .; . o 

·exists· for .t~-.. (as this' is il'!_dicated .by :experiment). 'Here, just as .in case of 
,. ~ - • : •• • • ' "7" ... • .' • • ' ,. :' -. ~ •• - • ••• • •• ; • • • -: ' • .. ' 

the' tWo-partiCle Greer:.··function,, u;e vert~x functio~s .satisfy the dispe~~ion rela-,. · 

.:-·' 

' 

'\, 

_tion.··, ·,; 

·act>·;,; ·a ; .. ·)+~.jr,;,·c, 1 (n 
·1. I. J . ,·rr, 4~2· t'- t': '' ( 6.2) 

dt~j=,,E,fLI. 

',', I;· C · (oo),;, o·~ 
\I · .. 

•'' 

.. 
·, ,:. I·' 

/ 

·· .. · 

, .. s u m ma-ry o ( .R·.e s··u·l t s 

. ' ,. "~ ' 

Basing· on• the prmciplex of loc.,;_i field' theory an_d on. the ~sstrmption-that 
> • • ' - •" "< ', ' '• • s '. ' 

the aii-tpiitude·;,~ of the s~atte~ing proces;;es for·fbced momentum transfe~ -~ t do 
' ' . ·'·· ' '.' ,.. ' ' . ' 

· not oscillate; · wh~'n .. the energy squared s .. .,.; ·- , but 'have a definite ('e.g., "po'wer 

or logarithmic) gr~wth, we deduc~. the following phy:icai . .;ons~quenC::e~~ :. . . .~ 
' , ' • .- ' ::- •• ·~'• • >' ' •• ' ~ • 

1.. At \_;igh energies .and for 'fueed ,.;,omentum tr;,_nsfer there. t~ke place the 

. ai~~ptoiic equ'alities between ~e diffe;~~tial cro~~ seCt~oii.s d~ ('s, t). for f~llowing 
. . ' ' . ' . • dt 

.. pairs' of processes.' 
,f, 

.. '- ~ 

+ + 
rr,+p.+rr+'p 6.~) _rr-+.p -+27'--+p·, -

:, ... 
. (7.2) + +. 

• K + p .. K + p' l(+p ::r(+P 
,··, .. 

,·, 
\• 

. \· 
., .34' ·'. 

' ,,. 

''· 
':" 

+ ' K+ -<-+'. 
rr ... + p -~: +·~-. 

.,"·1· 

" -I:.P. K0 +A 

'K + P -K~-t;E~ 

. .. , ... 
K,-.f. p ~ rr:-+ :£+, 

. K0 + p .. ~++A, . 

. +. 
K"+ P .. K + :=,o 

,,··, 

(7.3) 

(7.4) 

( 7~5) 

·.:, 
+ 
I'+He.+p-f:He~ 

·- ·. -+ . 
p/+.He .. I.+ H~A (7.6) 

I' 

•' 
i' ,: ( 7.7) p+'p .. ~-p+'P . p +' p .. \ .. p + p 

-+·.. -+ ... 

., 
I i \· ~ ' '+ ·. + 

I + .P -:- :£ + P :• I 

'> 
,<' 

·.:£,+ P :A+ n ·. 
~. 

I+.+ P "p + :£+ 
I. 

.~I-:-+ p .. ·n·+ A 

'/ 

I +.,. p .. I · + p , 

;I. 
X·+ P· .I-+ n I. ,I, 

. ' 
-+ ·+' 

. p.+ p ·:. I +·I '· 

':.n .+.: p :£-+ A 

'(7.8) 
I' 

•'' ( 7.9 i. 

A.7.H>f 

( 7 ~11} 
·<' .,_ ' ~ \ 

( For proving·. th~ 'e'qualities be~ee~ the 'cross :sections . for processes' ( 7.6) .. and 

,·\ 

''' • • ., .f • ,' ~ -, • - • ·' • ,' - : \ : • ' ~ I . . • . ,· • . .._ . •_' . .-' 

,(7.8).-(7.11) 'it'·is nl'!cessary to ~!lake .certain assumption about.the analyticity~'of ,., 
"' "• • 'I • •·, :,..-, l '• ~ -,.' ',' • • ,"· <' ', ,'I > • •, ,· ,'· ' :• I \•, ~ • •'' ·, • • ' ' : • 

the' amplitu~es of the~e- proc~_sses);··,Jn'all· these pr(lc,esses . · t ·is ,deter')'lined _as 
.·the momenh~m tra~sfer > bem:e~n'. the: flrst particl;, cit 'trie beginning c a.:ld' th~·. first 

' . ' . . . " ' ' ' ~ . ' . 
partic::le at the .end. of the ,reaction. In· more i:usto~.,;.ry notatio,.;s_ processes. ( 7.10)' 
.. ·,.. ' • ' ' ·~ ·,· .- 1.' · •. - ~--;· . •• ·, ·:-! --·'· -· .~-' '. '.' .. ,,_' 
and ( 7 .11r are. treated tor. fixed · u' · (there. occurs· the' equality betWeen the. dif.:. .· · 

. I ' - '. . ' . '" . . . :. -~ i ' -~ I . ,: ,' . '. . • : ' • • •• • ' • ~ Q • 

· ferential cross· section Jo'r the. backward 'hyperon: proton scattering .and the anni.,-' 

\ ,_· 

_·· hllati~n.' ~ros~. se~ti~ri . ~f .. p·~ot~~ ami• anti~~~toh i,..;to hyp~ro~· ,;nd, antihyp~;on): . '; .. 

~-

2. 'The': re.::oil. fi:mnioJl polarizations in proc,:-;sses (,? .i }- ( 7.5) .are equal· in ' 

. ;,:bsoli..tte. value and opposite·};.} 'sign's' at ·s~:. ( ii.the' 'm.e~on•is' scatte'r~edon .an 
·, . '.'' ·.•'. ,1· •• ' ' " ·' • ' " ' '· ', •, '- • ,'. ' 

f!>Oladz.ed h~drogen targ~t, the asy~etry co~fficient in the· first five p_air:.~ ·of 

reactions a:re 'also equal. by magnitude _an'd opposite' in.· sign) •. 
• '( _' / ' .• ~- I ' , ·, - • I ' ' .. ' _- \ , , '' '' . • I 

'The' meas~rem€mt~of the ,fermic:;m' polar'izations in· the\ final' .;;tate"in processes 

( 7:6) all~ws to det.;,~mine the' relative .parity,' of .:£ . •. a~?- : . A'. ' hyPer:ori:S: if I . 
: , ,.. . . r- • '· 'I _,. 
I · = f , then. these ·polarizations must be opposite in ·sign (and be the same ·,' 
~. . ' . ·. . . . . . 

. by ~bsolute value) :at J;igh energies. lf, on the'; 'othe~. hand,. I~ = ..:.1. · -: , .then 

' the. polarizations must coin~ide both' by_.. absolut-; v:alue and 'in sig'n. ' 

. ~.;, fermion pol;rii~:lo~~: i~ reactions.·( 7. 7'). and• ( 7.8) sho~ld '~e opposite 
. I J . ' lip " IA ' '. IIA. . . ' . ." ·, ". ',' .. . ' ' ' ·. ' ,. 
P , =:,:.. P · , /

0 
P =-. P ·· ., etc. 'The same holds true for. tJ:.e. neutron P'?lanza-

. tlons in pr'oces;,es '( 7.9). ' . 
' '. '' '' ' ·.I. : ·. .. \ 
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The. rec~il fermion poi~~i:w.tions . in the reac;·tians · 
''· 

I.Ko-. +p ... Ko·+p,,.,_ 
/ -~ 1,2 < -t,2 

'( 7;12)' \ 

\ 

,-K·-:.f-· P 
+-~ \ -

K + E ,- _( 7,13); 

~ ~·'. 

. y + P .. y. + . p' (7.14)-
,. 

• > • •,' I ' '· ., •\ 

are vanishing at high energies, If the. isotopic invariance of strong interactions 

assu~ed, one can show that 'the re~oil·n~utron- po~~ri:w.tio~ i~-the process 
';- '.- ·_ .. : ~ ~; ' "' ·- ::_ -~' ' .,( / 

IT-+ p .. IT•+n ' · (7.15) 
•, 

I 
,_·. 

/ 

must vanish •· at high_ energie7; 
/." ;,-·- .. · .. '. .., ' 

. i If the abs'o~tive part Of the' ~iastic S~ttering amplitude .beh<l.~S like' 
• ' . f3 ~ . ' , . . ·- • . . .· . . .... \ . .- , ' . .·. ·, . I , -~. ·- . '-

e,g,, s (ln 's) ..•. wh:re . -f3 J is. an a~bitrary :'real l'l~ber, then. there occur . the '-

as~ptoti; equalities~ b~~e-en the total ~r~ss section;;' fa~. particie. and·: ~ntipar- -
. . ~ _,_J ' ' . / ' ' ' ( •' \ ' -:.. . • ' •. I 

' ticle interaction at high energi<?s 
. :', ,~ .. 

·-a·.' ,.,. 
+ 

(IT p ) 
.. ' ' ;... /.. . . '+ 

• · U\ (IT.- p ) , u· ( K p 
t•t>,. ' tof . 

) .,; u ( K-p), 
fo t 1 ~ • ' 

(7.16). .. ' :·.; 

. ,. •'• '·· ·" 1 

u (! p')~u (!p), 
tof . · (, · ·,· ~~~-

( 7~i 7) 
u (pp) .. u (pp);• 

tot " ·._tot ., 

Und~r the· same asst.imption 
' ' '· j • 

· · 'scattering 'at neutral meson 
~. . 't .• - ' 

the dllferO:mtiell ~cross' 'section for forwa~d elastic 

o'n p~oton is. p;opo~tional to: the total cross. seitian ' ( 
~: __ ...... ,. ~ ~ . - . - ·' ,, .. ~ .:: 1 .- . 

t '\ .... 

squared, 
,;:. 

• .J ~-

:;v(Ko +p:.Ko +p). : .. ·• l ''?. I 2 (.- _._-_ 

·' dt. ' ' ·:-J,.;_o' '•l61T 

. [ u (1(0 . i>' )>] 
·-. 1,2 .-

. (7 •• 18),': 

' . 

If we take.· into . account the isotopic. lnvarnance 'of stro'ng inte~;,_ctio~~ •. 
. ' .. . '. -. - ' .._·\\ 

get- '_,.._ 
\ 

- ~ '+ ~,. ; -,• + 
du'(IT'+p-+ IT+ P) ,._1_- [u (IT;p) l 2; 

tot ·' _ -" .. 
-%' 'uvl •• ,,_.,. "' , .. , . ·,. ,\ 

c; ;19) ,. •· FO _J6rr; dt .' ... 
·r ,j > 

·,, 

Everywhere_ the sign'' A''., B ·. 

'equaiity' ·•. 1" . k, ~ 1 >' . 
"' 1m .. -- .• 

' ~-,I_. oo _ B 

-/ 

. ~ I·( 

( 7;20) 
u (IT+p_)·,.·u(IT0 p 
tot; · · · ·,, 

·~ ·; .._' 
shoUld' be•.understood as. a s-ymbolic' writing of the 

' ~ ; ' ' ·~ ·.· 
; .. 

/._\ 

. ' 
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4~ If o~e takes into :account the ·isotopic invariance (together ;with· th.;, pr;in:. 
' ~ ' ; \ . • . ' - ' ~ t --: - • '· "~. - { ·-. \ • 

·· · ciples · of. the ·local· theory) it ·.is · po7sible, to ·prove the asymptotic equalitY . between 
. . ' 

·'· 
. the diff~rential ;cro~s Eiectlons for' the ~roce~se;, . 

/.21 

-·.· +" 
y+p .. IT+n 

for, fixed momentum b·ansfer •. 

·a'nd. y :1- n IT+ P, (.j.2i): 

5. The limits I of the form- factors at t .. i oo.. are ·ecjual, It .follows from . - . . -~ . .. 

~ 

' here that in . the e2 
. app~o~imatlon_-at high ene~gies the diffe~ential C::ross secti-

. - ... "· 
~. on.s for t)'le processes ! 

·, 
'.· ,I 

_,,:I . e-+ p ... e-+ p ,and p,+ P e + + e 
:_:, 

( 7,22) .... 

,• 

.. 

' ....... 

'/. 

·.: must col.ncide, . ,_~ '.". \. 
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}.' d d e ·d in Proof 

\ ·\· . . . . 
In a ·recent paper ~-by Logunov A;A,,· · Nguy€m van Hieu and. Hsien Ting-- " . ' -

ch;;,_,:..g ( preprint .;{: :n:r,JR Ji.c1550) the method: dqyel~ped he~e was applied to 

study. the 'consequences, of 1 'the . higher sy~me~ies . of str'Ong interactions: In. par-' . . . , . ' . . ' ,, ' 

syrmnetries (unitary. syin -
" ~ , .. • ' I . -- '• -

meson- baryon interaction':'· 
ticU!ar, it was shown that:iri' any model ·with higher 

. . . . -·. ~ '. ' . ' . . ) . ~ ' ' 
JUetry, ·G - .model) all the .totaL ·cross sections of 

2 . · ·; •, . · 'I . · 
are· asymptotically equal; 'and the polariwtions in . the ·charge exchange processes 

. , " ·I .'' - ., 

tend to zero :at s .. .. • 

' ' 
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