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In c~nnection with the interest in experiments with.· . ' ,. .J ' '' '' ' ' ' •': : .,• ' ·.·· ', •' .3 

polarized beams of 'J/e nuclei the problem of me~suring the, /le 
polarization appears. It seems tha~, the ,r~aetion 'p (3Jf~ 1/e);,.+ 

' '' 

on the polarized hydroged ta~get is ~ppropriate f6r this' pur-
._:_.-, ,,-, 

pose. 

1. ·It follows from the con~e~v~tion'· of the anguli~ :momen

tum arid the space parity· that in•;the case ·of reactions,; of. the 

type'~+~...::; OtO ·, when two- fermions with:·spins:of,1R tran~.:... 
form· into~~two spinless ·bosons i the .. transitions. from fermi'on · 

singlet state· are forbidden ort condition .that the internal 

·parity· products-• of the·-· ini tial•< fermions and the final. bosons , .. , 

are oppo~i t~:; [ 1 .·~ ~ ir Therefore' in vieW< or' th~ fact that:~~ .• 
. · . .. . . . , .· . , . . J If . 'f/1 + . 1~ the pseudo scalar meson·, the •• process 11e -tf.-'~ 17e,+~., is 

possible only when~ the total: spin of the'% 'nucleus: and .the~·· 
' (, '' ' ' 

. proton equals-'uni ty ·(the triplet state).: 
~ -+ ,' 

•.·Li~t·f:.J. and'fJ -be: the·' independent~ polarization vectors-of· 
3 ,' .... ' ' 

the.Jie nucleus and"the protun, respectively. It is easy to> :· 

show ;that t~e 'probl:i.bili ti~s o('det~c~in~ .. _th~ {~;},-sys~~m in 

the triplet states with the total spin p~o.jections H:::::!d./0 
to the ~/e.~o,~en~,~~ar; t·~e~ ~~llowi~g:' .• :· . • -~ ·.· ·•· 

;·A/, (tf = · .. 'j_' ·(''j_ :t''pl) {1 ±[i) ( 1) 

VV+ 1.. 'f ' '; ' ·' ' ' ' ' I ' 

,,(2),, . - (I) ·. [· . ....; ~ 0 ·~ -+ ( _, 1')0 
,; ,\A I ,:•::::. _L·: ··1.·-+ R~--~,2: RlJ ~f/ ; : vv 0 ''I .. ., ·:. .1. ~ .) 

where l is' th~,:~n'i ty ',\rector ·iri ·the'• directio'n·~ of the 
3
}/i mo-. 

mentum. 

a.,VIfll~. lh.ii. ·", D:.II.iJI~
IItlt!IWI ·Kt'Jf!DJIUII 

IH&IJMOTEKA .. · ···--

•'.' / 



The tota{ probability or-···!letecting the' triplet •states 

is e'qual' to· .. 
·. ·.·· . (t) . . ( .. -) ~) ···w·. ; 'J_ · 3 rR·P. 'I . .J -' . . . . . . . . . . ' . ..) ... 

~ - \ 

(3)" 

and the probability of detecting the singlet state 

. (J) - _j_ ( - .... ~) .. · ... W , -:- ·LJ-' ..• l.(: .. B R.. •.. ., (4) 7 .J . • • . 

2; .•Let us:.consider.the case.::of ·.the·.flight .of .the. final . . . ;· . 
. . ., LJ /til •. -t. 

nucleus, produced ·in the reaction Ile + P ~ fie +.:If 1 .in· 
1j 
'}Je. 

_;,-

the forward ·:direction. ::Then, in .consequence. of .:the ·conserva-; .. , 

tion 6f the projection of~the~total a~gula~nmomentum,"this; 

process is::.p.ossible only at the zero, value. of; the :total spin , .J • . . . ' l 

projecti·o-n' of.{/kP)-~ystem t~ the reaction'.axisi, \an~ it .. ~s :·c:.1 

forbidden fo.r p'ro je~t:lons equalling· ( +.1). and. ( -:-1). As;. a~ re~ 

sult,.' in accordance ··~tth formula· (2) the differential.cross . .c. . · 
. · . .J I I Lf . t . . ...... ' 

section of the process ne·-rP-:? .fle+.:rr at: the zero, ang;te de- .•. r 
J ~ . 

pends ·simply .on_ polarizations of the·, J.le. beam ~~d· .the '>proton 
_, . "' ·:. ~ . ~ . ' . --

target: ·• . "'- .._. ;:, ' ~ i':"! 

J · • clo ._J [- _..., ~ ( ...,. ... 1 -"~ ~ ] :.:(o) =: (;r.£f%~fo.t' j 1-/]s/i - ~ ~ !)(1:._ !) ~ ·' (5) "· ' 

whe·~~-(d~qto_j,, ~e· is t~e .di~fe~~~tial c~-~~s~s'ec~ion ~r~·the 
'!" : . . i.. : •_! ·: .,. ~: :· ...... '"'• i 

same reaction in the ca~e .. when ,bpth ._the beam and the,):arget 
' '. ~ .\ \ ~ ; ' --;;\" ...... ~ \ ·1-

·.are unpolarized. 

~ 

fl 
·under stand~rd'tnethods ~f the· bear.~. poi~rization '·the vector 

is ~p'~rpendicular·.~o- the.
1

momen~u~ (If ~...;_._::;:_p):..r~: T~~~ "t~e::·: 1 :·., 

_relation (5) gi~es ,., 

~ii~1:~i:?I~~~~~!~J 
-""' ,_,,.n . ~ 

., 

J!£o ::: · Jl.£to . . · + P .'';; · cos'd · •·.• · · · ·· · 
.. ;/·· .. ;,····::· .. ::·· ,,_. :' .. : . ·r, .. :···:..., . ~ . ·-:: :u· ..... .::. . -,.., 
olt.~2 fo/ .. ( ciJ( i}_,nr·e: :/ J.~)/~J ·· .. · J/ ·· (6) .. 

where-.o( is the ·angle between .. the polarization di·rections of 
·. '-.l' · ·· · · ·.·_.: .. · · ... •J:_ · · · · '· :, .'·c·· •· 

the 'fie nucleus and the proton. The ;relative change· of the 

cro~~~se~ti~~ ~~t~ ~he :.J}I~ · ~ola~;z~~~~~- >:;~~e~~ai (~·~c' ~~~·-,p~~: 
~ ~·"' ":. L ...... r_z>_ :·;·,:- -----. f_ ~. :_ ·: --~~ t:. < ")ri}J-_::,_)t:,-~"•\ 

ton polarization one) equals.. , . . . . . 

i'J = ( J_ 
0 c_1ol _ _. .jJ/Jot\~~/:;oJt~-;~_·.) .~''}IJ~}/Jljc~sf·. 

. (. dJl. '/ . ., '·CIR . ~~ \'£:1.:(· . . orJI. ·)/ . . .. ·. . .. 

. • \ . ' ... ' ':, :_ ,. -"~ '\··\.-(\~\ 1,. \ ', •. \ ~·: . . ., \ - .. ~:· ;; (7 ?-... 
·. Thus,' i t:\s ·pbs~~\,ie ;t~ \i~t·e~min~ .the d~g~e~ of the OJ!e 

bea:m pola~ization, kn~wing the asymmetry ? · -I . the de££ree' or. 

the proton t.;:r·g~t -p~l~~-i'~ation ~a~d .the an'~le. 'bet'wee'n\.t~~-.1/le 
• \ .. ,_ '-<., • .. •< ' '· ~ - ; ~ 

and proton polarizati<?n. vectors.. . \ . 1 . · 
i~' ..... - ._ .. , -·· .. \,::~-\. ,:•·: l:l:,\ ",-,___,,.,. ~ '-'...__>~ 

, . 3. At non~ zero ·a:~~l~;s·:-~L.th·~ hi.ght o·r the -~e <nucleus, 
. . . . ·.:. -- \ ·~·~·· ; . .,. \. '·; ·.. '-~ t·-. - . .·--.. ·'· •;f" 

taki~·~ fnt'(/ ci~count'~th·~. parity. ·~~Jn;/erv·~'ti~n, th~ cross-secti'o"~ 

of ~~-~e ~~~~~ti'~n· 1 1/e''F? >L')I~(jj,+ ' , ini~g;a~:d ov~~ az't~~~h 
:> ~--~ :,- :-~ \~···: S.-:·:·,··.:·f.(;· ~. -~~· ..... ;~·,r; o- > -'"·'·' :-:\;:·!-" ,;-. ; 2· ., c ~;: ~:.: ·',: {_ .. · ·:~~-~~- -~-~~< .' ::~ ::. ;·~ :~, > :.1 ~-

angles (as well as the total cross-section of the reaction), 
4 i::~ .. ·-

has the following structure: 'f.\··;,~·:::!'! :: ~- \:.)2 ·.: o .r ~~· ;:! .:.~ .~~ ·-: 

···- _,.-; ---~/ ........... ;] 
r;;(&) = f G;;i> /&)-lY +lit.-~ 2(/l{)j/jt)J\~ :. ,~, 

' .;..J_:l. - ~-.:.' -~ ,.(dl ,j ~-f,l/i.t~lf!t). ·.· .. ·r ·4 ~- -> ..... u 
(~~H"'" I. ..J -~- ·. :'·v.\i -~- ..,., .. ,. (-/..._,.~·' '~ )'"'; . ' 

._Cf3) , .. 

where 6j (&). is the_· cross-sect_ion. corresponding tofthe 

tri;ie~ :(ate ~f the {3/k~P) -sy~~-~~~~i~h the ·pr.ojection_,# 

to~··~~ directi.~n of~ .the, J' Jk mo~e·~~·u~. ~e-~e w~· h:ve t~ken 
;.s:'~ !~~-~'"' :·~ r. ~·· ::., .. .._ .. 

into account that the iJ?terferencEt 
1 ; .... 

b~tw~en 
'- '-

st~tes~wi~~ dif~e~ 
! ' 

~ent projections of the total spin disappears after the inte-

3 .• 



gration. over azimuth. angles, an~, bes"ides, .in consequ~nce of. 

the parity' conservation !the' equality.," ~. ,._ 

r.:-: "' /v .. -.c:-- ,ft. v· . , .. 
' ~ ·. V, ' " { {) '= V.L tJ ·. .· ". 

~,_+1 . zt.)-1 " 
j;(g) . 

_. ·.tc . _ ~-~~,;:·- :--: ")··; :~:. ; · <':'~ ~:r!.; '"- ,,_.-

is satisfied. At very .small angles _the triplet cross-section 

c~;r~~po:~~n~ -t~- ~~~jecti~ns; (±1) ;te.nds :to ~;;~ b~~~g propor

tion at to the square of t-~e a~gle/{61'~ '~-'8-i) -. ·.-,-~: ·' 
'; __ · ·; .. <.·. \ " < 0 : ' ·: (~·-.:_ ... ~:<:·.~.. -)' 1 \"' .-~- .·-. :.:. '_- ..... tt_ 

.. The formula (8) can be.reviritteri-iri the~fo.rm'·.· .. -:. 

-~(&) ·==. 6; (B) ·f 6;(&)(f!Jf)1-;,~ftv (fi/f!]~f~ ;_::_L_(,10) , ~ 
~-~~:/"-' .~;--·,_,· ·')t ·-·: -~l-! "· :-.:.- ,·· ,:_;:_,;~·; 

where -, .. . .... 

i,;(e)~ : .. ~../e)rJ 6f,,(~~,.i(o)= j rii;)o/_, ~," .: 
·u~,J or,' UT' . ·.· '(1'1) '. . (,-~(e)~ J · (6zf (oj,·; ;:~:~/BJ!.;.": .. 

It ~~ ~~ident that ~alu~s 6;(1)) and-6i(eJ. are positive, 

a~~ 6; {e)~ 5; (&) ~: ~;h~~ .the. p~,la~~zahort. ~~~~o~_ :o~ .. -a ·* _ 
---- ~ ' - ;«.;• :· ~ ': ' .. ,. "' ,'·~···{_ .. ·~:.· ·.-~:~;·:·-

nucleus is perpendicular to its momentum the asymmetry at. the 
,._' ~-~:_;_-,,: --.;·''• ·.!) -~.i--<~j.'J.'5,.:';;_---5. · .. ,.~ ·;.~ :;~. !..-L ·;;,~L;,:,~:,.!.}7~.--'·" 

polarization reversal is expressed,as __ , -"·· __ r··-,::.· ,,,;.• .,,. , ~ -~, ._,,_ _, J . ·~ ~-\'~ _ n '- .• · -.. _.._ ~,,._..; ,_ .·,•l> 

·. ')/· ·. -~·-/!.~}~- .,. ·f:~-j · · ·, "I · __ ·:·""\YJ'·,:: = ·- 67r .' '..- 'i·o', J? - · - - c.--.r ot . -=- . ~- 0 ~~ l - ' / ..l vv 0 ,• ,· '•.' <'7.t. .. , •.• •· 

r ' ·· . ~- <,- ,··\ (.;, ; •:, ·~.) ~, . -';--; \. _,\ ';' \, .. . -'. . ·\- • . 

{ ·, •. "~>, • 

"~-! _2 ); 

In accordance wi th\the reJ:titions (11 ~-'the • following equality 

is valid·:~·-~·. D.::··· ,z):.:h.•-: 
,_, .. 

·'"' ''"' ! \ 
·~ ·~ ~-.u :,: 

·.' . c ''''··rs; -=· 8 ~"'+' 6j·. '--\ !.."' \ :~ ~r~- ·(13)' ., ' 
., <. ... ·:···, ';, ,: J\: 'i. 

The same result takes place for the annihilation processes 
pp. ~ Jr -tJ,~j /(j{_j, 'J{o;(o ·. ·:.: {3 ].; ' · "'' . . 'tf~; 

4 •,' 

I 
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,, 
). 
I,· 

·L-· ... · i -
<., 

'J 
r 

- .3U fp +).lf!J · . · . . . 
4. The proc'ess. rre (1-'Jf/ /le.:. ori•the ,helium target, as 

well as the t~me-rev~;s·a.i ;Eia~t~'~n~. JT+-r."41/e :J; 'P -r ·-we/ 
.r,~ "% 7 n + :~;;. ' ,' we·~~ ~t'udied 'expe;iment~lly: i~· 'a. num

. ber 'of_:·wo:~-ks.:(s~e, fo; e~am.pl'ef;/}+-8} ')·. .: .: .. ·~ · ,;·:.· .r 

., :_ :·"' ··. :J ~-/ _ :···-- "' --~· .... c·. _:-.:~>-;- .. IPl : .. ' .~~ 1':_, ;: ·-:~:J .· 
In. accordance' with-experimental data~ when both the beam and 

the targ~t- 'are. uriP'~l.a:Aze:d',' at-% .. ra:b~~at~btkf~~tic :~ne~·-' 
' ,. ., " ,-. ;·~. I j"-" 'l:·.--, ~~·, 7 • ,;:,>.·-. ~ /.; .;, ··' ~' ·'': ·~} ~ :_' ·. -~} 

gies in the 'range. of '(1 +'2): GeV the ·sm'an-·angle' d'i'fferential . 
. . .J!_/ .fv . . + . 

cross-section of·the process""· -ne+p-Y ··ne +.:7(' · is of 

'ViO.j-lf/srv' in the center-,.of-mass sy~terri. The: cross.:.section 

maximum of .about IS: ;pf/s,;; a.t the 
31k . 'laboratory kinetic 

energy .T::: {25CeV ·;and q,; o,,: corresponds,. apparently, ·to 

the formation of Ll {.33) · :·. -reso'iian~e on a bound nucleon {57 . . ~~ ~~ . /s . 
(in the proton re'st fr'ame /6jJ..I( ( o) -=:::. 2.5"0 /',f :Sr- · ) • 

Author would like to.~-J:;hank N.M.Piskunov, I.M.Sitnik. and 

E. A. Stro}{ovsky fo/ t~ei~ 'i•nterest in this work and valuable 

discussions. 
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