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HOB' iia H)inouax;. T.e: npouecca NN·➔ ;er. BbllJHCneua -CTpyKTypa :meK;po

Man;~THO~O TOKa npo~ecca pp ➔ n°y* a 's-~ocrn~imu n ncncaJaHbl o6mne CBOHCTBa 
c9orneTCTBYIOlltHX cpopMcp~TOpOB.}lanee, ncnon1,3y$1 npn6nmKeHH6 .npeBeCHblX ,nna- ·. 

ipa~1M, ;TH ~OpM~aKTOpbl BbllJHCneHbj ~Bit~.'.Jln~ n~ouecca pp ➔ rr.°rr nOKa3afIO, 
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K03cpcp;nuileHTbl BH}'TpeHHeH koHBepCHH npouec~oB pp ➔ rr.0rr H .pn -) n-rr: 
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the structure· of the• electromagnetic '~urrent of· NN ~ ny* transition. i~ -the\a-,e 
. 9f S~state annihilation is restored .ind g~neralproperties of the corresponding form. 
factors are demonstrated. Next; by_ using the three-diagram 'approximation 
e>f the·_ amplitude, . those. form· factors -are calculated· explicitly and for_ the special 

process. (pp)~ n°y* ➔ _it0rr they are, 'shown . to be completely described 
by· the. magnetic form factor of.the proton in the 'unphysical region. Finally, 
theeffective ma,;~ ~pectra of lepton pairs and the integral coefficients of internal. 
conyersion for the pp ~ n°rr and pn ➔ 1t-tr processes are predicted. - '• 
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1 Introduction 
,,.I 

~fliiS pc~pefis <lCv9te~ to·~ _th6o{·etiCai investiga~ion of fV',1v·-~ 1rl~l~-. Pr.Oc~~ses, where·N- S 
" •'' ) ' ·. '-, . ; , ., ' 

· .. i~ nu~Jedn and z± means:a lepton·. As c~mparedwith th~·reactioris e+e:c .,..-. N j,, to be 
_. , -.• ..,- ',, . ' , • , • ' , ' ..... ,. : /' ,i r ·,•__ , • ,' ._', , --~ _:..,·,,. ' 

' •. ,a·source ~f.the information on nucleon electroniagnetk (EM) form factors,(FF's) in.the 

·, tirri'e-like re~i~n, th~ re~cti~:i'is fl N ---> 7r[+ 1'- aie
0

next i1n ,order from the point of view
1

of . 
. , · • ·. : ·., _;: I · ::. · ; : 1 - : ', •. _ : ' _' -- t_ • - - . • - ., ': , , ~;· -

·.· relevance. Since the latter are crossing reactions, on the one h{tnd;to electroproducti6n 
'' . . ' ., ._ •' _, ·.• .. :· .. \ _, .. . - ·, . 

,(l] e-N ---> e~ N1r processes· (transfer momenta are in thf space~like region) and,'on : 
I ' ,, "I • • . ~• _ ' :• " ' '_ • ' •,' \ , , : • . _-, !, 

'the,.other han<l, to an inverse electroproductio!l (4] 1r-p ---> nz+z- 'process (transfer 
. ':• ; .- \/ ,·.'~·· ', _: ... ,/ , · .. ~--\_··:,"l - '/. ,.,,' _--~ , .. 

momenta are in,the .tiri1e-like region), by means of the N N..:... 1rz+z~. process one can -. ' - . . ' , ~.- - . . ' ' '.· -
solve e;perimenially similar problems of electr~dynamics of hadrons as in the case of 

• . .- ,1_. ', .• \( ) . \ ' .'.· j, . . ; , . ' ' '•' .•' I , ·-~' 

, e7 N ---> e- N1r ,and 1r N\---> Nz+_z-. processes, , : , 

. First of all\it is an it~vestigation of the pio?- and rrucleori electromagnetic structure 

',.. 'in those tini~-i'il-.e momenturi1 tra:Sfer squared values that cannot be ni~ched by the 
' , ' / ' '. \ _: ... ·._',_ :, . ' 

'e+e-·--->ir+rr- and e+e- ~. flN processes. If.in thee+~--> NN processes the· 
'•' , . :-' < , \ ---. '_. ' , ',. ' . '_ . ;;_\ , _ - ,__ <r - ' . . ,. , .. r ···1 ; : , 

nudeon,EM,FF's can be measured only.for k2 ~ 4M2 (Mis th~ nucleon rna_ss ~d ·, ·', 
:: . . .:• '. ,, : : \;' - ,... ' ., . . - - .. - ' . ; ' 

, k. is tne,four~momentum of'.the virtual photon), ,the,processes N N 1:--, 1rl+ z- give in 
·.' .• . ' ';,,-· . - . . .· . ,. ,.. - / ' .: .. / ,· ' , \ 

'principle infotrriation 6~ tl~e pion.and m1cleon EM structurJ sta;ting,from k2 '2:.4m; · 
:·r ·"·-,: ·•· · . , ' ; ,-. , ·::, · 1 

. • .~ ·~· ; , 1 - 1 . .• ·: _ 

(m1 is the lepton mass). ,The unphysica1 region O ·::; k.2 "5:c 4M2 for 'ete-:, 9 N N 
' .. . J ~ . ,: . . ·/ ,, . . ' "- ,. ' - - . _. .. l ·; • , ', 

processes is of essential interest:dtie to_the,fact that just· here the nucleon EM F'.F's · 
','._.- • ' o. • . i '1'. • I ' \' 

. are complicated in structure deterrriiiied (3] by various vector mesons.' As a result, the 
', ; ,' '. ·, . '', ' . •, . ,. ; -- ,_ - . j. . . -

b'ehaviour ·of FF's in the tirrie-like region above the N fl threshold and in the space-like 
. ',.' . ' .. ' .. ' . 

region is shaped :by this re'gion. · 1 \ , 

'' Th~ proces~es N N::... if+[-:- ~re temptingalso from another point ohiew; 'nue to 

the three-body fin~l~tate in the latter ·r~acti~~ ~ve~-in ~nihilation of slo~ antii:tu~leons 

~ith nucleons ~t r~st one cari: vary ~alue~ of the niomentuiu transfer squared by ;ar~ing . 
·:_j . '.·, ;:' ~ ·: .. · ~- : '. ·; ,., ·; ~:._ ' t. ' ·, . ' '"" .·,.~·.. , .. ~ . .' ·., 

energy of the_ detected pion. Therefore these processes are favorably differing from the 

i ~ink; reactions1 e+ e-:".->: N N, 'w~~re values ofthe m~dientum t~~sfer-squared ar~ 
. , . . , , , '. , ',, . , ... ' • , . . I : . \ , ,,_. . ' . ~ I ~ , '. . , -. 

. unambiguously· fixect. by the energy. of colliditig lepton~:: . , 

_. -- , lJrilike the binary ~eactions' ~+e:.. .~ fl N,,th~ ampHtude 0~ RN ( iri+z~ '!)rocesse~ 
I • . • '; • •. • .1 ' I., • •. - ,'. _"e , • \ ., •:· • /. ·.,.• : I , • • ' S" •• 

,. corisists or'·varicius contributions and thus' orie ca.ii inv~tigate _interferenc~ effects of 



I 

. FF's ~f different hadrons, and as a result, determine relative. phases of tho_se f:F?s.: 

. We note. that in the.NN ;-+ 1rl~l.:. process for P$ (2M - ~,,.)_2 th~reare no FF's; 

of free nucleons investigated .. Really, here a. vertex N N•7• with one virtual n~cleo~ 
, ✓ - ' • ', I 

(p2 #- M) appears, and therefore, the process N N• -+ 1+1- is ~amined., It is clea~ that. 

with. i~creasing dista;ce of k2 from. the thieshold k2 = 4M2 of the reaction N N · -t /+ /-, 
.· .. • i / I , . , , ' . . . ·., .•• , , / , · . 

also the virtuality of a nucleon increases. More precisely, to every .value of k2 froni the,· 
• \ ' • \ \ 'I . , • ,' • , 11 • '., , •• : 

interval O $·k2 '$ (2M -m,.)2 (the lepton mass is neglected) a.value of p2 corresponds 

from\he inte;v~l -(M2 '+ mfr :5 'p2 . $ .(kf~·~·;j2 't~ki~g thus values of both the 

· spach:-Iik~ a:nd time-like region .. A simiiar pr~bl~in of off-~ass~sh~l1'effects fo; ,i1~cleon 
," . · ·,.' :. ' ; · , , 1: , , , , , '.., , ; _ . · ,'' ." .' ( _'. , :'·' , '·,. -~. ' , , ,' ' 

EM FF's arises not only in the reaction N N-+ 1r/+1- bufalso inotlier processes like 

~~ N ~ e.: N~ (4], the efoct'.r~~isinfogr,a~io~ ori a'deuteron e~ D-+ :-::np [5] an_d, ~~hers 
•, ', •, ' , (:,,• ', , ' I , 1, i ' •' ••,., • • : , ', ,, . / 0 

.'),, • • 

[6]. In this paper we shall not disi:uss'off-mass-shell effects for EM.Ff.'.s of hadrons .. '. 

Whe; studying liipto~-ha~~on iniera~tion ~rocess~s, 'on~ has ~!ways ti di~tinguish 
\ • '•. ~ • ' ' ' 'I < ' '',. • ,_ ',· • ' ·:. • ' .. < ,'." ~ •. -. ·.: ·, '• .~ • • '' .: '. 

between the analysis of kinematical aspects and dynamical ones [7]. 
,••, ••; ' ' ,• .'' I,' \' '• .• •• ., •. . • ' ' ' 

' A 'generalized· relativistic• kinem~tics fi;st contai~s a~ .fualy~is of· all. consequ~n~es 
, 'I' ,•, ' \,.,. ', : • ,:• .': .' ~ .. ,. . :: (, ,,:, .. ,' ~' .' • :: .. , ' . l: • /,,•' : :'.i;; , ' •: .,_•:.) '. ",; 

of one-photon exchange mechanism, then the EM .current conservation of hadrons and 
l ; t I ,,· •. ' • :,·;, \· • ' ':'· '. '·' ., ''. •, •

1 ~.> I•.', ' •, .. ,> \ .,,,.' •< :', <) :·, '.,,!, .••) ,', ,•

1
, 

also the results of application of "l!rious. symmetries to EM inte"ractions of hadrons. , In 
• c •• ,, • i' • >• • , .•·, ' ,, • 1 , ' ' ' I ' 

. this w~y, ~~e c~n specify th~ ~pin str~ct~re 6fthe EM curr~nt of h~dr~n~, parani~triz-. ' ' ' . .· ., ,,•' ·•. .. . ,·. : "' .,. ' ·. 

ing th~ I_atter.in terms of a number ~f atnplitud~s, and finally, o~e ca~-~~pr~ss st~-~ctur~ 
.... ·-;' ' , :•, ';,' ;·. !, (:,:·1 ... , ,' :,.,. ,~.- '1' , ... ·,·':'• • ';.·,·:1 . :, ,J: ..... : . ~ ·1"-- ·.,' ,'· • 

funi:tio!ls by. means of those. amplitudes ~nd find out the differential cross-section 'de-
. I. ' ,, •. > : , ,' ,. ' •: ·., ', ,, ,. " '· .-, • :. \, • ; ' ': ,; ' .( 1 • .' • , . , •: ~,. . ; . '•,. '·."· - ,, : • 

pendence ( and various polarization effects) on the kineniatical variables that are not 
dyn~mic in•n~t~re: ·. , •. · . . ,· ,~ ' .. , . . . ·• .. · , . . 

, . .' • • . , •, . " 1: ·' . ,~· , > , 1 _ · ' • \ • , . •' ; ." ' ' . ,, , . '• '. - ' / ,' • ' , _, ·,, ' 
A similar analysis .has· to precede the cons1derat1on .. of dynamical aspects of the 

p~~bi~~:· . I ·. . ' . . , . . . . 

. In the first•place, howevei:,.we clarify th~·general.~truct~re of the diff~renti~I pr~ba- • 
~ :., •,• [ • • ' ' ' e :• •:' ... ',' •,' ,; • :1• ! . ·: < I • • : 1 , : • ,•, - • • ,', ', •.: ::'•::•• .' '• 

bility of, ~nnihilation of slow antip~otons, on protoris at· rest into pi;n and lepton pairs. • \ ·· : 
, · .. ;·,,:,' -·.~' ... _,,_. ·.,··.:.•.·~·.: . . .:1··· .. :•.'.,,') .-,-/·/:'-,. ,. ',\! ,' .. ·. -... ".' 

Afterwards, by using a simple pole model, we calculate the threshold' amplitude of : I ,· 
•• 1• ·, , ' i :•· : ,, ·_,, - . ' . ' . . ; . ' . ,, •:1·•_', ) . 

the pr6cess ·p; '-+ · 1r0.i: Then, th~ k2~d~pend;nce 6f the process 'pp'·~.:.,' 1r01+1- in the' · .. , ..• •'.: : . '. . ,· . . . . ' . • .. · ·.•· ' .... : . ' . , '• .J . . 
afoi:e-mentioned II1odel _is ,completely. determined •by fhe proton· magnetic FF in the ,'·,'' ,·" ',', ,\,_:,, '. ,,',-~_ •.:· •, . , ·< '» ·.•··,: .:· '.,.•·:· :'l \··,· ·,.'.~ ...... \ 

unphysical region., This'k2-dependence is predicted by usipg two uriitary and analytic· 
f I , '- 1 

•· VMD. models of G~1(k.2 ) diffe_ri~g from ea~h other by the se~uence·or i~c~rporation of • 
,_ ' .• , ,_ ' . . ' - . • ''. ,... •' i ..: '). - I ' , , -

r, 

·. ·1 ,' 

I . 

,'· 

l· .. ' .. •' 
~, ' 

J 
:1 

.: ;, 

1 , Introduction 
,;,:1' 

-This pape~ is_ devoted .to it th!"oret:cal investigation of i; fl -;->. 1r1+z:- processhs, Whf:)re JV. . 
'f • ' . • • ' ' - • • • ' ' . . -

is a nude@ and [± means a lepton. As compared with.the rea~tio'n~ e+ e:- -,. N N, to be. 
,:., ~ •. : ., , ' \, ,, ' , I ' :, ' ,· . , ', ' _., '. I , ,. .;. ' , · •, . , ' -. , . , ' . , , · • '. , , ', 

a: source of the inforprntion .on nucleon eloctromagnetic (EM) form factors (FF!s)in .the 
I·-, ·., .·,· ·, .. ,~· ~- -.. '•>' ,.·:~ .. ;-.. ···. ,·;·, . 

_time-like region, the reactions N N-> 1rz+z-,are next in order froni.the point ofview of 
: .'. ' .. · .'. '. , ,. . • ·' .' •. ' •." . .' · .. ! , ,• . '.' I , '.'. ;· , • ' .• , \ .' 

relevance. Sinci.~ the l_atter are crossing reactions, on the one hand, to electroproduction / -

[1] ~-ir ~ e~1'17r pr~cesse; (t~a~sfer n;ome~ta ar~ in
1

~he ~p;ce-lH:e'wgicm) .and,, on: 
r \ ; . ' -. ' .. .,, ;- . ' ',, ·:, ' ,': .. ::. . • ; . 1 : i ~ ', ' , ~. l . : , . ~ ; .- ; ' - . ' •. ' .i ' -

the otherhand, to an inverse electioproducfoin [2] Jr-P -t nt+z- process_ (transfer.· 

·, mi:~e-~ta ~rei1~•th~ ~i~c:!ike·r~g;'o~), b~ !~cans of tl;e fl;·_. 1rl~-z~ p;ocess one can . 
.. ' ·.: ', ' : 'i: /' '.;'-.,. ; .. : _'. . ' :·' ' < ·: ;·' ' ··:·· ', ti . '. ' .,'.' ' '·. ' .>.\ 

. I . solve experim~ntally, similar 'p~ciblems,ofelectrodynamics of hadro~s ~ in the,case of, 
'. ,, '~ ·._ ,_ ',.- . •._ . . ,. ' , ' . ' ; ·- '.. , : . . . '. ' ' , . - .. /· , 

e.:. iv'.~ e- N1r and 1rN-:__. N[+[-:- p;~cesses: ' 
'i • - . i._< ~ _-, , . , '1 : . "-; ' . · .' . ' ' , '. I . ,', / . >-': . ' '. , ' , : , • ', , , 

_First of.all ,it is ;i.ninv"istigatiim. 9qhe pi_u'n a~d nucleqn_ el~t_~omagnetic strt1cture 
;-_~;·'., ·;.', ,.·.:e·_ : ,.·;.-·' ·1··· ,"; .,'\• .. ___ :·· • ,,, '., , ,·, .. ,· ,.' 

in, those time-like momentum trai1sfer squared v_alues that. cannqt. be. reached by the, 

, ~+e- ,-+ 1r+1r: and ,e~e~ ~ R~.'.pro~esses'. 'ff in the-/;e _ _i_.. N'N ~;o.cesses /he 
.. ·; . ' ' . .. ' ' ' ' . : ' '\ . : .' ' : ' ' ' '. .' '. ,_. . ,: . ... ' ' } . .. : ' ... ,'. . ·. ' ' '. . : : : 

•nucl~o.n E~J FF\can be_ .m~asvred,onlffoi: k2 2: ·4M,2 (M is the_ imcl~on mas~:a,nd · ·1. 
• • :;-, : •~· '· . ' "'',,. ;• • : ,·,• .. , . , ',,'· ! •'•\ , •• , , "• I • \ , ' .....__ 

k is the fou~:niomeritum of the virtual ph~ton), the' p;oce$ses 'iV N ..:.. 1rf+[~ give .in,' 

, p:i~'~ipl;•inforiii~ti~~ ~n tl;~ pio~ ~n~\ucleo:1 .. EM s~ru~ture starting fro~.P 2:, 4m( 
, • : ' . : ' ... - '. • • • '. :· • ·,,. ' . . ' •. 1 ,-_: . .' : '' • ·.' ( ' ·:·. ·: ,. ·. ' ' . '.- ~' . ' .. . ' 

(11~is tl:i: lept_o~ ~~s~).; ~'he ~~phys,i~~Lr~gi~nQ s k2
, $ 4_M2 for e+e:- .~ ;N N' 

'. ',' ' .. ·. . \. , . ·: ' ' ' ' ... ,· ' ; 
processes ·is of essential interest due to the fact that just here the ,nucleon -EM FF.s, 

~re _cJ~_pli~t~d in st~;ct_u.re -d~tm~i~~d[3]. by:, ';a[i?u,s, ve;tor ~~s9ns: ,,As/ r~sult; the 

·. b~l~aviour of FF'~ in the time~lik~regi~n-above the N N thrtish~ld and in,the space-like 
' ' ' ' , '· ·,_ ' \ . . . '· " ' 

regio~ is ·shaped by thi~ ·r~gion:. . 
',,, ' .. ··:;' ' 

The processes N N -+ 1r1+1-. are tempting also from anpther point of yiew. Due _to 
\' . . /' . . '. . . ,. . ' . . . 

the three~body .final state in the latter reaction even .in annihilation of slo~ anti~ucleons 
\1, ,,·,;' ,··: • ~ ;' ', ·, ,.' ,........ :~·· . . ,·. ,_ ' . ', ~- ' ." ., '· <. 

· ··with n~deons at rest one can vary values of the momentum transfer :quared.by v~rying 

··• ... '. ~~e~~·of ~11~ de~ect~d ~ion. ,T~erefore these ~rocesses'. ar~ favor~bly diff~;ing J;o~ the · 
' .. ·,·,.<,.:' '.' .. ,·~_'•,·:.·-·_;·_,:·' -~- ·,_.,·_ · .. \' ···,.,,··, 

· binary reactions e+e-:- -~-. NN ;;where values~of th~·momentum transfer ·squared are 
'-~; : .... : ,_ ,':<''"> . ,',·''·,. : ... ·-:·· ,, '. -- .~ "· '• .. '.. " -. ' . . " 

, i ,unambiguously fixed. by the energy .of colliding leptons. 

Unlike-th~ bina,ry.rciac;ion~ 'e+e~ :_:,, 'N N, the ~plltude~f N N-+ 1r1+1- processes 
i • •• ,:~._ ':•.· • ... ,:1:.,-.. _.-, .... ·'_·:.-:'-·/:'.;" ·:··· :,·:::. _>·, /' ,' .;", ~'.' ~ ~:.· '·- :· ,. ' 

·consist~ of varioiis _contributions ,and .thas· one.can .investigate inter_ferencc. effect~ of,. 
I , ',·· ' '>,'• , ' , '. , ... :•• ". •: .• ·, •·' ,'' 



. I. ' •,· 

FF's of differe~t hadrons, and as a result, determine relative ph~scs' of. _those °F'F's. 

We note that in ,the N N ';"? irl'+-1- process for.k2 S (2M - ~,.)2 there ~~e no FF's' 
,I ,, / ·.I._ ' •' '' U 

of free nucleons investigated. 'Really, here a ~ert~x N N*,• with one virt~al 1~ucleon 

(p2 ¥ .M)1appears,' and theref~re; the process fe' N*; :.__. [+ I_; is examined. ~tis cle~r that: 
'' . ' . ', ' 

with increasing distance of k2 fromthe threshold k2 = 4.M2 of the reaction N N -+ 1+ 1-, i, •· 

: 'also the virtualhy ~fa nu~l~ii incr~~ses. ;Morn.pr~cisely; to ~very valu~ ofP fro~ ti~~ . 

\nte~~al o'i k2 $ (;M- m;)2 (th6lepto~ mass is n~gl~cted) a:·~-~lue ~f p2 cor;e~p~1ids 
·., '.' ',,· ' .:_,·_,1 '. :·.,- .. ',( ·.,,• ,,· .. :._,'.··": :.~•,: '/i. ',.1·,:,1:. ,' '·. :/ '. 

. _ from ~he, interval -:-( 1\12 +'m;) $)? $ ( M ~ m,;. )2 
• taking tlm~ ,values ,of both the 

' '-spitce;Ji~e a.iid time-Ilk~ regioi1. A ~irnil~r 
1

p~ohleni of off-11~as~~slidl effe~t~ 'for nucleon 
: \ ' •, '.•' .•, '< ,,: ;•, .: ":• I • _:', ,• l, • ,, l • :: , , ••'" ,:•", ,:• : ••~. < • ' ,' ) ,' \:,• > • •-, /:. '•, ' f 

:EM FF.'s arises not only in the reaction NN-+ irJ+f:- but also in other.'processes like 
·,' ''.,.··.·,• .' ~- . .,;:-., ;· !'\' .. ,:,;\ •', ··:'\,.\> ··!-,·-::.·.":'1 ,.·: .,\_ .. :;·,.·.,' ;,:;.~· :·,.·; ,··•.",.' >·, ·,:·.:·. 

._ e-N,-+ e-Nir {4], the electrodisintegratiori on.a dei1teron e7 D. :._._ e~1ip [5] and ,others, 
,' '•"., • / •. •. ;'' '., I '•• > :: ,'','';, -'.: ' •j•. •,, •: •,:.': , .\' ' I',',,,' ':,' ,,:.. ,' •, : \' ,;: (

0
• • :. j. , 

· [6].'fo this paper we shall not discuss off-mass-shell effects for EM FF's of hadrons. 
'• . · :•:·• ,, •. ·.'. ::." .. :·· :, .>• ... _':, •,,'.; _: ,'.: .":,'. ·;' .•• /:.l ,:_i'<:._• > ,., ,'~ :;;:,';'., ·,:.- .. ~~·'..•.:' 
Wheri studying. lepton-hadron interaction proce~ses, one h~ always to distinguish 

. '~hetw~n the ancl.lysi~ of ki~emati~~i ~;e~t~ and d;nariii.rnl m;e~ [7f .· . 
• ~ . '. "••.s:':' '. -~•.,.: ; ' . , ! ),•:• ":,•, '.,•,•~' :: .,., • ... .'''! '. • ~ • '''.', :•~:•{, ,: ,,_'~•'_;'' .') •. ', •' l •,\',' 

. -· /A generalized relativistic kineniatics first contains an analysis of all .consequences 
:\.:,, . ., •

1
•' .··• .... \:' ·_:.\.',.",,:• ~-:'· •• i>" .:_,,•: ·, ,.;~ ·,\,'·_< {·:·,,r",:.·.:. ·:,',>1•:·•• '. '.:,' ·/:··; .·-.:.•;, •,,. ,•!, ,.;· .,~· 

· iof one-photonexchange mechanism, theri'the EM current conservation._of.ha<lrons and. 
'·' ;"''··.· ·: _; ), ',' ,·.·::.·!'. ,; :" <:.•~·· .. : .. ',,};·,•,-:'.:_,, /;~• .. ',,· :''i~/·' )'···;·· ... ,\,;:: .. ,;\.·',,,:.i: -'•:·:,•. 

also the results of application of .various synimeti-ies to EM interactions of ha.drons: In 
•·\ ' ·,, .;~·. ·. . ' (; ,_,. 

1
.' ' ,', :,, '-:. ... ',' > ~,.': < ·,.: :,'"' . :>·,\., ',f \'.i·~ • ·.':' ~ · .. , • '..,--.• ·'.•1.- ·' :, 

this way, one can specify the spin structure of the EM current of hadi-oris; parametriz~ 
;'1'.i \ - .-··> ... ,· :?·•.1 ' ,':~:: ' ., \ . .,.. .. '.•.,·· ;__.. 1: '._ :-:,, ·;.'; _.'·· : :··.>·> .. ' ',:.' ' ! . ·.•: , :··.··: \\: <\.:· ',:' ,, ' 

ing the latter in terms of a'nuinber of amplitudes, .and finally, one can express structure, 
/·., > >'\··>.-· :.•·' '.·'•,·•,:·, / !,~, ... ', 1,_ f.,,., :·::,.··: 1: \.-'·,, ·:.',,,':<··:·, · ..... :· \•'·':' .';:· >./:·:,} 
Junctions by means of those amplitudes and find out'the differentiaLcross-sectio_ n'de~ 

, • •, , ' ,, , I • " , '. .• , •• 

,, j' , ••:\C : , r, : _', ', _, .•"., \'} ,• ,•' ', t• -:,.,•\,"I/ ' 1-. ••_. '•• ',' ,' ', 

pendence (and various polarization effects) Oil the kinematicalvariables that .are not ,' 
.. ''- ' :,' . ''. '. ., ' i. ' '·, '.:,,. '' , ... ' . .. .: _:.: .~ ,. ; _,: , i, \ . ', ::.:.,\ , , ' 

dynamic in nature. 

• : A 'simillr· analj,si~; i;a,~ to · t;e~ede the ~onii<lerati~~ ;6£ cly~amicai 
;:: ·,': ,' •• ,'.. , . , i .• , I ' , '-, .', '., , ',· , 

problem:· •' 

·. Iii' th~ first pla:ce; ho~evei, w~ clarify the genera!' ;truct~re of the ,<liffer~nt1a:1 -proba- • 
- ' '· i . ' :·,,. ·• ,·,-,' - .• · ,: ' .. , " .• · i· '.. ,· ••• '. · .•. • • .' ,' .• ' ''•f: .: ' ,· ' 1

,,;' -:_ •• •,;· ' ... ,:.--.. : .. ; ,. ',':<:. ; .. ,.:.:· .:._ ,,': ' 
bility of aimihilation of slow. antiprotoris on protons at rest intopion and lepton p'airs.,. 

Afterwards; by u~in~ a si~ple; pol~;model, \V~ .~alc~iate. thethr~;Ilo!d" ~ri1plitude,of 

the process pp ~ \ 0,y~. Then ·.the k2-depe~dence 'of the pr~ce~s'· ;p ~ ir0 /~ 1-<n \~e ' 

- ~ore-~~~t,i~ne} m~del· is ~oin;let,~ly deter~i;ed· by:· the:,pr~tori. ~agri~ti~ _FF·i~ '~~e ' 

'unphy;i~al reiion: This k2-depe~de~c~\spr~dicted by u~ing h~~ ~1~itary a~<l analytic 
. ', .i _'-:•\'·\_. •.',', ·:', ;·•: ': r,·1··.'.:' .. ·:·,'. \ .-,:,::• .. -\·.-.,.:': ':' ,,;•,,.1, ·.·•·' :.':•···1·, ·>··_· .·< ,·': ... ·,.~'.:',,·· 
- ! .VMD model;. ~fG~( F) '.differing fr~m 0

ea_ch\:ith~r by the s~quence ofjncorpor~tion M ,, "• ' : ' •:, ., ' ,. .. ',,... ' . .. . ' . ' ,. ',', . ' ' ".;' 

\ 

I ,. 

{'-

., / 

the c~rr~~t FF ~11alytic'p~u'pcrties a1{d the method of incorpor~tion of the asymptotic 
. ,, .· ·• ' ' " , ' 

beha?iour a~ predicted by QCD fo1: l~ai-y~n{ 

2 . Structur~ of diff~rei-Iti~l p~obability 

Usually, at a~apt.ure of sloiv particles .by other j>1l;ticles al re:il 0111• C~ll consider. .. ·.. . ._ . . -. . . . . . ~ . . .. , -_ .. · . ; I 
. ·mstead of the cross-sectwn, JUSt the de~ay P.robab1hty of.the _latter~ystem. 

. . . ·r - . . ., . . ·.. . , .. · ·1 . 

We start ,vith a standard <'Xprcssion for the prc>hability of a1111ihilatio11 of wry slow 

antii1udeo1~~ on 1lll('le~11s ~t n·st i:;to piouat;d lepton pairs (see F~.l) • 

; ' . ':. ';I_.·. l.-\.112' ' . '. ': . '· . ',P,; ' ,Pi-: .''' tf'l·, 
,1 cll'=(·>r.)· f--li(P-, .:....i--.:....k)----'---- · · - , _ ·.Jc\/ _ ·J . I 2, (')-)3•)f' (·>-yi·>J,'. (')-)3·>F 

, , . \ '. ' : •. ': • \ • , ',' ~- , • ~" - .-~ -:: -:- •+ :--.:; .- -~ . I 

where P is 1-1\e total lf!Omentum of. ~n N:\' pair., the components 9f which alsc,> for• 

(!). 

. vei·;:slow antinud~1is are, roughly sp_eaking, d~tenuin~d only hy l.i1e niass· as_· follows 
,', , • >. ''.·_-', ,, ' . ..,_. ·'.,_ , . .i, , •-•., I /•:,' .,'· . ._-\· •.' :•, .. ·', ."-. ,.,: .. ">:_'..', . ;' ·1,. I , : •. ·, _,~·, .. •; . 

P == (2M, 0). 'The <1uantities.E~, R- ( E+) arc c-ncrgi<'s or th<' pio11: electron (positr011) 
. ' ; , : .. ., ,.,_. . ' . '·- . ',· ' •-·'' ,, "·· ' 

- approximation _takes the for1i1;, 
'" .. ,-, '·.: .,: . , ,. 

and q; k~, (kj) a;e: iheir thr&--moi1i1•11!~: 1 1
,' 

1 

_ ; 

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

:_The matri£elemcnt M of the'(N N: ~ 'ir1+1:-) dccay'in tlll•1bne-photoi1 t•xi:hange· 
. . •, • .• • ' ; ·.·' .' ~ ·. ' . ,:. • • • • ' . , ' , ; '_ '. ,, ::. ,, • I • ' '. • \ ' .,.' • 

.• . • ' ~-2 -

', _, . M =. pf,,J,'. . 

wherre ~ u(i,1 ),t;(k2) ~nd J,. is 1.,;(; EMcurr~·nt ofan :,• ;\' 7 i:'j ~ transi; iiin 
,'' : . . . '. ·•.-·•' ,, ... '. , ' .. ' . ·,-.,, ·.,, " 

·1,:- is .... ·~ 

Hy n~~a';1s•;>f(l) aml (2) o~e gds 
.,, - .. _. ·.' ·. -,: ·-: . ' 

···,I';. <,:/ •·J• ,~,,.,w,:,;_tic_•': dF· J1_1_1 
- ·'·• .'l6ir2, ; (t,2)12M· .. _+,, ,_ _'' 

'.~·\' .. , .. ,' ·_.\~·~"·· •': . 
I' 

:L,;,; =; f,J;, W!"'· =J,,.J,:. 
• s ;· ~ ' ' ' ' • .' ; • •• \ '. ., • ; • ' : _-: • •• >· ' . ' ., , ' '~ ' 

where the har in the' definit_ii:m or),,.,; Jlll'aits Stlllilllation •m·,·r 110l arizat iorl st a It's of · .' 
• . . . . . .} . , ' '· , , •, -.'. .• •. •· • • • • • ,-:: . ·, .•··' _I 

, leptons and the bar in'thcddinition <>f 11'1,,, mc,ms:av1;ragingon·r:polariz;1tioi"1 still_<'s 

of a nudc01~-a1~ti;1•;1dcon 'paii. Th~· ip1a11~it.y_ d!l mc~l;S. U1e:pa~:~;-a11gh· ;.jl'Ull'Jit' l;f an . 
1 ·_::' . • • ' ,- • __ ,.-_.--.<-:-,.. '.· ( . ' ' ; . .. -, -~' ,• .•. ~ - - . . ' ' . . .. • 

outgoing clc•ct.ron.-(or positron), t.o be·dl'fin<'cl accordmg 1o·so11w,physh-al rdn,·1H·1• 

, ' frame. The laU,cr .~.ill he ~(l<'<"ified if (;IH' 'or l.h1·•ii;itial 11i1.-l1•~u(/is pol:1riz1•tl ( wit 1i·.a, 
,'- I·.• • ', <> :'.·' '., _:., ', .- • h,, - ,·,· ·;. ·_ J ·,.. • • • •.':; ,: ._; ••• 

vector polarization./') ;rnd if the :_1-1110111e11tu11i of 1hr. ,.+,.- pair ( or t hi• piop) ·_is kmi,1·u;-
, 's...· .··» , ,•.· 1 . .. :·, . '._,.·. ·". ·:.~ ''-":1' / . ' ' . t, ,', '• ~. , : ,._, ,' 

_the lat~er forming, wiih P, 'a· planl•. :. . · . 



, I 
, r "·. , .·. ; . . . . . 

· If the initial particles /i/ and N are unpolarized, then a contraction' Lµ,, IV,;,, .does .. , . . . •... . .. : . . - . . , . . l , J ·: 
not. depend on angles ofdf! ~nd therefore in (3) one,can integrate over dn .explicitly, 
l ' ' I ' • ' • • •• • , • ' ' • • ' • • ' • ~ •• ', ' • ' • ''.. • • ; ' 

, .. obtaining-finally 4i. ' 1 
~ ' ... • ' : ' ' • ,_ ' • • ' . ' , ; • "_ i • 

.. As a' conr1uenc~ of t~e conservatioh of the J,., l· •.J -;,; 0, the product L,.,, w,.v'can 

'.; be rewri;ten, i11t'o the foll;wing fo;~ . . 
' ; ' . ' 

' '.· ·.' (k2)2. ' 
1 L,;;Wµ~ =(Lt", ~Ly~)JV~x + kil L,~ W,, 

' . C by_;s_ing the co~rdi_n~te sy~.t~m, in which z~axis,is parallel t?,the 'i1110111,c11tum k ~f the' 

'~irtual photon (k~ is'theenergy or,·r' ' ., \ 

. Now; takfoginto acco~nt the .f>~,n~ariance of EM interactions of ha.dron;, the tensor 

W;/(the space'.;~t-t· of ll~.~) ~~~ be\vritteri in1t1
he follo;i~ig:n~;al f~;rii·0

• ' ' • 

·, ;.: .·, ' ': :-, . . ',, .. ' . ·, ' '(', ' ' ·'· . 

t; 

:.f 

. .'•,,<.'-' .· ...... -~ ~-, .•• • .. ,.· '2··. 
W;; =;= (8;{.:_ k;kj)lV1(k ) + k;k;W1(k ), 

·. •I• . • •• '., '· 

l • • •::,; , •.•.-.. • ,•f: ! ';' .""\:,;,,::,;I,•;••-,;,,\'.,•,•' l ,,:, •; : ._.J,-•,:,- ;':", • ',;~ .' ,.,.•: •, •, ' • ,: ',:-:' 
where lVr 2(k2) are real structure functions (SF). SF W1 (k2 ) .describes the creation: 

,,; ',' .. ',_ ':1'1:,' ,' '•.i" '·' 1.'' ·· .. , ',·· ,' ,: .. ··'i• ', ,;·:·:.('., ''. ''1' '": :. ,.·, .-,'·.····_·, ' 

of -y",with the transversal polarization and the creation,of -y\with.the longitudinal 
': • ' ,' ;'' • ;•,,', \ •, ' • , • ' ,, • ' ~ ; • ". ')' il ., ' • •, f' ';:, ', ' . ' I ' • 

· pojarization is char_ade1)zed by W2(k~)- , . 1 i ., . : 
. P~oducti~Jl of i1np6la;i;~d l~pt6ns i~ det~;mi~~d by the teri~or .' 

' ' ', .. -. '. ' ':' '~· ' ' ' . . . \ ! ' ; ' ' ' 'i 

. . >:' '·:· ·".-,' i•, >'1/ ', .' :, .'-~-';:• ' ' 
L,..,, b 4k11)~;".·+ ,1~1,,k2,..': 

,) 

== ,2:: [P + (E+ :-
;, ·, k2:·'. . .,•. 

·i,: · - ··2kf['k:_~.:,(_;(· .. E·_,. _··, ' 
\ zz \-,,~ ... - +.--, 

: ', k2 .· . . 

, and m mea:ns:the'Ieptol1 r~a~s.'.: 

I~ ter1~s;~f(~) ~nd (~), ~h; difffir9nt:i~l'.probability tak~s the 'roqn ' 
'",-' ; '•;:--,•.•,,i:•' .,•,:•, ~::••:,., •c,\:,~\ ,•,, •,,''••,• ': ,• ,•",. : /..-,:,,_ 

' a? .- ... -. dxdy : ,tm2 > · k2 ··'M2·. ,·· .. k2, 

df= ~Wi,(k~). M[I .. + k2 •+Ri k2:+y
2 

._; (I :--Jl1,p)J, 
·• . . . 1r,, .... · .· , .:._ - E+ , , :I o . ,.k . ; . : ,o 

y = · , 0 < .r < I ·k2 • · == (2M .:..· 
-~, ·.,:./· ·•.~ '/ ::'·. - :· ~ -,~_·', -.~~x·-.·,' ·:; 

.'_Ri(k2)=Wi(k2 )/W1(k2
),', : . .· 

. ·., .-·, ,, .,,,·. 2 :-,:,~. · :: 2; ('.):'·1../: ~· · .. :'~·;,;_'.:<:',_:;;- '. <.··/· , 
p ~ k2 ~ k2 ~ (4.M + k :- m,, )2.:.. k2 '== kmax - k [(2M +m )2 ..! k2]. 

, 
0 

· ., ..• , 4M . · · -,' ·· I6M2 ' ·, . ·"; .·,· 
' ' ' 

(,' 

:\~ a result, the,differential probabilitv d2f/dxdy, that char~cterizes the Dalitz dis-
, .. ' •• • • , •. ., • .- I >. ·. / "·_ • 

tribution fo;: the nucleon-antinudeo~ annihilation at ·rest to a lepton pair and the pion· 
.' •• , • ~- I • • • .M' • • • - • ' / • . ' ' ~ ' , ' '. • • • I ' • /. 

is symmetric wjth respec~ to the. change_ E+ . ~. E_ . .. This has ,to hold always i~ 
C~i~variant th~ories. . . · 1 

. , . . .. 
. ,,.: 

. . . . . 
'.' Moreover, if the dependenceof Jhe probability d2r / dxdy OIi variable X' is dynani- .) 

'/ ical in o:ig{n, i.e. it is determined by.tile k2- dependence of S~'s W1,2(k2 ); the~ th'~ 
,' . : '. . ' . . i . , . i" _I ' , , : ; .. • , • ; _:_'· . ; • I 

dependence ofd2tjdxdy on variable y is pure kinematical. Therefore; by investigating 

the y~d~~ende1;ce 'of the di~~rent.i~l, pr~babilit/ of~ ti~ 1r[+;/ -~;oce~s; on~ ~an de~.· 
• • ' ~ , • •••/ • •. I ' •• ,,; , • •, " ! ( / • ' '• '- ,\: • •: ' ' /':. ,· • 'c 

termine.the quantity Ri, th'e,ratio of probabilities for production of longitudinal arid• 
. . • ·• , . , l -

. ' '. t~·a11sversal virtual ph~tons, in th~ 'N N _;_ '1[r( process: 1\e, f~ct th~t ,the probability 

'.d2f/dxd/ata,fixedvalueof.k2isquadratic_iU:y, . ' ."., '·, . • 
' .. . . '. . /• 

',; .•l. ; • ,, ;, 
;I 

{._ 

d2
f /dxdy =::. a(k~)+i/b(k~), -· . - ,..,__ ;· ' . 

'. \ is a con;iequence ~f,the one,photoriexchaU:ge rriecha~isin applied t~ the reaction ~~der 
·:, .' ~ , \ . , -- .• ,i . ' , ,· l \ •" :,,'••:· ; :' ! , \ -.'• , .' •. . ; . { ·~, 

consideration.. '~ 
l.°' . 

Consequently, the manifestation of that y2
- dependence has th~ same physical rea'.. 

son lik~t~~ ~ot2 1t- dependence ~fthe d1ff~reiitiafcr~sNecti~n of, ec.'. N - e~N process 

(iJ;,, is the-~l~ctr~n scattering angle ln l~boratory ~ystent) or the cos2 i'J depenclence bf . 

I 

.' . . ' '•-• . ', ;'•, . ,' ',. ·: ' ' ' ' . 
the differential ~ross-sectio; of ~:te~ :.'..+'~+Xproce~s (h is' a·detected hidi'on; 'Xis,;' . '. 

' , ' ',, 1·' ,. ·, ',- ' ' 

' a nonregistered bunch of created particles and iJ is a aetected:hadron ai°i:gle related .to 
~.'. , ~ ' ' ' • ,' ' '. , : , ; '.· ,, ' • ' ' .\' , ' .: _; , ·- I • ,'. ''., '"/ '. ' ; • ., 

the three-momentum of the electron fo the 'c,m. 'system 'of e+e- collisio11s),··an'cHhat 
. . , :.· '/ ,· ' ,' • > . '.. .. . •·• : •. ', . • • . , . \:' "· •. ,. ' -

·physical reason is the one-photon exchange rriechanism of all afore:mentioned- processes. 
' 6" ! ·.~ : '•·:.:". ',. ~- '. '\:. • .. ,,• .·,- ·\ ', ", '. ''_, 

. Foi'a real photon k2 = O; therefore th,e'quantity W1(0) determines the probability 
" - ~ " • • • • I ' • ·.·' - -,, I ,: ·, I '' ": ' ' , . , :: ,;·' 

_of_ the:real-photon creation in NJV, ~ ir:r proces~ as follo""'.s, ... : ; . ~ , 
: '1' • ' . ; · .•. ') , . .. . ·,· . ' .. ·. ', . ': ' ' • ~ ·: . ' ' .• .. ': • ! 

f-y ;,;,~(21r)4e:Wxx4~ Wyy I.S(R 2:_?,~ k) (~;;:;~;(2;~~E~ =;a~1(0) 4M::;;t'/'. 
, ',, ·, - i . -- ' '. ~ ' , , : •·. .' - . . I • : , .:... ;,. ' :· ' , 

Using this expression for f-r ,one can obtain the Dalitz distribution for N N-'+ 1r/+/-:-. 
,l ' ' .. .,, • . ' . • l '_·, ! ' 

proces; [SJ · · I> 
. '.'. ·. .· ,: '. ,., ·, ' .. ·.,, · ... , 

· df1+1:.. _' .• ·a:_ R., k'2 dxdy M 2 
. 4m2 

--=- T( )•-----[1+-. · 'f ., " · . 41r, · , · ffk2 2M + m k2 
'Y' • • - XV /Cmaz 1r \ 

,., ' ' . ' . . . '' . \ 
'k2 , M2 · · . k2 ·. 

+RLk2: -ty2 -:.=-(I:'..:.,Ri,k2 )],· (7)' 
o · · k2 · o · 

'·,\' ,·, __ _ 

"' \, 



, ' . " ' -I',;. . I , 

So, by in~estigating the energy distribution of leptons in the ftN ~ ·1r1+1~ process 

on the Dalitz plane one ca~ determine two very i~porta~t quantiti~s of the el~tr~d/ 
•, • 1-, • i • . • • \ '•:, : •. '' ' ' ; , • '. ' ".• , • • ' • ' f '. ' ' I. : ,: ••, ,~ t ._ 

namics of hadrons, (lT(k2
) and RL(k2)', wh,ich at the:same time determine.the energy , 

spectrum of pi~ns in -NN ~.1r/+/~, i.e. th~·~esultof integration over the lepto~ -p~ir · 
• '" -1 ' ' < ' ,, 

'1· , .' . 2' ' .. - ' " -.. , 
' ' a: .· '' '·, ' lkldE,r ' ' 

dl'1+_1- == S,ri".,lV,.,; (k2)22Mdfl . · ,(8) i 

' ~ j '.- ~ • ! ,. : I I / ' .;, • :,-, • , • I • '• o • I ,• '•~•: \ :•,, ' • ··. J ·•. d3k d3k2 • · . ·, · : · · ·1• k k 2r. •·. .-~ 
r,.., =:= ;L,.~ 2E~ 2E 6(~ ~.k1 -_k2) ~ ,~g,.~ t . ~/)jc_~2 + 2m2.)v 1· ~ F·: .(9) 

·:,('· • • I,." + \' _1•, ,'.' • ._ , ":·~·:,, ~• ,'~( ••.1-:· '··, .,i' !_·,,.', ,, ' 

As a result, the k2 ° distribution of N N --+ if+ 1- proc6is is obtained. in the form 

, . , ' '. ;'., ar,+,~/r-r;== ~~i(k2)[lo(k2)-t-RL(k2)11(k2)], , .. , , ', 
dx .. 3r. -: I. _ , , . · , ,· · · . 

' ··. ' ' ', ' j'' whe~e 

/{ 1(1. ,,-2m. ~)✓l· .·· .. 4m2 
.. ·, 'lkl. ~o- - -f; - --·-

. . .x.. '· k2 .. · · • k2., w .: 

· ·, ,':'I.· · m 2 . k2✓. •.4m2 .· lkl 
Ii. 2 (1 + 2 k2 ) k2 1 . k2 . -

.. X ':, , , ·. 0 .· .· ·. , , ~ . 

.and· 
, ' , '/ '>• m!. 

,w. == M(l ...,:-). 
, . .• ,._ °' ., .. • _; .,, . •.,.4M~ , ;- ,, •·'" ;.:· .• ....... ...,.· 

C To find the,coefficientof internal conversion, for JV N ,:::.. i/+/f, which is' equal to 
1

., I,·, ... ·~- ·;.·:•,.;··•._··:·;: ,, .. '_'.:_,,_::··. ···:; _-::.·1·,_.··: .. ·\···t.:·::,,;·. \•::,·: ',,:,,_ ~· 
· the ratio of the total probabilities o( Nf{,·7 ,r/+t::, ,and NN -+ 1r,'proces;es, one 

, .. · has to know. th~:k2
• dependence of

0 

RT( k2iand RL(k~>° ,quanti~ies; Jn the 'next sectiods · .• 

~e.calcul~te•j·u~t Ri-(k2).and ,R~(k2)~i ~sing a tr~diagr~~1 :ap~~~imatio~; of'the .. 
' ·:. ' '' ' ' ', '' "; ': ' · .. · ' '."> ·,; ;· ' '\" '' 

corresponding amplitude. , ··· . > ·. . ·. . ' . 
' • f ," ,·' ' .. 

3 .. ,' Elect;omal!"netic. currAnt 'nf · • .-- . -
l 

~itfon· 

,. ' ' The structure of the .Ehf,curre~t J of the N N-+ ~ .. -y* tran 
. . . . ,· -- . ::_: :-·. . . . ' ; ·,, 
annihilatio? can be restored generally, sta~ting oi;ly ,vi.th th 

interadions of hadrons., By usi~g a,tw~a>~p~n~nt s~i1~or f<irr 

, and N; o~e ·~n' write ;~r] the e~pre~;ion '. : · \ . . 
' •·'' .. ·-·: '. \ ' :, . ·"' ) . 

J ~· ;j[iu X f /1(k2) +t/1((;2)]~2.' . , 

' ' 
' .. , 

'

·.t·····•····· 

' 
! ' 

' ' 
; ! 

t 
l 
1· 
l . -~ r;~ 
1 

\_ .. 

1 • 

'· · ..... ,. , ..... ' -. ·. -- l. : ... ; . . . . ' , \. 
The amplitude f1(l, 2

) is a form factor of the virtual plioton production of the dipole 
• ,• < " ',-. l • 1' 

. magnetic t,Vpe.in JVN;-:::> ir,~ transitio1~. the amplitude fi(k2 ) is a form fact~r of the' 

production of th~ longitmiin~ll)' polarized virtual photon of EO ~ty~e. ' 
. ,,_ ----- . . . ' . . 

Botli FF's
0

, ft.I, are complex functim;s of k2 (in the' time-like region) for k2 > ~-;h. 

,vh~re, k;h can be.fotind from the unitarjty co~ditimi, takil1g into ~CC~ll;lt SJ:mmetry 
. . ' I .~ , , . ., :_. - , • , 

properties of the· E~I cufrent of hadro11s. : · · · 

. Tlic ci,wntitie/ !1U1) dcslribe annihilaiion 'of the fl,; i\; system \\"it h the, angular/ , 
1 
•• \ • •• ''•.:.,-, _,: ." ,1, ,.' ••. •:.~·.... • . • ·.,: ' . ,' • __ . ;,·_ .. · -.>·_'.'I'• 

\' 1,nomc!iturn I== 0 ii'11d the total spins= 1(0). The S)"Sterri-pp (fin) posscssi.:5 adefii1ite, 

C- ;~rity defined bYtl1~ J:~lati~n · I• 
, '> L • , • 1i 

. I 
'-:--- ' 

/ 
-,., 

·· .. _C~(-;-l)'+s .. 
' ' ' 

Therefore, as \i rni1s~q1ienc~ of.the C ~i>a~ity con~~;n·~tion i;1 ,;ron-sses Ji,; -,+ir01 ~ aiid 
' • • • • "•r,- ,' ' \ '• • • < • -', • • J, • • • • . ~ • ' • • \ (~ J 

. iin -;'.o ir0,•; one obtaii;s • ·.> 
,· ",• - ·, . • .I • • 

\ 

I 
'J,(1:2)~0. 

', 

( 12) 

Tl1; latter' relatim1 has to b;:·fulfiiI~i for any medianisni of tl1ose rea~tions i1." the ,whole 
1., ;•·· , • ,. • ; . - • ::_ •.:._ __ ;·.. • •. C , •• ·r·<,1 - . : - ~ 

kinematical.region of k2• ' ·I. ·" 
.•· -; "\ ,, - , . •,: ··-,. ·,.-/··. '. \::.. . ,,.. ,_i·._-.- . - ,. " ·-.) 

An experimental confir1nation of (12) could lead to: 
, ' .- .. ',, ' ' . 

',( 

• e _.verification of C- i;1vari~ilCP ~f tli~~ ~l~ctrom~gn~·tic ii1t.rract.ions of l1a~lrons 
, •• , • \ ,·. ,' ,-,_ ·: _, ; •• · :·, ! ' •• ·; • ·, •. ·'. . ',. • 

·.··;_.,." . ' •,, ,: ., ,- ',t· _; ' .• 
• verification oft.he hypot.hesis that t.lie aimihila~ii1i1 of ant imid..-,ins at r{-st is'r<'• 

alizedinthe s'.-' st~te.·. ' ' 

Systems (pn) and (n~)donotj>oss~ss a defin1ll• ('" p~ri1,-:h11t thP\" h;n·;, a ·,1,:tinitr 
G ~ ·;~;ity d~t~r;nii1~iby ~h~- r~;atlon -~ .· .. · · .·· .. .· ' . , · . ' ! , · · 

','' ,' " ' .. ,.. "· ' ,.,_ .. · ' 
-:: ,:, ;·; '.: '.;:____:___·, ......... , 

·1 . G==(-I)'+s+.1~ 

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

where J is the isotopic spin of th<' N Nsystem. Taking/.== o. I= I for 1111 .uul 111• m• 
: '-· . . : . \ ' .,__ ,.· ; . ·, .. _:-~- . . '• ,, ., >-·- ._'. ~ . ··,. " ' .. 
ob_tain that Gaparit.y of the• singlet. stat.<• is negatin•, and (: - parity oftlw I rip Id stat<- is' 

! ., \ • '• ' .-- • '. • ', ,- • , •• • • ,. • • 

·• · p~iti~e.' A~~eptingthat th~ G - iiarity of t.l1c i>ion with ana~hit.r:1ry i-11arg,• is 11;•gat iw. 

' we fii,dth~t t.11~ FF / 1(1:2) rnrresi>onds'i,/th<· rn•1t1i;mof ;111 isd,-c:,·tor Yiit'nal ph,;!t;;, _ 
,I ,· 

0

! ... ~ •,_-•;: "t' ; i- · .. - , _ '_- : ', , ,, ••., . , ,' •.:_: : .. ; .' -;·' -;'~ , , ,•• ,·. ' J. :': , , ; 

and FFJ,(k2) con·esponds to the'crrat.ion of an ifioscalar ,·irtual 1ihoto11: Thi·rc·forP. ,·. 
'< ' •• ,: - • T • 0 > < 0 ' ', 1• : 0 • •• • < • • • - ,,' • 'i:, ••,/: '• • ''•~' •• 

Jriif1(k2
) ¥ O_ for. k1 ::: ·l1;1;-aud /mf,(k2) # 0 Corp::: !Jrn; .. · · .. .·. 1 

'' • •• /. ' ,.;_ , - -, ) • 1. ,' '~ • ,., " - -. • .·,., ,. 

7 



I. 

I 
I. 

·. • • . . . . . . . • . , . .· I.. . . " , . , . 

Consequently, 'µ11 ·.,.,. r..:..i -· aud izp -f r."':·i: ar_c dcs~ribcd by two n~nzero FF's with 
' : ' . : -. . .. ', . -. ~ ), -. ' . . . , ,.. . ' , . . . 

. definite is~t?pic propertie:-. 

•.These predictio;lS of sy111ip~trie~ for processes of the ~re~tion bf cha1:ged and IICtlt;al 
• ' - ' , : , • ~. j • • l ' < 

pious iq N N--+ r./+r::ar~ v~ry·pcculiar for polarization effects . . ·. ,' ,__ • .. ' ' . . ., ., . 

,·4 .. :c~I~ul~tionofft{k2}andf1(k2)'form fact<>rs 
. ' , .• .·. ,., . • , .... ·.' . • . . ;,•·:/ ·_; ' ;'' .'•·~ - . 

To -~emonstrate t~c sensiHvity ~f the differ~nti_al probability of N lf<~. r. /+ 1- •process· . 

to\h~ EM structure of haclr~ns, we c~lc:ulate the forrii f~ctors f 1,;( k2 ),. using. t-he simple , 
• - ' ' , ~. • ., ' , • \ • I • '. ; , •• f •·. ·.. , '>:_· :•:• ~, •. .· ! • ~ :; ; • • • I _; 

tree:diagram~approximation 'model shown in Fig.2. 1 
. i, ,· . . '. · ' ,,, • 

. , : To,, j u_~tify': ti~·e latkr llJ~d~i; we would -li~c\o note.· that the., poles ,tr amplittid~s/ 

. ·corr~s;o~di~g to 'ti;e exch~nge, '.by. the riu'cleon, a:·e ~cry close .~o· thJ
1

phy~ical r~gion '; 
~ •. 1° '' , 1/• (\ •' ,' 0 '< /,' • • ; ,' • • :;', •; '_';: I \ ' ' •, ' • , ! •,, " 

s'...:. A·/2 = ~ -·1i,/2 == m; -i;iE"~· m;~ 2!ifr1i1r',' 
' '. ' ' ' .. ,' i ' ~' '. ' ' ·-• ' ' { • • 

wh~r~ s ~ (k ~'.1i;)2, u ~ (k -112)2
• So, a:minimal shift of th~ pol~ from.tlie,physicalJ 

··,.:·: ,· ,,-·, ·,•':1;,•:·., .. ·' , .. ':.'·''-\, ;','' :t •'_,,i_,' .. ,: ·,·, ,,···;·;~.'(~JJ_'.,.':·' ','- ,,rJ,, ',,_,,_·.' ,"· ~. ·_;,. 

region is determi!Jed by the pion mass,• namely, the rriass of one of the lightest had.rans. 
1 ' • ,·••,· , ~-' I','. . ,', •., _:, \ ·;. •., '.C ': ''. '',' ''., .• - ,(':(' ,', 1: f, : ,· ; : •.•• •• ', '\. • ~- ," 

One has to stress that similar. pole models (Born approximation) a1:e. used ,more 
!,"··, < ,•'•.,,:,·, .,.,' .. __ ·;_ ';,·,_·_.,· ,,: ·<·:~·(i,'f-'_ · .. __ .1

\\'" ': :•' '.:_'· i ,,'. 

or less successfully in the crossing channels to-the process: under consideration, i.e'. · 
' ,. '· ' ' '. , - ',, . t 

-in e-p ~ 'e..:.nr..+"arid_·~-p ..:..+ ne+e-'proce~~er For th~s~ reactibns ~ri~ -~~n ~how 

'-~~o· kide~at·;~I t~gions ~f i~viri;nt vari~bles; in· \;hich the· B6tri ~pp~oxi~ation is 
l ~ ; ' • - '.. ,· ' -· . • 

commonly' use~. 
(. ·.' 

. . On~ ~~gion :cor;esponds t~ the th'reshold of -y~N i. 'N 7r reacti~n, .where th~ eff~ctive 

~ass ~f the (Ni) S)'stem i~ v~ry near to the s-~~ ~; ~ion a~'d n~1cleon m~~scs an~1 'I{t11~ 

.sa~e tim~· the iri~~riant variable k2 ca,/takearbi.t'r~ry v~l~cs\r u;~'spa~~~lik;·;egi~ri 
' ·, •' ' • '' , '~ ' { • '.' ; ,, ' ' • ' • , • ', ,· - •• •·· • I 

,momentumfr~nsfer. ·. For the inverse r.-p -~- n-y* process, th~ latt~r region corresponds . 

. t~'th~ capt-~re of ~l~w pi~n; on prot~:s,twh~re ;a,~es;cif k2 (in tl1e ti~c-l;k;! re~icm) .ire 
' .. : ·. . :-.. . '· ' ·.· '. . . . .. . . ''',): " . ' ' 

r~strictccl by the con di don P::; m;'+ 2Mm"; ·· 

<he ~~cond kinematical rc~ion of e-;N..::. [Nr. anci,~-P . .,,,:. ne+e...:'.p·r~cesses 
~!:', !, :.' • __ ., .. ·-~' ' .! _ _,• .. ;,· -~~ '~,~·- • ,.(·! _·: ;:: :··; ,:·.,,,.,,::'·-.,;', ·-·,> ·.-< \,: .,: ;_.' 

com;sporids to larg~ values of the invariant mass of the r. N system and at the same 

• ·, time to s~all valu~s of the in~~~ian(v~;iable. t := {k-'qt· Ji{st "a ~m~{(;alu~· pf; 

· r~~ponsibl~,f~r ~ ~l~s~ po;it:i~n 'o/t,l{e ;ion :pole to th6 
1

ph~sical-i-cgi~~ bord~J': and as& .. 
,,. i,\, .,•,,, .. \ ' _:,·,.", .:_''•,/•;_:- ·,"·, -·,;-'.;_·•>; ·,(-'/l•·,:. \.-~'.i~;'_: 

,{ .. 

J:. 

consequence, the contribution of the corresponding diagra.iii increasses. 
• • , C • - , , ' • • • : • • f_ • • ' ·• ~ • ~ , - • ~ ·-; • , ·,_ '. 

Measurement of the cross-section of e-p -+ e-iir.+ process in both these regions 

wasu~ed for determining of the.nucleon and .pion El\{FF's. Especially,·ti1e high energy 
. -- - -- , . 

. region was usel [1} for determining the charged pion Ff' in th~ region of the spa~e-lik~. 
../ •• ,.. -- • / •• • < •• • • • - -. ' ' 

· ; momenta trnnsfer ( up to very high values_ of jk2 I) .. 

- 'The. th~(!shold region of ~:_~ --+ e:_'~,/ :ni i~p :::.+ ne+e~ reactions has aroused '·, 
'· __ , "- .. ,.,'. . ,_ ·. t /, . ' ' .. ',·· : ~-': ... ·,... .'. ,_.. ' ' . ..,•:~ , .. ,...· '· ~ .. '. :-:;,· -~-- ~ 

a ;pecia:i intc~est in ti1e \ verific~tion of threshold theorern predictions ( of the K~on: ·, 

Rud~r~a~ [9] t;pe), ~d als~-i~ the v~rjfic~ti~n of ~o~el predi~tions"i>ased ~n· cu;r:;t 

algebra '[10]. -This int~rest has grown es~~cially~after_ ohtainin; ver; 'eiciti~/r~~~l;s . 

[11Ji°ihe ~ro~s-se~tlci~ -of ~h~ 'pl10iop;odic~i~n of ;;o. -~~~~ ~~- ;r~t~ns: ;p -~' i1r~ ,. 

) 

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

.· in the threshold regio~, where experimental cross-sections appeared to be substantially . , 

smaller than theoretical predii:tidns. In principl~, this probl~ci can be ~nnected with 
' :. :- ' ' ' . ' . -- ' ~_.,,. '- ... ;. ·, - .-·. . ,_ --~,' ·. ,.'., ' ·• ·. \ -,"-, - - - . , . ,·:·, . 

the "spin~crisis'.' probleni[l2] in clarifying the asymmetry}n scattering ~flongiJudina!ly 
• .. -·~--··.:". ',,.:· •. , ,: ·: ;:· . ~--, __ ·_ ---~ ·,,:.-~--- , .. ,'• :-' ',,' .. ·- ,._,·.,'·..:~··: ~-~·i 

. , polarized 111\ions on polarized protons. · · . , · · · · , · . : 
' ,_-;·'';_ - .-·, ' '.,; ·':-,,_ ,_, :., ., ' ,--- ··.: - .• ·• '. .· .. _ J 

·When returning to the fi11 -+ r.-y• process, the EM current Jii, corresponding to the 
• ' I ' ,' ' ' ' • • .·' ~. ' ·., . ._;·:· 

diagra~s in Fig.2, takes the form 

.Jµ = '129;·~:( ~:p1)[,5< h ~~2+ -~z;t~n'Yµ + FM2n:;µ:k~) / . ': (13) 
P2.- • - 2 

"> . . F2t, <- P1~k-M: . _/::.:._, (~q+'kJ '.'J:·O-' 
'f")~1{';".+ 2M~iivfv) (p1 :-;--kF -M2}

5 T ~1r'Y~(k + q)2 c:c m;.l~\\2)', 
' - ,,. '• -I •. ' ,_ ... , • ,-' ' .. ·, 

. ~here 91r .isth'e ;N Nc;oup!ing co~si;iit (for~ pseudqscilar. va,ria~t), F.,, is the charged; 

pi~n_ EM Ff ~n:~~F::2~ {/2p)ar: t~~ ~-e~tr~ {ai:tip,rnton).E~ FF;'s. Ai1·a ~onsequen~ 
. ' . ; .- . ..: ' . . ~-. ' . ', ' ,, - . - . 

1 of C - invariance; the_ relation .... ' 

• I • 

... P1,2i_ =:-~F!,2P 

i~ valid. ,"--._ 

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

· · For arbitrary FF's FiP; Fin and F1r the cti~rei:J.t (13)'is riot ccinse;;ed · 
. ~ - ~ - . ' - , . '. ' \ ' . : '.. . . 

, k :j~· hg;ii{~P;hsu(~)(F'" .::·Fi~+11.;) io. ,· 
The cons~rvati~~,~f the EM ~ui:r:nt is, ;nsured only _when th~ (~llowi~g r~latiop, 

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

· /j;,.,, =: F1~ -:-- FiP 
•• < :.:·-. 

~"": l ~ 

·" 

·_holds valid,~mo~g FF's, \Vhich, h,?wever; i;: not realistic at _any value of k2: 
I l - \''< • j .· , ·- . , 

> 

,· 

::,_. 

r 
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O~e can achieve the·c~nservation of the current by ~~~s ofa-procedure'wf1ich is. 
. . . .· .-·· - ~ ' ; - - - . . . ' 

commonly used i1i th~ investigation of ine!asti~ scattering of electrons cm nucleons and 

nucleL We rriean the transfor~ati~n 
-'<"'·· 

'J .' I \ (k_. 
" ~- J,, =_J,, - k2 •• J, 

. as a result i:,f ~hich one obt~ns' th~ conservatior; of the current !;;- Ho~;ver, in 

,. the latte; transf~rm~ilon, ~ne requires. the diverge~ce or the c~rrent JI'" An attia~tive 

p~:pe~ty o~ the ~orn appro;imaiion for N N -+ ;;:y process is the pos~ibility to calc~late. 
ju~t this, current, div~rgence k • J. . •.· ·- . . . ·. . . . - . . 

. - . ·. . , - . , - '\ 

As a_co~sequ~nce, fo/thethieshoid-atriplitudes],,,(k2) ~f N N, ~- ii±:,•=process one . '. 
' ' ,,_ ' . --- . ··,_:, ,' . . .. 

_· ~an ~btain the exp~sions' ': 

-~-
!i';~_>(k2

) ==_~N'2g1tG~l(k2
) S 

1: 1
~~2, 

; r (k2) ~ /''2g,. · lklAf -. (PM+··-: k~ )v))~2 i: /('k2'}.· -,kii\,f ~2J2g Miki (P ··+· 'lF(~))· '. 1

. 

.JI . . ' V ~- 1t •.. •12 I : 2 •1 2 . - . V ~g,, tr . . t . 2 .. . " 'k2 " . -, . L '" _ -.. ,,. s,-,._ ., ·.,.. ·-·, ., -, ._•-· .-_m,,_, .-···:'- · • .. •·-·.·-· 
- . -~(15)~ 

';.' ·-

:_ c;<•>·:!(·G,; +&~ )>-p<~>-~!(i~ ~F~) 
· _M 2 ;~ , M , __ .. 1,2_. -2. l'.~ : 1,2 1 

-... 

·. A~ on~ _could ~xp~l from ~onsiderations inthe previous se~tion,'J;( k2) isdeterinined '. 

· o~ly by th~ i~calar ;art of th~ m:g~etic F~ ~f th~ nucle~n (Ml tri11siti~n )andJ,(.P) .. 

'· is determined ~nl; by. th~ i~\'ect~r pcirts' of the Dirai:-~nd; Pauli. FF is and- a:,:;; by .the .. 
pi~n Flf F; th~t,i_s 6£ th: isoJ;ct~r ty~etoo~· .• -- _- •· -·. ' .. • .. , __ .. . •. 

We. ~ould 'lie t~ stress th~ ~hai~cteristi~ threshold beh~vioui: of both -FF's. for . 
", > • ' ' ·>- ' • , , · '· ' 

_- lkl ::-+ o · 
ft:i(k'l) ~ lkl .:=;= • 

--· ' -

·.· In case o( the,production of n~utral,pio~s in ihe•pp -+ i',~ 

cl~ified ~arlie~,'. th~reifofily one nonzero FF /,(k2) thatln.thefr;me~ork of the Bo~n . 

approxi~~tion is clet~rmined ,by, the f~llowlng relation 
-·- ' \ - . . ~ , l . · .. , . , , . . --.-"". . ~ 

: .-, lklM 
J,(""l(k2) = :-4g"G~(~2 )s-: Af2 · 

;--

···•·.~ ..... 

~· 

,· __ ;,_,./ 1, 
_, 

- J: 

_ 5 -Nt.i1nerical ·evaluations 

,To find the l·2 
- depe11~lci1cc~f tJ1edifferential probability of the.\' ,v:_. -r.f+f-:- process, 

_· o~e h~s to de;·ive relations b~,,,·e~r~- th~_structu:e fonctid~1s IV;(/.·~i~.11'.·2((:) dcfir~e~ by 
·-- - . -..- . .. . . . · .. ·., .... · . .) ,·, . 

the expression (4) a_11d FF
0

s /1(f),11(k2) defined by the relation (11). · · · · 

·. Starting ~-.ith t.he ~ener;I structure (·I) ~ribe ~pac~-c.0;11~011euts ll';j ~f ~he hadronic 

·. t~nsor ~;~d ex;m.;sing"tlH~ni 'through'.a 1iroduct. of the'E~I curm1t Iriaia111etri;ati~n. 

( 1_ 1) for~;.~ 'iriV__, r.:,.: pn~c~•ss ~ml -i_ts comp le; ~oujugalP for;11, afti:-r ~vcragi1ig o,~;;-r. 

~'p~l~riz~tion stat.es of JV and :v, Oll(' ge1:\1re [~flowing r~lati~ns - -
,__,,, •• ' '-'. ,,_ , • • f • ' 

w;(1.,;)= ~·1r,(t2 )1\ -· . •) . . 
/ - , 

IF2(,{,2) =°{l.f,(k2)f 
.~:•. / C \" ' , •~ ' >;" • 0 1. J ' - ' ' • - • • 

We note that tl1csc Tonnulae ,fre of ;1 general charactt;r and tlll'y han· I<> li<· rnlid 
_,.. ,, \ ' - ~ , ,. .-

. ,.for any ;11ech,11;i~i~1'of NN ._; ;,. processes. '· ~ 
• - • I- • ' • • • ' ' ~ • '. ' • ' ~. ; - • --·· ~,:,. 

In the framework of the Born apim>xi1i1ation for the Jip -+ r. 11
1 • prnn•ss. t lwdfect in· 

"/. '<, . . ': : ·.-.. , .... :',, . ·_. , --,•·""'' .·-· ·._' ' ' --: ,_ . ,, :,. __ ,' .~ ~ 
. mass spectrum of prod1iccd leptou pairs in the 1'/1 : ....... r.0 /+ ,- i>roccss \\'ill he detPrii1ii1ed 

-· ' ·_. , , ~' '. .- , ,• ' ;--- ' ...::. . . 

by _the fol)<>w/ng expression 

df(pJJ-+'11'11 /+t·0 )/d.r ci~•·1(·!.·~··). - .-• · I'.) '-'--'-----'-'--- = . , = ( ~ 
dr(pj1 ➔ 1 '11' 11

) _ · . · , . • .. . _ ,. . 

'"o 1a .. v._(P)l
2
.(:.··.-. :·:12 .•··;)_-=2

.(2,,.,_:...._·111.·~)2 /_ ... -1_,_112·( .. ;· "2~,,i).·_:.--. - - _At_-_ ·· J - · · ,.,-. · · " I .:..: -- I +·--· · '; · 
- 3'11' G~1(0) '. ,.- 11'/2_-rn; >k'l, ;_\.· ~-_l:2, -, •• !.-2 ,,• 

--'[(;; (2M ~2 n;,F )(1 - -,2--,,--, ~---
2-11-,,r·_F)f'!. . ,- .. . . - -·· _;-, . 

' -

" 

--• As'.it has io l.i{; i,; the gcn'c;al cas~-; t.h~ ~xp;ession ( 18) hirn~ ~~i;t io Ill' ~r.:o-·011 thr . -

b~;de;s ofphysi;al regim;;re. at. ;r == L(tiw inaximal nil~;~: c>i·i-2:~;,·l~2 ~:("!..\/-Ill., )2) 
0 

' ' . , . . - - , - '.. . ' .. , '.-.: -. . ' ~ 

and at·--· 
- • -•; r - • .' '4 2 ( . ' ' -. '' (,, · • 

X =:: Xo_=··(2M:,.,F (t.hc minimal v;1.l11e of),2 at p:::: ·lm 2 ). 

Therefore, tlie infrgral coelflcient of I.Ill~ int.c•r;ial <'ml\'ersim; c, .. 1 _;= i:uil'-+ r.0 /~t--)/l'(Tip' c': 

'11'0,)is cl~tcrinined by the form;ila . . 

... 

'-. 

I 

--...; 

,_ 



; __ 

• I 

. Ctot(fip ~ r.0/+ r) =, _ .11 ( • kz -_)'-2 (•J\/· )2~-4- 2 - · _'·- _a __ "-{ --d_- - __ • _-·: __ ~ _, ___ ~m_,._. . 111 __ _ - = - · - x 1 - -'---- - · _;____;_-'--:_ 1 - --- · -
. 3r., ro . -__ . 4,\/_2 - m~ . . . . k2 -• "k2 -

: · ,.:(· .. _ 2ni2).' [·(_ · ·. __ -, kz ·- . ) ·(·: : 1.2 . .).-·1 J/~ I G~1(k~) 12 

- • 1 + -. 1 - __ . _ • . ·1 - . .. --_ - . . _. , )i2 •· - (2M-m,.)2 ____ (2M+m")2 _ G~1(0) 

(19) · 

A-~ a· coriseque~~~"or th~ characteristlc ·co~lomb singul:rity · 1, the integ~·al 'coefficient . -
-- • ; ._-, I .; • X . , . . 

• <::ot ,viHtake its Va1~1e main_ly from the region: x-· ~ Xo, fro1:1 where o~e gets the w~ll: ·-

know~ estimation (8] 

-< 

' -: "a . · .. 
C1o1u+n ~ ;-ln(2M/m): 

. • ·, ;3;r - . _· . 
-(20) 

that· do~s not_ depend·on·th~ El\I structure of nucleon~;. 
, '. ' - . ' ,.·· .. .,: ' 

)t foJlows from (20) t_hat the coefficient of th~inter~al corive1:~i~n for the: pp -, · 

1r0;+ /1:...• ;~oce~s· ,;ith 
0

prod~c~ion ~La m~-~ri iai~s- will 6/s1~alle~ than"" thlcoeffici~nt 

of the internal:~cin~·ersion .for the pp -:.'1r0e+e~-•p~o_cess':with" pr~d;c~io;I .ot electro~~~-: 
·, --_ -- : \ . 

positron pairs and ..,,: --

. \ . ( + -)/ . ( + ..:)· (I" . I )-i Ctot µ Jt- c1o1 e._ e ~-- nmµ m, . (21) 

An. accur~t~ integration }ri (19) ~onfi~ms" the J>revioµ~.~ou~Jt;stim~~io~s, :~ it ~ill,_: 

be showu·· further. · 

The effective m~s ~pectrum of 1+1- produced in the pp ~.1r01+1- p~ocess ii calcu-
-.. -. ~ ,. ,, , . ·., ', . .,,-. . ' ... ,', -

lated by means of (18) an~I by !ising-two unitary 1n<l a~alytic VMD ~~<lei~ (13,14Fof . 

nucleon .EM FF'.s~ ,;hich diff~r fro~- each,othe;·bythe s~q~~nc~_~fincorp;ration of the 
- ! : .. I • , __ - • , • ,• 0 ' ' • • • • i · · ,• · 

- con'ect FF:analytii: prop~rtie~ and the method ~f incorporation ~f the' ~~ymptotic oe~ 
• ' ' - , " ",' • C ' •• , -~• ' '.' ,. • 

· haviour as predicted byQCD-(up to. logarithmic corr~i:tions) for .. baryons. The r~sults 

~re ;presen.ted in Fig.:f and. Fig.4; r:.5~ccfi vel;: - . . ;. " -. . . . ,· . ·--· , 

• '. The correspor{ding -v_alues~ of the ii1tcgra;:cocf~ci~~ts of internal_ ~o_nversion !)-fer' 
✓ _~. • ;~·· , -, '; ·-_,, ~ - '-~- ·,' - _-_ '',, __ ·•• ·;_ ·1·· ~ '.-·,·. :' -..,__ •" 

and 

Cto1(pp.~-H0 ,,+_,,:..··_) _,;, :_{-_- OM.: 
- · :- - ·_ ,-_. NM: 

......; - , 

c,o;(pp··~-;o::~-).~--{ OM.=. 
- . -· - 1-(M: 

o:0313 

, ,_,,...:, 

.. 
\_ 

;, 
,\ 

! 

1 
1 r . 
';,' 

\ 

. 

. 

' 
' 
' )
\·" 

. ' J/: 

·where. (OM) ~eans the ~l{m~delh3Jand (NM) means the Ile\~ modeq14] of the_ -
,, - . ' ; , ' . 

nucleoi1. EM FF's, ~- ' .• 

1'he'eff~ctive rr;ass spectruin of lepton pairs produced in the pn :...+ 1r-1ti-:- process 
,. I • - ' , - ·.;_, .•. • • 

contain~, .besides-the information on the isoscalar magnetic FF of nucleons, the inforc 

~atidn ~n the isdvector Dirac anl~a~li nu~l;~n E;'s ~nd .the pion· Ff~ well,-~ it 
. ''. ,., ........ , .. · . ' 

follows from the 'relation_ 

-· dr(pn i 1r:-lj+)/dx.= 2c,r-)(k;) == 
_ : r(pn ->.r,) : _.__ -

-(22) 

- --- 1 - --- --'-----""-- 1 - - · 
·_•o-1Gt/(k2)

1

1~-( .. k2 .- )-2 (2M~-m")2~4m2 

31r cl•>(o) -- 4M2 - m2 k 2 k2 

( ;m2 ) [ •. kz ] [(" • kz. . ). (- ·. ·. kz '. )-) 3/2 

. _1 + k2 , 
1 :2k5R!' 1.-(2M-m;.-)2. l-,(2M+m1rF 

/ 

where 

-R~-(-~2)-__ ~,FM+'.ko ;,<v) _ ~p_s :-1\-12 _ ~s "--1\l2·(~ +_ 2p(vl)·-1
2

/1;c~l(k2)··12 _ · 
. · . } .?J\1 2 · - "·t - m2 •' -• k2 . "- : - 1 . ,I' M -· 

. · ... ' .. ;_ ........ '" :~---:, ---~-. ,r ,.· ·:, ' ..• -_ ~- -.·, -

- 4Af2 -tk2_...:.m; 
ko = ,._ 4M 

·since F.,(~):= : 1 (the;e is a ~egativeiy ;charged pio~), 2Ft>(o),;,1; then the f.:in

'- g1i1a:;ity intlie. ratio R~.~illbe cancelled. '.i'heb~h"aviour ~f Ri(k2)(the F,,-(k2
) is 

-_ tak~n from. [15]) is prese~teci' in Fig:·s. _Th~ effe~ti ve. !!las;:~pe~tf.~rri ~( ,,=·) ( k2) i~ 'grnph

' ically pre~eiited in Fig.6 a~d Fig.7. The c~rresponding integral ~pefficients of inter:nal; .. __ ~ - -. --, . , , -- . . - ... < ·- < ---~ . . . - .. l 

C1o1(;n~ 1r-:µ+;~)~_-.{ 
'- , 

' ~ .- :· ') . .' 

OM:_ L362~ 

NM.: 0.8032·--. 

.-- { "-. ·" . _ -.- ··_: + _ -- . OM : 1.37~9 
Cto1(pn ->., ·1r. _ e e-) = __ . -·--_ ·, _. · 

' NM': . 0.8149 ·_ 

-, 

:The q~antiti RL is sensitivet~ the ~el~ti~e phases· ~f ~fth~isovectoi- FF's P?>, ·.' 
FJ"> ~d F1r~ Therefore,jts ~xperim~ntal-determinati~n as afonc~i~n ofk2-appe~ t~ . . . - ~ ·- . . - ., . . , ·-. : - . -. 

be very important in reconstructing the EMstructure of hadrons iri the region of time~ 

like mome~t.::~ H;w~;er: io separate ~onti·ibuti~ns of Ri-( k2) and· RL( k;), ori~ h~- "io 
• ''• '> ·, • - - •• --•- • ' - ' - -•. - ·-- • ' •• ' -- _-



', 

/ 

('°';-

investigate th~ y - dependenc~ of the differe~tialpmbability Jlr / dx~ly ~f pn '--+ ir..; /+ /-' · 
....... - ' i - /-

process at a fixed value of k2. _ . 

·.· It is extremely usef~lto ;ew,rite the quantity RL(k2) inio thefollowing for~1 • 

RL(k2) = 'It](.~) +!(1:- k2·+ m;)·F.(v) + ;.(1--, •· i k2 ... )+ , - (23) 
.. E . 2 . 4M2 ' 2 ,r 4M2 - m 2 -

• '. ; J f,.; . . . , . 7i " .. 

; ' ' /+ ·4M2 :-k;;'- k2 ~Ft +?~l(v)f /IG~(ck2)12 ~ . J 

= '.' ·1c<v·)· .· !(. _:_. k2 + m;1)- • •. 
. - E _+ 2 1 - 4M2 ' 
. [ - . .. ' :i . . 2 .. · . ·: 12 . - ' . ~·-· 

, · (v). · , 4M _ M ·. ' · (v) . (•) · 2 2 
i . F2_ + 2,F,. 4M 2 :CC m; + 8k2(J:,. + 2F1 !] _JIG M (k JI .· . , , 

Since FJv)=l.90, tl~ere i.s -a strori~ compensation of j;,Jul and l c~~frlbutions in .. 

RL(k2)for ielat~v~ly s~ll ~alues of k2: .• . 

~,) ···-.. - i-:-(k,~ 
. ;); -. r1_ - _- P-+(_k,) -_-An!-) 

-,,7 ·, ".· 
;/,.-' .. ·~·, 
,v(Pif.-, · •~ :r(1l"- . 

"":-· 

> 

Fig 1.: -Diagra,;-,m;it ic r~·pr~smt atio11 ,-of tl;t.: il;;;plit:1d~ of ;,;nihil;tion of slow ~11t-i11ude~· 

. - • <>11S on n~;dcous at n-st i1_1to a jli~,;' ~11~! a lt.•pton i1air. - - . 

,.._ 

6 
'I 

. Conclusions a~~ -s~miii~y 
1/. ·. ' ' ~ - "N > 

,' 

We have theo~etically investigated the annihilation ofslow antihucleons ~n n~cieons at • -
' - . • . ., __ '• "' •.. • -• ,· l ·-.. / 

<~,, 

· rest· into pion and; lepton pairs with the aim of possible experim_ental determi11ation of· . 
-· ~ . . , '; . • • / ". , ,• - '" '.·· . .'~ - , " "'_,. ·• .. • : . •" _. r . . ' • , '.' ...• : 

"the nucleon EM FF behaviour in the unphysical region, i .. e. in the region ofcomplicated . 

. behavi~ui of FF's 'cau;ed by the resonanc:'~ f~~ation; Since, in a process of that .so;;; \ · . 
·.: • ~· . : • ·, ' -,,,.,-- ·, , . .(_.-· ' . • : ·_' 1 

'the capture of slow· particles on other pai:ticles at rest is essential and therefore; instead 
- . ' i . • • • . . . ' . ~·,.....-:--.···. : - - • • . •. • 

· · of the 'cross-section; the decay probability of a bound system is considered, we have 
;,

0 

: .. • ' • _. ~ _\ _ ,i • . . . , •· , •• •. ~- · . . _1---~:: ; ." , .. • '· ,. " ' ·._. 1 

first clarified the·structure of the differential probability ofN N'-+ 1r/+1- proce~s. It is. 

shown that the l~tter ge11ern,Uy depe~ds@ two \~antities,•R~(k2fand Rr(k2 ), to b~. 
- . ', ........ . .' . ' " : '. .· . . . 

expressed through 'two corresponding stiucturefonctions~· For ,the calcul~tion of the k2-

. ·dep~ndence of RL( ~;) ~ndRj,(P),'we have uied ~h~ tree-diagram~approximati~~-:u~dcl. 
• _. • / __ , I,__ :>:-·• 1,• .•.'.•' 7 > .-•. _: ._· • ._. '"';• _ • '---•• , 

·for the N N -> 1r/+/:- process, in the frameworkof which it is clearly ~emonsti:ated that 

the process pp:_; ir0 1+1.:.· is coa'ipletely described by means ~f the magnetic FF of tl1e, 
. . ~ .,, .. . ....... .. . , - . ~ 

proton. At th~ same time, the description ofthe p'n ·-_. 1r·-/+1- process, besides th~ 
- ' . . . - ,' - -> . .· ( ' ',;,__ '' - . . : -
isoscalar magnetic.FF of the nucleon, contains 'also the isovector riucleori and pion EM 

' . .• . . ~---
FF's; ~ 

: . - -.. , ':' -. . ·.' '. . ' , . ... ·- . ..: ~ ' .. , . _< .. , . ' .. - •· ; ' ' - - . ·~ .'- I -

By using two unitary.and analytic VMD modcls'of the nucleon EM_FF's and the 

. most ac~omplished up to ~o: );ion El\1. FF mod/we liav~ fin~lly predicted th~ elfecti ve 
'• ' ., ··. , --- . . : -.:-"· ' . . . . . ' . . . '• ' ·'·~ \~ ,-
- • ✓-

> '· 

·'< 
., ~~ 
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