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1: Probie~s. lle~d.to be solvedfor.comparing theor;tical calcu-. 
lations. of the 'IT e -scattering with experimental data, have much in 

. common with those for the.· ep -sc~ttering. 
. . 

In works/ l-J/ the c~~responding formulae hav~(bee~ found · · 

.. for the. cp .. -scattering x./. . In, principle, .just following, the au
thors. of the .. above papers, it is. possible to perforlll;thenecess~ry 
calculations for,.the .. "- c, -:-scattering, ,too.- UpJo now: only the. first 

> • ' • • - • • ~ • - • • - • 

·.- ste~s have been ~~k~n ai~ng these li~~-s_; tn\~ork~/' 1~_5_/'; de~li:ng with 
the " e.· ~scattering, ,_some calculations have be~n, made. However 

. these must be. consider~d. only as estimatious; •. ·for the exp~rimerltal 
situation is reproduced ther;-e non realistically.. . _. _ . . -. 

The basic difficulties,; one encounters in such a work, are:ofthe . 
computative. natur~ .. The- principa_l·_ ~ue!;tions as tho,se ccmnectedwith 

•· ~ccounting· ~strong · int~r:~cti()nS,', .app_l icabi I ity • of· 'pert_ur~ation .theory 
and so on, of course,: are present as well. Nevertheless, expenments 
on the 'IT e ..: and ' c p .:.~cattering are preferable for studying fcir'm 

'factors just because' tt'te contributions, of roughly considered diagrams 
are usually small, and.they 'carl be neglected or fairly'taken into ac
count by meansof sort;~e model (for instance, the p -dominance mo-
del). ·_ .· . . · · .. · ·· ·. · · . . . ·. .·· .... · ... 
_ ·- At, the same time the. calculations pro,ve JobEn/erybuiky, a'nd 
we think .that it is· quite unreasonable to do them analytically. The 
. analytic methods suffer 'mainly because of nonunixersal ity .in the .sense 
-that if some· new factor has to be involved, the calculations should be 
made practically anew. In the suggested'numerical ~approach using the 

·-Monte Carlo method (MCM), any changes anieasily introduced,' si~ce 
-------------------------. . -

x/ A more detailed-list ofpapers canbe found in/J l . . 
: '". ' . ' 
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· only the integrands should be changed, and notthe calculation method 
of integrals. · · . 

It takes pleasure, of course, to possess the closed analytic for
rl)Uiae - results. However, they practically prove tobe so cumber:.. 
some that n~ed to be analyzed again numerically, by means of a com-
puter.· · · 
... ·. ~. .1~ tre. pres~n~ work_lf:'e •• formul~te the, c.~lc.~,lat,i~n .. r11etho.d .for the 
,,qua.ll~·~Y · .. · ... (T "" ; ·'?the: e~pertm,entally _c;>bser:ve<:t.' IT 'l' :_s~.a.ttenng cr;~s,s 
'\~·,·.;'"'· •':, ,· .-~ ';~, :·~ , .. •· ·, '.· ,··· ··,~·.<' ' .. ·',,;_ ,·-.:~ 

section, to order a 3 , and the corresponding·differential cross sec~ 
tion over the experimentally registered value ofthe momentum trans-
fer do, I _dt :x · qr, which is thesame, da /d~ :x · (t :;~2rr.(C:,x-mi-, 

:·~~---- ··:·,, ~···: ,,.., · .. ~ .. ·~ ~~·· .. ·, 

.where . ( :x . is the experimentally observed ,value of energy_of the 
'finar electrons, . in:- the :eleetrori mass).~ The facto-rs· involved into 
'the c~lcuiation>•are; the 'following: i the change' of electron energy.· due 

.. to the ra'diatiori within' a·target,'~spread of the primary pion beam;'im
, precisions in -the "measurements of momenta and angles of electrons 
, and.pions caused by 'the finite' resolution of 'registering' apparatus' an:d,·' 
.'finally; experimental selectioii:criteria (ESCFof.elastic eVents .. ···· 
. · ·:,;,The .. radiation: los·ses': 'we,re taken into account followi,rig: the 
wo~k. /:3/ by using. the for~u,lae·: (8~2-_7 1 B.'6)~ The'';phrhary~ '·b'eah, ·· 
spectrum .Wi3S given b'y the histogram ·a~tainedjn the Serpukhoy, rr,p '

·scattering experiment. .The distributions. of experim'entaiiY' measured 
values_of energies and 'ang~esJor the electrons·and pion~ 111Hh respeCt 
.to.thei,r ~rue values were given vi~dhe Gaussian· functions' of the, p'ro-

. ,bability 'with. ~he. experimental," widths .. ;rne selection criteria,: impo
_sed on ·the ·experimental values··of momenta arid restricting the inte-
. gration' region over' ,th'es'e variables,. included cuts 'on deviationfrom 
the 'energy 'c'onservatioii law,'on'deviation from zero transverse'com-
ponent of th~. fotal ·momentum; a~d on coplanarity o~ the, primary' pion 

· ... ~o~k~tu~:<·~i~h::_.~~~pec~_!to-'t~~·/ih:~I:R~rfib~{e.·.~.o~:Jnf~:.cal~ulati~~s 
. were,.carried :oufforJhe-'meari .. energy of primary beam i·.:=:· SO.GeV. 
•· .. ' 'In· Sectio~ 2;ttHi"m~tf:i£ element.for:,the· 'proc'ess i~- bri~fiy_~on
. sidered;'. in .Sect. r.3 we.'pnis·ent.the):alculatiori tecl"'nique;)n-.Sect~ ,4' a 
- .• , ....• •' ,. '··· : ~~ .··' ~,- '·' '"' ~---~-~····-- '·' ~.~ ·.' •• ~.·:~:.'_$')•;,":f/ ·-.·~;:~ · •. : •. ~·· •.::•-..,; /!~·.-~·-~ 

comparison w!th ~ork_ /.4 '"is given, and in~s~-cf s;tt"le~re~ults:·a·re-dl~-
cussed. · ···· · .,... . ...... " ; .. , "·· · ·· ·.··· ·· ··· · , .. , .. · · · 

4 

/ 

2. The matrix 

a was considered 

employed the formula 
pion form factor: A 
tion of the piom for 
now briefly discusse 

·. tion to order 1/.1 , !n 

u = 

Here the quantity a 

i 

contributes to that. 
ram of Fig. I, the pia 
pends on the only vat 
of lab.momentum tr 
electron .energy x/ · . 
to these the following 

---~~~--~ri~h;ti~o~ 
" k " those va I ues of 
enter the matrix ele 
servation laws, agai1 
suit from the meas 

, I 



t the calculation method 

the closed analytic for
;ove to be so cumber:.. 
f, by me ails of a com-

j 

lculation method Jor the 
fi 'rr t;:.... scattering cross 

,. _ ·' ~ · , -: : . i .. I ~ . j :; ; \ : 

·differential cross sec-: 
f the momentum frans
.,d , . " 2 (' ) < 

( f eX l t e, ,r' lli ( <> x- m I ' 

:!value of energy of the 
ie faCto-rs· involved into 

of ·.electron energy-due 
:>rimary pion beam;' im
and angles of electrons 
~isterillg :apparatus a~d, · 
f-erastic eVents. · ·: 
<account followi_ng. the 

>L ·.The.'; prima~y ·6ea;, 
,_irdhe Serpukhov rr,e.

'PEi!rirnEm~ally' measured 
;'and. pions with_ respect 
an'functions'of the. p'ro
lectioll criteria, ,impp- · 
l)d restricting the inte~ 
cuts on deviationJrom 
n 'zero transverse com:.. 
~!ty. o( the' primary' pi on 

'mom{mta:;calci.Jiatio-lls 
~ary beam i "" so GeV. 
pr()ce~s is bri~fly,con
iJ~fhnique;J~Sect_4: a 

:, 5_the.results ~re 'dl~-
,1"1· . 

'' ~ 

1 
I ·r 
I 

2. The matrix element of elastic rr e -·s_cattering, to, order 

was considered in detail in works l4~5 l . Our calculations have 

employed the formulae from ref. /.4/ ,.modified by inserting the -
pion form factor. A possibility of such a. phemomenological inser
tion of the pi om form factor into the 7T e . -scattering diagr:-ams is', 
now briefly discussed. Let us write the rr e. -scattering cross sec-

.. tion to order a·' · in the form · 

(I) ' 

: \ 

Here the quantity a .. 1' is of order .a 2 , and the only diagram 

I 
I 
I 
I 

. '·Fig. I 

- contributes to that. In the matrix element corresponding to the diag.:. 
ram of Fig. I, the pion form faCtor is .contained as a factor and de-
pends on the only variable t';., t: =2m ( (; -:-m J ·· . · is the square 
of lab.momentum transferred to electron, and ( 'k the final 
electron energy x/ . Two other terms in (I) are of order· a 3 . and 
to these the following diagrams contribute: · · 

----;;~--~;h;t-.f~li~~~-~~-will 'name kinematical and denote by index 
"k " those val~es of particle_ energies, mom.enta and a_ngles, which 
enter the matnx element of "e · -scattenng and sat1sly the con
servation laws, against the experime.ntal values, Le. th~se which re
su It from t~e measurement and wJII be denoted by mdex " ex ". 
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·I) due tri eledtron vertex 'renorrrializ~tion 
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.. Fig. 2 
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Cl) &) c) 
'Fig. 6 .. 

. A tontribution to the cross section of the interference of the 
diagrams in Figs. 2-5 withthat in Fig; ·1 is denoted via ;, 1"' • A con
tribution ·to ~(I)· of the diagrams· of .. Fig. 6 is denoted by a,, . To 

•',.' ,· · .. ,, . ·.. ' . . ' 

·.Cancel the' infrar_ed ~di~ergences we. break a b into two parts, as 
: .;.> ; '. .. -ll 

:usually (see e.g. ref. 1 :4~. 
-.:1· 

; . .'·. . .,._ 

ab = ·asott' (w .<w) 
' . . ' .,,. ' 

_w;) ' (2) 

,; .. ' :· ' · .. " - ' ....., 

where clJ. is the. lab.photonenergy, and . w. ~is an arbitrary quan-
.tity satisfying .the only c?ndition w «Ill ) . In the concrete cal cu-

. l~tions w = m /100. has ,beEm choseri • :xi· 
In: computing a ~oi 1 in' the bremsstrahlung matrix element 

de~crib.ed by .the diagrams of ~i~.:.~~.· only the term - ~ . is conside
n~'d and the process kinematics is taken to be elastic /4/ . In such 

--~--;fl~-;;d";;-t~-~h~~~['~nett1~r<:our''re~ults ar~ st~ble with respect 
to w , we· performed ·some calculations also for w = m I 300 · . 
Within jhe statistical accuracy results are the same. The value. of 
. · . w · = m/ 10 .somewhat changes the result for electron energ1es 
close to max1mum; . . · . · · .· • 
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the interference of the 
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into two parts, as 

(2) 

is an arbitrary quan-
_ln the concrete calcu- . 

;a~lung matrix element 

t 1 . .d erm --w _ ~s cons1 e-
~ elastic /4.- . In such 
1
are stable with respect 

J for w = m I 300 · . 
the same. The value of 
It for electron energies 

'. 

• an approximation the pion .form factor enters as a factor -into .the 
matrix element· for· S()ft .. photon ragiatign, and ~epends,l ike ,in eJasc i 

>. I' 

. . . 

:·. fn' c~l~ulatin{tll~'ihterferenc.e ~f-the diagrams of Fi'gs. 2 and-5 
with ~Jhat of' Fig., I i~ i.~ 11ot difficult .to t~ke account ofthe pion form_ 
factor.· This_ ~gain is present in the diagrams as a factor depending 

on. 

_--A c~ntribution ofth~~~ di~grams,, in the point approxirT1ation, has been. 

calculated i~ wo~k/..t/ ' : As the'nufl1erical calculatio~;shows,· at the,:. 
primary pion ener-gy 7 50 GeV,~their contribution~arr10unts lessth.an~ ._ 

· 1% of the elastic cross section. Correctipns tothe point approxima
tion due to strong inter:actions, can be estimated, for example, in the 

<· .... p :dominance, mod~ I. In . work /S/ these- correcti-~ns have 'b~en: 
<W 'J r ' 

fo~nd to .be of -order t -~ / m ~~ thus they can be neglected in the ener

gy region_-· under consider::ation. Hence only the:contribution.of these. · 
diagrams computed in the point approximation, is. here considered.' 

· The quantity · · · 
a ~/so lt,;,alnt :+asolt (3) 

is free ofthe infrared divefgences and represents thus the totaLcon
tribution. to the .cross section of terms -a 3 with the elastic kine-
m·atics. · · · · 

. . . . ' 

The quantity ._ a'"''d(-c/ ). is a contribution of hard n011~bser:..' 

vable photons and in its calculations }t is already impossible to con:-

sider only the term ..; ~ a'nd the kinematics. cannot be regarded as 
the elastic one. lri diagrams 6a and 6b the form factor can be allowed 
for trivially,. for it ag~in is c~ntained there as a factor but depending 

on the. other-. variable :.~;~- =:-(q-;-:q' ) 2 _which does· not coinCide 

with_ .. t';; ~for inel.astic -.kinematics·. -

9 
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, biagram 6c cannot be. calc_ulated exactly, however·by'means of 
the.: starida rd · technique · we can 'exact I y .take_ account . of two pri nc i pa I~- . 
terms in ail expansion of 6c over the photon energy uJ. · ( the _terms 

• • • ~ • ' • ', •• -. ; • ' l• •. ' •• 

1 --- and -1 ). In these Jwo terms the pion form factor is con-. 
.• (t) 

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

tainea' as:· a factor depending on ~ "k , Since the-diagrams of e~is2." 
. :- .'. ~ . ' ' " ........ ~ . ., . ., . ' ; ,. ; ..' ·, . ; . ' 

. sion by pion ,contribute to the cross section much less thanthose of 
. emission by ;electron (the square ·of' the pion 'emis'siondiagrams' 
equals . ~-- 5% ·.from the total contribution - u 3 _ ), . then it seerns quite_ 

. sufficient to consider only the :above two terms. . . . . . . . . . 
· Thus. we see the· phenomenological insertion of the_ pionform- i 

factor is "-actually possible ;into all ·the; 7re -scatte'ring diagrams 
. · except for -those· of Figs. 3 and 4, giving small conJ.t:"ibution; · · · ' · · 

... ·At the pion ener-gy not·above 50 -GeV, v t;,ax :;; 190 MeV, and 
--:: e;;'', ' C; :,,--, , i'•' 

·in this· case ~ne can . expand the form factor F ( t J ·. inthe .Taylor 
series' over the' Variable 't ., and cons!der only ·a few Jirsfterms 

F(t);,..l~l..fj t·+L·~ 2F. · ... !'· :· • t 2+; ~. ~-1- .l.<r2rr'> t+L <r4·> t 2+.l/(4) 
-.:_.-,·at: t=O ··'c2··at 2·; t=;:-0 ;,·_._ ··;6. ;c .6•2Q,.,,1T ·. ·, ., . 

'•; \ 

At such energies the second term in (4) does. not exceed 0.07 for.· 

v' < r;~:>, > 0~7 r . Inserting ,(4) into (J) we can f~ctor_ize unk~own 

· par~m~ters <r.J > 3nd <r~ > and represent the' cro'ss sedion'.in 

. the form 

. •u: ·, t ~- J :: 1':. ·~; •;. ' 

a= aee+<r_2·>aee+(5 <_;2 >2+< r4_,'·)(1 oP + ,,.t ,· 1T > 2; _., : -::J', . 1T . 1T ~ . J 

''. <"'1 

. +aelsol-f.<r2,>aelsot·t '+ahard 
-- . 1 . 1T .2 . 1 

-------------------------
x/ Here and in the following 'the units u~ed for theparameters' 

<r 2 ·>and <r 4 :>are (fermi)?·., ·and"(ferini) 4 /i~espectively. 1T 1T . 
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~rgy;, £i., . ( the terms · 
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)I then it seems quite 
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max ::., . • e 1 and' 

• F ( t) in the Taylor 
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1 4 ·· 2. ·. x/ . 
'·_-·<r ·> t + · · (4) . · 
.6 ·20. ·" . ... . . 

•es not exceed 6.07 for 

can f~ctor.i ze unk~own 

·the cross sedion''in 

(5( 

' ed for the parameters' 

i) 4 
I: respectively. 

· ·If .the p'ah~meter!·<r·;~ is n~t anorrial~usly large; it is doubt~ 

. f~l 'whether the rei~vant. ter~s i~ (5)can be measu_red·'at.the primary. 
beam energy E = 50 GeY,~ It ·rs . no sencel obvrously I. to keep the 

·:.:·· ' ~ ~- .~: ·' ; . 

terms proporti_onal to <;r~ ·> ·a~d <r ~ :>fin the contributions 
. , . ~ ' -' ' .. 

-a J • 

' _. : ~ . 

lnwhatfollo~~fswewillcalculat~thequant.ities a;~~ ;•~:'1 a~=~d I 
• ; f • - •• • ~ '· ' ' " ~ • ' ' • •• • " ' ' ' t ~ • ! • ' ~ .: .••• - • •• \ ' •• • • 1 

the. -~orresponding .• differential_. cr:o~s. sections with . respect to. the 

·~ua~tit~·. ~t~PX ',as: well;, as· aradiativecorre~tio~' by which W~:·mea~ 
here t~e following'.rati() (in;%) .·. · · · · ·· · · · · · ·· · · · ·· 

:,dt e 
. ; ex 

'_.,,, 

··dt.e '''· 
ex 

'.100. 

. ~6) 

· 3;. Consider : '(/" any •a'1"':'d ·. · r'ntr·o· -.· 
;; • • •;. . 2. I · . . ·p . . . 

s :· 

quced in· the previous section. With the experimental conditions in-. · 
. ., , '· , ... · ... '··· .... · v· 

__ valved the foll?wing expression holdsJor th.e quantity· (<r;:)·"~ · ·. 

•00 ,(";a(Ek) n-1 

=fdEkf(E,kJJ d€; JII aetM:;(Ek,(;;tet I) X 

' '"""' . . . . . . . . . m . : n k I= 1' . . . . . • . : ·.. •. . 

em ax f~ . .. .· .· . . . :: "":.. .· ' . 

f ae J ~('e :Nr< ~e)L(E,vJ,,raf;x 'G (Ee..:.f:;x J x · 
0 m .. :-"" 

. 1 x--
~max 

(7) 
.oo m-1 ... 

X f· .. ·n 'G ( g1 _g ''J ag J(.·c (E \ '· (·~ 
. ex k ex·' ex.· ex 

· t g/: I J 
· ,·ex 
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. Here:·. E ..: is. the energy ofthepion primary beam, E~~-- its.mean 
•• .-' 1- • ' .' < > ~ • ' , .. ' ' • • • ".~ < •• ' : '.' • • ' •• , -,. '.. ~ _-, • • ' •' ••• ' • ' • • 1 • • • • 

v~lue_, i~~~ :d;(E,k) the .~nergy:d ~tr;H>~~jqn ~en~ity/ -ft(EkJ. dE;:~ ~fl :,; ,· · 
··:·'' '"!;·::. · .. ;_ . ·:·'.;;'::<' :>~ ·•; ·' ···.,' •• ·•• .. ---"' .... ·.h.,[;';'.·•,i 

t -~ , ·. 1- '.f ~'I .- n · essential kinematical· parameters~ which cha-

·racteriz~. th/ b'o~;sid~red' prodess ~~d satisfy the con~~ftahri~: i~wk. 
( (~· ' - the ele'dron ~n~t-gy ;:· ~n<J' ··t e~ 1l -:the re;.i;airifri9 pa'ram~:. 

-''(--.) · .:-.;~ ·-r~a·~; :._ <;i_ ·. ·, -·~.:~~ ··, ,;,. --:~ ~--__ ;/,'..:-"~ --.') . -~,·-~·-(·i~ __ ,;';.'~Z~-1 ·--~ ~;~_-,' ::. . 
ters); i ~- · (E k) .:. ·the. maximum kin~matical electron energy for given 

E •• ":iJ:S '(E; ~·, .,. f./1'-'.) •• :·:. ,.- ; _;;~_~ - :: •. '. ~ .--:\~ .. :\ J_ ~-, : 

:.. the total .contribution· of. all the·· · k I p . k ' . k ' ·' I<. :;, ~ • . • . . . • ' . . . <. . 

diagrams to .the corre~ponding ;c~oss sectior multiplied bysome _de- . 
gree of m_omenturn transfer.:.ansmg _from the -form factor- expans1on .. 

;, ·; ~ 

. The quantities · M~ ·:depend on th·~ essential· kinematical v'ar,iables: 

. .-··£k. and tfr for terms with the.:e,iastic kinemati.cs and on Ek 
: and four variables, as· well, for. terms ;with the inelastickinematics; 

' ' . . -~ . . ·: ' . ' . . 

9 .. k ·- is .. t.h.e pha.se spap7,of,) g_: j integrati().l), · ,Pti.a:<'.-: the· 

·target length, f - the path of the final' electron within a target; · 
J f · ·1"'· ;~> :: f~·,;,- .· ) H·;;;;.:_~:- .··-/'- ' '. ,'-;! =~-- .. -. /~ .. ·~ ~ -~ . <~ _l: '~~ 
.. (;, - the value of the fmal electron energy after the external 

bremsstrahlung r.with!nJhe_targ~t, ;dVJ ~ ;,;)').;L, ( f;;y,); th.~ distr:k· 
. ' . . " .. '· . - . - . ·: ,. --~ . . . . 

bution density of the quantity ( f , 
;.:. 

, 
~ l - -" ' "c -_·. __ ; . :.. '· -~. 

't·N, ( E ~, e) L. '(£,'v ):}dE f =}1.'~ • ,._, ~- ' (8) 
m 

and 
E'-E£ ~-., 

~ , . ~-} V =' k , . . I r \ ~ .i S ';' .i 

for L ( f, v ) · 
E k . . • 

we employ the conventional expression I .3 I 
, . . be -1 

1 
. 3 . 2 J. 

L (£, v )_ ~~ v . .( :; v -:1: 4 :,v , · 
' . . . ~ . 

!(9). 

(for definition of the quantity b see also ref. I 3 I ). 
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~ ~ 

· The normalizat 

. 'US withthe following ;E 

'N ( , . 
E k 

c(a) :=. ( 

·a ( x- x 1 ) = N • ex1 

functions in such a. VI 

volve the errors of m~ 

ron energy and (m-

C(F· ,' · lc 11 
"tt~ ' tt r( ' ~ ex_-.! 

that whether ESC have 
We note that un 

tions f ( E 1, J , N (, 
tity. ; . 

•ma 
Ek 

CT =-I f 
p,s m 

is thEdotal CrOSS. sect 
• mental restrictions or 

. ,· . a "" \'. ( . a s .; '• 
t"''J( ... p ·, ,,, ~ . ' 

representing thejotc 

In principle~ in~ 

be looked for by mec: 
In such an approach 
place: 



~am, .. Ee~ -: .. its;mean 

ity•fl(E)dE· ·J· 
,c•, .~:~ ·.k' ,:k~.,:> .. ~':'•• 

~;~~meters:~ whi~h' ~h~~~ .. 
the' con~ervatirin I~Ws 

the rerhainl~g ·parame~ 

!Ctron ene~gy fb~;given •. 

.. contribution of ~'d the . • 
·. '·' '..,.·:·- :·' . '.\ . " ,•. '. 

~ultipl ied by son1e. de
•orm factor expansion. 

<inematical 'variables: 

i nemati.cs and on E k 

~·inelastic kinematics; 

·gration,. 

c~ron within a target;.· 

~9i after .. the external 
(f,y):; ;-, thedistri..,. 

' :. __. • • ' \ ; ' ·<. • • < • ', : ~ • " • I 

1. (8) · .. 

ression 13 I 

) :(9) 
/;3 I 

,. 
1 

j 
'l' 

L 
l 
j 

l 
l 
' i 
i· 

' ' . . 

. ' The normalization condition (8) for 'N ( ( ;, , P)L(t, v) provid~s: 

.. · .. uswith.th~·following ~xpression: 

'G(x-x 1 ) 

·N r ( ' ; e J · = -
1- c r a J , 

•' ... k ' ('k 

... · .. ' J.······ 3 .· .. J '·, '...1 . 
c(a) =(-- +- --. -) ' 

.a(a.f:J)· .4 a+ 2 · 

N • exp ( - .!.::_~~2) - are the normalized .D .. 

.·. (10) 

· fu~ctions il1 such :a ,way that f'a (x -.x;J dx ;;. J . , these functions in-
• ' . • . . -rl(J . . ' . . . . . ·, ... •. .· • 

volve the er~orsof mea~uring apparatus; c.:x '. f; g ~X I 

. ron .energy and (m-1) other parameters measured!··i~:'experim~nt/~ 

C( E;· • . r;, ; I g~x IJ ~afu!'lctioll,.,equal to unityo'r z~ro d~pen~ing on 

that whether ESC have been satisfied or not f~r an evertt. •. :·. : : ... ·· .. · .. : .'. 
We .note that under used normalization c'onditions.for the func-: · .. 

. tions f ( E 1, J , N (( ~ P J L. (P; v J and Gaussian functions, the quan-
•. • ·, . I • '.' .. · . 

tity 

. •.' 

·. 

: )! 

',_,·_, 

is tt~etotal. cr~ss sectio~ forth'e p~oc~ss not ~~counting th~:e~p~'ri.-:-··•,: 
mental restrictions on the kinematics,:.unli~e.thEFquantity. . . . · 

' ' '' . ' '. . ' ' . . -. ~ ' . ~ 

· .. •a ·- ';' ··r·a s.) ... 
f•x -.... p .: ex ~ 

representin~· "the total experimental cro.ss 'se~tion for t~e proce~s. 

In prjnpip_le~ inter~s~ing}or. us. cross section. da[ d£ 'e;. ·. ma}l 

be looked forby means of..I\,1CM .· · .. using directly.the expression p). 
. · .. In such an approach the following ·calculaJ~ng procedure wouldtake " 

place: 



. . .·· I) An initial pion· ~nergy E k ~•· randomly: chosEm ·.with the··· 
·density r (E icJ ; . ·. · · · · · · ·· · 

2) An interaction. point in. 
. e ', is looked for); ' ' .' ' . . ·. . . . ' ' '• . . • 

3) A .random st~r. i~ ge~era~~d, i.e.Jhe. random values of. 
-.' ' . ' ,_" ' ,_ ' ' ' . -

lc ~ , g i !. ~kinemati~al parameters a·r:-e c:h~sEm; 
' ~ ~ 

4) At c ~, ·fixed .the ·l~ss · v ··within'th~ targ~fois cho~en with 

density. ·N (c~ ·,_e;L(£,v) andfrom· v the quantity 
ined;· .... c::;·, ,,·.·. · .:· . 

, ... ·5)·With •. the de~sityofGaussianftinction.s nea~ ·~I 
'· . " ' ' ' ' -' .'. ~ - . . . : . . 

the. values of experimental parameters, .. f ~x·. ~nd··.fix· ·.· are•chdsen; 

. 6).The.'function CJE.exY:c;x ,_l~f~x JU:. iscalc~lated;·· 
. . . . _,_. - .'· ·' - ... '. . 

.. 7) The quantity,: M;· (Ek, c;. •.L f~. j: f . is calculated; 

8) The quantities :d~IJ .. f'CJe··.,,:. :.are obtainedby.histogratnrning 
. ..:., , , . . P:. ··~-· .ex ,. ; . .i . • : ··::· ;< , ·.,.,.. 

with respect. to 

We ~~·e th~t in such an appro.achthe calc'ulations mus{be:perfor~ 
-' . ' ' . ' 

med ove.r the whole range . c :x while 'to obtain a good~accuracy the, 

quantity~ da ·~ /dc L . should be. calc~l~tE!d .only atth~ti~~dpoints in-
p ' .. •" . . ' ' ' . . ' ' 

. teresting for. us. We also note, t~at using this technique withhisto: 
gramming~ we lose accuracy .bE! cause of a .fluctuation of event number · 

··in the histogram cells'. ILis' well-known>as well that the·calculation. 
method by means of histogramming works unwell on the'intervals of 
rapid change of a function. As will be seen below, the radiation cor-

- ' . ,. I •" 

. recti on ch~nges' rapidly near i ,k;,BX(E k ) .' Thus, even; ifthe~·cal.-

. culation ·would· be necessarytoperfofm dver the whole inte.rv'al c :x 
' ; . .; ' . " . . . . ~. - , : ~ " . 

the calculation method at 'thffi~ed point~ ·. ~ -~·X 
·, ·. . . ' -. _;, ' . ' - -; ; ~ :. ~ .. , ' .. - ,: -- ' 

would possess the 
• ~ ·' ' ' ~ - ~ - ' c - { -

indisputable advantage over the histogramming .. , 
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.• 1· .. 1 ·' .. '. . . 
. ':· ; 

·r 

· .. ; ·. To be able· t 

"necessary to. transfo1 

da; ,00 

dc' =J f(j 
ex -oo 

.xL(e;v)G( 

. where via <1>: (( ~ 

.. 
n..:.J 

<~>;rc;., c;XJ =I JJ
1 

dgi< 
. nk < 

Let us insert the 0 . 
to make .constant the 

<change the integratior 

da 
s 00 

___e_ I i 
dc '· 

= 
ex· -oo 

, max(E. ) 
l. k k 

xf ()· r(;:..ci 
m . . 

·. No.w· let us use the·: o 

we arrived at 

da·s . .oo 

---2..' ·=I f (E ) 
d ., ' '' k ' 

(· . -oo' 
- ex . 

,max 
l k (Ek) 

x · I· ·de ' N ( c~> ~ 
R k 

c'e 



ioinly. chosen with . the': .· .· 
. '· ~ •" : ' ~ .~ .. 

1nd9111_1y cho~en ( t~~ p~th · 

~~dC>m value~' of : ,· 
~hosen; 

e ·target is chosen .with . -.• , 

Jantity' ( r is.obta-. 

near; cf_ . ' and . fl' 
. . . 

and'.· fJx . are chosen; 

:icalculated;. 

. • ; is calculated; .. · 

i:~ed by histogra~tuning 

l~ti~ns must be.perfor.: 
"- ,. . ' . 
.. . . 

:a in a good accuracy the_ 

y afthe fixed points in-· 

:is technique with hi.sto-
tuation of event number , 
Nell that the calculation . 
Nell on the intervals of · 
alow; the_ radiation cor-

I~us, even· it th,e· cal;-· 

"le -whole interv'al c :x 
ex. • would possess the 

. . ~.; 

:_ .. > ;_;To. be. able• to; calculate: da·.s /'d c~' ... ·at c 
· · .. - · p · · ex.· · ex _ 

· :'•necessary to t~ansform exp~· (7):•.1t isclea·r thai:· ' ··· 

;:-- .. -~·. d;s '_ ,oo; :~: ; _; )~;_a'fEk~.l-l~f'" .c'k . ·· ... · ·' 
· -7- ;.f.l(Ek)dEkf dc;y- J d!.f~c{N (c;,e) x. 

de ex_ .. :-oo .. · m , ._max~ .... -:m :· . ·:- · .. . ~ ~ .. 

·, ··. 

xL(e; v) G (fJ ~;':} $~ (c'k• 
L ex p 

·. ::: < . .. i; 

.. 
·.'.::.:·· 

' • _:· ~ c •• 

Let us insert the o ·· funCtion into the. integraf over a; i. , m 
> ___ 1 • 

to make .constant the upper limit' of this integral. At the sarrie time ~e 
<change the integration·order in (12):Then we get . -: · · ' .. ~· ·_. · ·• ·. · 

, :s 00 , . :•~: :_; ;;.~{·fma~ -(~~.'~(Ek) ~- ,::-,,, ::<'< 

da p = J f (Ek) dE.k ~)de. I ,dce.'G_,· r~r.-(·~x).x~ .; . ~ d£.:~--~ _:-oo_:, .·;;\· , , L,max· 0 ... m " · 

-N~w let us use the o ;;_function-in~the integral.,aver dJ ~·; . 'Finall~ 
. . . . 

we arrived at 

' ( 14) 



. To .the expression. (14}. there ·corresponds the fOIIoY"ing· calculation 
procedure: .. . . . . . . .· · ...... · .. · .. · · .. , ·· .. · ... ·. · · . .· . · 
. I) With the density i (E k), an .initiC)I pion .energy is• randomly 

chosen; . . . . . . . , ·. · · . . .. · .· . .. · . ·. . : · 
2) An interaction point within a target. is chosen'( .P ..is looked 

for);' · . · .. •. · .. ·· .· · .· ··.· ·· ·• • .. 
3) · Near. the fixed ~value of c' ·· with Jhe density ·ofGaus- ·: 

ex ·. -. -"' 

sian function the quantity ce is. random!v chosEm; :the chriosin9 

being dcme:in the interval, zn <t: f .<·(~::ax( E'k ) . , 

4) N~ar the quantity •. c p obtained with the density proportio-' 
. ' . -

nal toN (t /,, r) L (Y,y) d~~ the.C1u.antity ·· v is ·cho':' 
. \ 

sen, and from it the quantity c 'k . ' ' ' •., 

xl ·· · is found; ·.· · 

5).Fo~ the obt.ainect c.~ a n1'n'ctom ~tar is generated:,: i.e:, 

values. ofremaining ~sse~tfal ~·ine~ati~alpar~met;rs': g1··•• .:arefound;. 
. - ' . . . . - ' ". . . ' - . . ' . ~ 

6) With the dens.ity ~fGau~sian functions near the.obtainedkine7. 

matical values of 

are chosen; 

i: 1 .· . 
.<:, k 

7) The function ·· 

the random experimental. value~ of 
' • • r ,,-. ' ··'' \ ' • ' 

i 

··• [ 

lated; ··· ·. ·•· .··.··· · · ·•· · .· · · · .·· ·. ··. ..· . ·[ 

As is seen from·· th~ ·a~ove procedu~:.the. simulatio~ of.an _electron . ·1 
'late" does not correspond to the reaL deve I opment .of events m·. . • .· · 

time: At first, errors and loss·ar:e·:tal<eh·into account; and only after>· 

· . 8) For the· events.: satisfy.in~J:.ESC .the. quantity. Pr/.g ·· . is 
'. . . : 

this the interaction isinvolved. However, this ffi,ustnotbe surprising, · 

· -~-~;,;~-Th~~:-irit;;~h~~~;-~f ·. the .. • integration· ~rder;gi~es'·rise t~·that , 
a distribution of loss . \' .. is. described by completefy different func- .. ·. 

tion N ( c ~ , P)L (P., ~) ck~ ~nd :n~tby L.(P.,'i)dc'n as .. in tne' first 
case. ; . · · · · L 
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for.Jhe calculatioli 
rived' from~ the. sta 

·· mations.· · · 

Now, we WOUI 

for the .function·:,¢ 

v~riables enterihg. 
.. , 

has been found.· . 1: 
. ' .... ·, 
.; > ; ... ~ _;; • 

nematic.s contribut1 

pletely define.· M ~ 
·, •, '_ 

. diately in st~aightfc 

with inelastic·· kine1 

·sharply peaked fun2i 
section proceeds f1 
by e I ectron; Direct 

tiona I to. 1 /pk· P.~k 

; initial, final electror 

mg M I~.· posse~ 

and to arrive at the 

les x and y ',' 

.On completing'. 
tic scattering three 
chosen. As. the ren 

vectors q' x q' an 

limits: 



;, chosen t p 'is looked 

1 :th~ density. of.Gaus- · · 

y chosen,< the choosing 

;} ,' 

_the density proportio:-
1 

ty. v ' is ·cho-:-

ma; 

is generated,: Le:; 
' ' 

',. 

1eters et ,' ·'arefound;' 

.near the obtained kine~. 
rie~tal va_ lues of. (1 . 

·.,·ex 

'' ' 

· is talculated; 

j~ntity M ~ ·is calcu"-

·. ' .·. .. 

simulation of.an electron 
)ment,of events in··· ... · ·· 
) account; and;only. a!ter ' 
must not be surpnsmg, 

lrder .gives rise t~ that 
mpletery different func-

~.v)dE'e as in thefir.st 

l 

.·· f~r>Jhe,. calculation.technique .. corresponds .to • the integral· (14) de;_ 
rived' from ·the· .sta,r,ti qg . expression (7) by, means ·• of, identic a I transfor- .. · .. · ' rnations.' ' ·..... ', '·.'. ' ., . ' ' . ' 

Now, we would like to describe briefly, the calculatio':l technique 

for the Auf1Ction ~ s. (€~!:~ ·(.- ') •• Betore';choosing· ~anddm ,values of 
;· ,·• · ·.·P: ,k .. ex. · ... . ·:. . ·'.. .: . . . . 

' variables entering the integrand of <~>; ( ( ~- 'f :xJ 
. . . ' 

the quantity (; · 

,.,. ;; 
has been ;found. If to <1>~; : justthe diagr~ms with .~la'stic ki.: 

:.l,/.'·;5 ,.~'.:~.;! ·''·~·.,·~;·.~ ~1,·.·. 

_nematics .C()ntribute,then thEdwo quantities , E k and 

pletely define .•.•. ·· M ~ and the •function ·· <P ~ ·· is calculated imme- · 
•' •' 

diately in ska:ightfo~~ard ~ay. Otherwise, ifto <ll ~ · · the diargams 
" .. , __ : . 

. with inelastic· kif1ematics contribute, the corresponding are M" ' p 

sharply p~~k~dfunctions. :n1~ ba~ic .conlributio~ to;th~ inelastic cross 
. section proceeds from diagrams '6a and 6b describing the emission 
by electron~ Direct calculations reveal the main contribution propor-. ... ; . ' "' 

tional.t~; 1/pk·p'k · (where.p,p'>.k .are four-momenta of.the 

'initial, final electr(ms and photon, respectively). Thus; the correspond-
. . . '' - . ~ . ~ '·_, 

: ing M:,: • possess a sharp pe~k at small x =-,... 2p·k and y ::-2p 'k, 
' ' · •. , :, ' ••.. < i ' : ' '' ' .. • ' '; ' : '·, ' ·, ' : ' ' '·; ,' ,,,, ,. ' ' 

arid to arrive',at' the' high accuracy it is necessary to go to the variab-

les x and y .r and choose, them. with the density 1/ xy dx dy • 

. . . On. completing such a procedure in the 'matrix element of inelas
tic scattering three out of four essential variables have already been 
chosen. As the. remaining variable there· is taken .the angle b~~een · 
vectors ) .... , 

q .x q. and p' x ·1: which varies within the most simple 

limits: 
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',: For new vari~bl~s: x/Y,. and .¢ ,. the integral oyer phas~-
. space of the hard photons. ; . nk 1. looks'as follows · .. ·' · • .. · 

' · 1 ~·.' X y 2Tr ; ; • . ' S · . 
n~ . .· ·.· · .max-_,max . · . M ·. 

f 'TI. dg
1
k M; =;=-...,.!!- F- dx fdy fd¢ . . . .. ·· .. p . •• 

0: 1=1•: ... .. _.8',.... x . y· . o· :l_(x...::.tet2_ .. ;;..4m2(te+_Y.;.;;x) (15) . 
· .k . . V 1\ min · min V . kl . ' k 

~ . . "' . 

.· The 5 1s given bythe inequali-
ties: 
. if . 

.. ·· 

then'.· 

. '~ ' ~ 

•:·· .. ,x,' . ~ ...• ;·. -. > . ·.x' .. 'e' ·. 2 . .•. •.:; ,. 

-.-. . (t k+2m -z ) ::: .y ,:::-. ·-- (t k+2m + z) , 
:2m2 .. :.' ,,..,. · ··.2m2·:·· .. :· •• :;-: , '· 

... 

'., ~ 

then 

__ x_ ( t ~ + 2m 2 - z) . .. ~ y ~ _ J [. (t ~ + x) (S + m 2 -: p. ,2) 
2m 2. · ·: · · .· · · . ~ ·· .: ,. • . ' 2m 2 · 

. . - ., ' . ' . : '2 •·. 2' 2 . '2 2 ..;.).. +VA .y(S-t 9 -,x.-:m -p.) -.<~m p. • 
. · •' . . . ; .·' ' . ~k " ' . ,; ", ';· . . . 

. Here. x = 21n c;;· . 
' 

X 2 ·= 
1 

. '~: (p._. 2- m: ~·s )+';.,;>: z.. 

· 'S- mL . .'p.2- te +(vA- z) 
' :.·. " " .:· k·. 
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I 

• p. · - is Jhe pion· 
• ~ L ' ·~'; i, 

S =· m2 +fL2+\~ 
,·r· 

•).. =,A (S, m2 >.P.2 

z =' v· t'~(t ck+· 

: In the actual calcula 

; .was car~ied out with 

· G~ussian functions.· . 
event weight. The ca 
slowly varying functi 
calculation results by 
·. 4 .. To check up 
described: in Jhe pn 
ma.de. In particular, 

:• 

TT e }' -events With 

of the Kah~ne's worl 
have been calculated. 
spread and· resolutio1 

o~ _.'· th~ :same 1 Ii k .~ 

energy)> We have .. us1 

. arid !\ ~ c ~ x (0.07 
u ; ••• ·.:.'.' . . : • 

results under the sa1 

an agreement. is achi.E 

·At energies: c~. ''?; 

increasing with c 

matioi1s in deriving U 



integral over phas~ 
lows · · · · : • 

, ." . 
P· 

(15) 

s gi'venby the inequal i-

~ '' . 

t? I • 

l)\ z, 
... ;::._ 

A- z) 

< .. · •._ ·• -;,·. ~ · · · •2. . . 
z =··v t k(t k-+·4~ r· .. :. ·_. 

In the actu.al- calculation the choosing of random values ofv~riables . 

i .·.'v/~as carri~d 'out with the~:d~nsi~y p'r~p6rtional to --~ bf .::! i; x·· 1/y and 

Gaussian functions.· All·. oth~r t'actors in· (14) were accounted as the 
event weight. The calculationhas shown that this weight is now rather 
.slo~ly .· var:ying .function, .• which ensures _the rapid· convergence of the. -
calculation'results by MCM. _._ . · . .. . · . . .. · .. .. __ ·. .. . . = ·· 

•. -·. :4. To· check up the validity of the pr:-pgram rea,lizing.the- ~ethod 
described.• in .Jhe previous section~ numerous ,test calculations were 
ma.de. In particular, ·to; te~t the program ofuge.neration of random 

' ; ey -event~ with d~nsity' ~i)x· y 'we have reprodu~ed th~ result 

of the Ka~~ne's work/4 1::·:;<, ln:th,is workthe radiation 'correCtions 
:have been calculated,without the radiation loss within a target, beam ' 
spread and resolution ofdevices, under the only condition w k..::. t\ 

.. or: the ; same I.e E k;:..( ~ .• .:: E~i· <l\: (Here .if ~ is the final'.· pion 

'-- energy)~; We have used the formulae-.of work /.41 for. Ek ~ ~0(1eV. 

and._·· A ~ c ~ · x (0.0?, 0.04, .Q.OI) ;and ~ompared w_ith our cal~lJlation 

results ~~d~~··the 'same conditions. ~At·. enetgies ; ~ :.< .. ; 2:l GeV · : 
• • ' ; ' ' • '' • ' - - • ' '· • " • : ' • • • - < '. •, • - ~ \ • • \_ ·' ' - • '· • • ~ ' 

an agreement.is achieved within~ relative accuracy better. than 0.5%. 

·At .energie~; ,.· f,.~ '?•. 2_2 ;GeV. th~re begins.J~ display a discr~pancy 

increasing with ~-: .; . _That' K~h~ne 1 4 I has· used the· approxi- · 

mations in deriving the formulae accounts for this discrepancy. Thus, 
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. e.g. there have been neglected terms of' the type i\ . rn 2
• E k ./ 

. (4m~ikE; - t ~ 11-2) very growing as c_~ :r:kma~ (E k) . Because 

of this the Kahane"s• formulae, at ;energie; .equal, fo!" instance, to 

. i ~ = 32 GeV, cannot pretendto an accu~a~y of r~diative correction 
' ', c' • ' ·- c - - ••• • ••• - ,: • ' 

calculations 'better than 1% of the elasticscattering; and ar . i ~ . ;:: 
; ~ ·, .- ... ~· .. . 

. 34 GeV 

22 GeV 

t~ey give rise to. absolutely noricorrect result, _lrlthe region . 
~ ' ': ": \ .. ' .. ·~-- .' ·--.:--' 

< E ~ .< 32 GeV agree merit ~olds at the values ,l . ~-.· 0.~ GeV 
,<.• ,. 

dhly, ·u·nacceptable iri the experimental treating;_ . .. . : · . 
·.· . 5~ The·'method·described was realized in two programswHtten 
. in FORTRAN,. the so-called programs of~' elastic~- ;and -~inelastic" 
•·ldnematics. The· calculation results· are listed in Tables Pand 2. In the 
·:first Table:the results'of··calculations•for·elastic· kinematics'arepre

.. sented~ ·As is' seen from· the upper 'part 'of Table,' of the•calculation 
results without any cuts, an account of the radiation loss and beam 

(;.. : ' _ .. ~ . . " . ';. ~ /".-~ 

spread influences rather strongly da s 1 d·t.e 
. .. .:·; ·: ; .,. : : ., '> · : . . , p . . ex 

as compar,~d to 

aJ B' I. dt e ' ; computed analytically. Except for the point : t :~, 
. p ... ,.k-~- :;·:· . . . 

36 GeV, close to highest possible kinematical energy, the abov~ dif~ 
··'ferenc·e for .. all points is caused mainly by the radiation loss; but at 

·:fhe point • (-~~ ·,;. . 36 GeV both the factors are ~ssenti~l. The expe-

. rimehtal cuts '6harige the. result weakly 'enough;: for these have been 
chosen to be fairly soft - their values equal four standard deviations· 
in the measurement of· an appropriate quantity'~ . .. ' •' ' 

'AhalogOLis 'coriblusions hrild for; the· terms: daha~d ! dt e. 
· · · . · 1 ,2· ex 

with th~ on I{ difference that dt:le> to inela'stic kinematics: the other 
part of events does not satisfy ESC (see Table 2). 

• • . : ~' ' ' : . • • . • ., ; • ,' . - •· ? • , , 
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From Table 2 i 
depends rather weak 
photons contribute rn• 
kinematics of inelas1 
process, and ESC. in 
and inelastic kinemat 
energy 1 since. the ' le 
phase space arid th~ 

· To investigate a 
there has been madE 
involving radiation'· I 

The .. summary E 
radiative correction 
section. Thus, an ace 

'·the.· terms , - a J I 'a 
stressed earlier). 
· · ·····An important fe 

· diative correction (6) 
r" ~ r'. ': ' ·. "< : ~ {· 

on· the value of·< f;; 
within this accuracy' 

-a J in 'the same.v. 

···.riot :depend on .'(, r'2.'' ;:_, 
17 •. / 

... 

contribution of diagrar 
.. and also thafthe dif 

the inela~tic l<i~em'~ 
of soft photons. This p 
determination of < 

,--:, 

''de red enefgy ,·E .. : • I 
. accurately in the poir 

a comparison with e' 
simple formula: 



e ··!\. fll2• Er, / 

['!ax ( E ) 
'' ' ' k 

. Because 

'·equal, . for instance, to 

(·of· radiative cor recti on 

:ering; andaf . f ~ > 

~cfresult. lnlhe region 

1e values ,l ~- 0.04 GeV 
' ,,· ' -. 

n two programs written 
1stic" and " inelastic·· 
in Tables I and.2. 'tn the 
;tic kinematics ·are pre
Table, of the calculation 
radiation loss and beam 

e 
ex: 

as compar~d to 

pt for· the. point 

·nergy, the above dif.:. 
:he ·radiation loss; but at 

:·essential.· The expe- ' 

:gh, for these have been 
four standard deviations 

IS aahatd I dt e. 
· 1,2 · ex 

:I C. kinematics the othe~ . 
2). 

i 
I 

' ! 

I 
l 

I 

,I ' 

From Table 2 it is seenhowever that the radiative correction 
depends rather, weakly' on ESC .. This is due to thefact-that the soft 
photons contribute mainly to the. bremsstrahlung, and effectively the 
kinematics of inelastic 'process differs slightly from, that of elastic 
process, and .ESC.· influence. almost sirrii lady the terms with ~Jastic 
and inelastic kinematics .. An effect of ESC increases with decreasing 

'energy, since the: less is ,the. electron 'energy,' the larger the photon 
phase space and the stronger :difference fro"" the elastic kinematics . 

. ·. To investigate an influerlce ofthe 'involved experimental factors, 
there has been made the calculation ofthe radiative correction not 

'involving radiation loss;:' beam spr;ead and measurement errors~ 
The surnmary effect of at I these factors proves-to change the 

radiative correction by a' value equal almost ·to 2 % of elastic cross 
·section: Thus, • an· account of· all. the factorsseems to be_ necessary in 
the terms :...a 3 ·, . as well. (This· statement- for terms ;... a 2 was 
stressed earlier): ' ··:~' . ' ··.. ·. '• ·' • ·' ' ,_: ' ' 

· ·'An irnportarit feature of.'the obtained results also.· is that the ra
. diative correction '(6) within the 'calculation accuracy doesnot·depend 

')t:. " ,: "• .. . ·-~·:~ :· "i' .. ) .·: ';< ':; :··./·.<:: ,.' >-.··· ·,:·, ·,'~. ':·' .. ·: . if~ ,: : 

o~ the value or <·rg '-. whi~h ~~ took equal 'toO arid0.7-l . Thus, .. 
' ' '•' ~ . : .. ·. . . ·,· ·.·: ~ . . ; ., . ·_,. . .: : . . . ' - ' 

within thi.s ac·c-uracy 'the .p.ion form· faCtor i~·factorized from terms 
~a J in the same way ·as from terms .., a 2 , and the.ir ratio does 

-·· : . ·< .· _.:':: :_:- . :, •.. __ r'.:<;- .... · ::· -: ;··.:; ·:· . :~ ·.·'. l' 

,\ -.·: 

contribution of diagrams calculated in the point approximati-on is small, 
'-ana also 'that the difference of t Tr' fro'rn . t e ~is nonessential for . 
. the in~·lastic 'kinemati~s 'because of the overwhelming 'contribution. 

of soft photons. This property isveryfavourablefor a model independent 
.determination of .:_ / 2 ·> ',. and in fact: it mean·s that for the consi-

... ~ ,, << > ""' ,, ,' ·:,_. "~ '. •• !~; 

·:'de red ener:g{ ·· E, . the: r'adi'ati on correction 'can be calculated rather 
accur:ately in the point approximation. Summarizing ·one can say that 
a comparison with experiment· is possible by means~ of the· following 
simpleformula: · · · · ·· · · · 
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. ". " ~ -• 
,> , '•":•"' L 

,,where. ria ~r)dt.e ·• 
, .-- ... . . ·, .. . '-~: .. ex1 

, COflt~ins;(.fhe p'io~; forrr}' f_actor 'and:,depends on · 
· •. :~ . .. :.1: . ~ ... ~, -~.·~· ..... •' . 

• < f~·. '> :I ,and; 0 does n()t depe,ndon 
~ . ' 

;':> 

, . , The test',~alculation .'a't. · E ·:.: i()o GeV ~.~s.'.a!ready ·r-~vealecf a 

.. weak .depehdef1ce··~f the. ~aqiation··~or~~ction o~ . <·.·;~. ;,· ·., ~owever, _, 

our meth~d r~~ains 'v~lid,:~~~~ )n :.t~is ·region·,. ~ith'o~fy.diff~rence 
that in comparing with experiment one should use notJhe;~i,mple for
mula; (16). but.more;.compljcated repr;esentation ,analogous.with (5). 

, ,Now let us discuss ,the ;accuracy vv~iC?h we tiketo ,gefin,calcu
lating the radiative correction. As it was s~id in Sect. 2, an error due. 

,to the account.: of .diagr~ms 3 ~and _4 •. in the·pointa~pro?<i.lllJ~ti()n; is,of 

. ·order .. t.~ f. m:)··~ o.o6.; ·"Sin_ce.;th~se;diagram~·r:nake:a ~o!ltributi?n 
;·· .. ·: ,,- ... : . -~ ":':,d.·;'. ;.. / :~:· "·.~ . . :·· :. ~ ·:.,_; . ( ~ ;"... < ; ' ' ~ ' .!, • ; >': 

. -I% of the elastic scattering, • such an approximation brings to the 
cross section· an absolute inaccuracy less than 0.06%. Other error is, 

because of neglecting the term,s .·:-".!l.~: ;W~i~h ar~ known,tobe roug~
·. ly estimated by means of theexponent1al representation. In such'a case, 

the absolute ina~curacy in the calcu_lation o,f . o: ·is equal roughly 
. - ' l < •. ~ • 

·.io 82) 2 .··: •, s'i~c:e, . 0 . do~~ not' exc~ed _0.13, 'the ~cmcl,~sion, is pos
sible thatJhe absolute inaccur:acy of this approximation is not .worse 

: <! ~\ ··,- ~· " ~ .. • ~-' : •• ~ ~--"~<1 ·~;.:,;,' ,>,· :· '•'•; ' :;·1 

i.than 0.8% at the point ( :x = J6 .. Gev, .is muchl.ess than 0;8% at. 
.otherpointsandisthemainerrorofcalculations;·; : ,, ·< .: ·. 

There exists, of course, also an error due to inaccurate account 
of the experimental..situatipn~ Howeyer,,this: can be. estirnated .. bY the 
Monte-Carlo, rnethod.;only<ln the; pr~sent \;Jork ~uch estimC!ti~on~,h~we 

~ not been p~rformed~,. ~;. , , , · , , . _ 
~ ,· ' 
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f~ctol'" and dep~nds _on 

~ ·. r.-~-· ·;> 
1 
ho~ever, I 

~~.'with only diff~ren~ce 
use notthe simpleJor
on analogous with (5); 
"'e l_ike to get in calcu
ri Sect. 2, an error due. 
nfapproximation; is.of 
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l 0.06%~ Other error is 
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,ntation. In such·a case, 
'o is equal roughly 
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~ 1 ' ' : ' . ' . ' '; ;..:~' 
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_ · ·In Tables the calculation statistic~ I er:ror is given. To get such 
an accuracy, 1.5 h. of computing time at)he computer BESM-6 has 
been~ required. Th~' statistical error, of course, can be cut dowri. 

In conclusion we would. like to present a few remarks on a pos::
sible application of our calculation procedure to the region E ;,. 
100-300 GeV. In the. part concerning an account of the. experimental 
situation, selection criteria. and generation of random stars, there do 
not evidently happen any principal difficulties, except for the extreme 
ultrarelativism which·may require fi;Ca~culation with-double_ precision.· 
However,- it i~ no longer. possible to use the:expansionof the pion 
form factor in theTaylor series, because the second terni ofexpansi
on. becomes 'of the same order; :as _the first one,_ and some' different pa
rametrization for the form factor is necessary. The account 'of tWo
photon exchange diagrams and_ meson vertex renormalization. in the 
point approximation becomes_ unsatisfactory, as well, since the terms 

1 m 2 
I p which: are_ small at' E.. {· ; 50 GeV, now become - I. 

Fortunately, the contribution of these diagrams (denot~ it a~ a v ), 
computed in the_ point approximation, remains small.also at energies. 
100..:300 GeV: Therefore the following calculation method seems to us 
to be reasonable. Everywhere the _pion form factor is factorized, its 
some new parametrization is put.. For example, a deviation from the 

p -dominance model is investigated in the form · 

1 
~---(a+ht+ ... ) 

. 1 +-___L 
m2 p 

F(t) 
(17) 

or in some other,' and the contribution aP _as being small is cal cu-. 
lated in a simple model, e.g. in the - p -dominance one. Thus,. itis 
sufficient to introduce into our programs· an expression of'the type 
(17) everywher~ the pion form factor isfactorized, and to replace ex-

pressions for a P _ byformulae calculated in some model. These 
formulae will be presented elsewhere. . . 

The authors express their deep gratitude to Drs.D.J.Drickey,.V.Ga
evsky, B. Nichiporuk, E.V .. Tsyganov,P .F.Shepard and _other partici
pants of Serpukhov experiment on the. · 1re -scattering, for numerous 
and useful discussions. 
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Table 1 

·:, KONTE•CARLn CALci'LATIOII nr" UOIATIV£ CORRECT InNS T~ rt•E SCATTERING · tSERPU~HOV ACCELEUTOA.;711 
• ' ~ ' c' ..,, : ,. ; • 

H!CTRoN 
EII!RG\IcGFVr 

1e.o 
z?,o 
3o,o 
33.0 
36, 0 

'11, 0 
~ '2 7. 0 
lo.o 
3l.o 
36,o 

1a. 0 
21. o· 
3o.a 
:n, o 
)6,0 

'' 
- ... :, 

APERA"E INITIAL r~£pGV~Of·PIOHSo ,O,oo~fV:o •• 
ACCURACY Ill~ ANGULAR HEASIJRF.VfNT~ OTa e,~O~RAD· 
ltCURACY HI. ~OHUJTIIH •EASURFHE.'Jf .. 0PE_rT•CP••2)/ 1,62' ·• ,:· ~· ·~ 

F.IIER~U ~ALA.CF. CUT ,O,OOGEV 
-.. PERPEttOICULAR' HO~FNTUH CUT: ''o;o•oo,·rv 
;c~PLArAR!TY cUTa 1o,on-oo1· 

,, .;· 

rRHsHR ..•. · e L· a; s r 
pOHFN"UHcrEV 1 A~ALVTIC 

iJ~,6 
16fo1 
17' .1 
18lo6 
191.8 

· T,f.R_",!' S 
,- ' ~ 

3~A11:ooo 
~.~9,-001 
4, 74,.001 
2,023-001 
1,044-001 

e.c:lt:ns:s s 
EX PER h·,EilT AL 

N u N· 
' ·~ .. 

~' 

~ ... 
N-.D 1 (P;( N 

;-~ '•690~000 
8,146·001 
4, 4:)11.001, 
1,888.001 
1,966·002 

I 

E·C.T·l 0 N 
HONTF.•CARLO 

• l' FRROA 
s 

N 

••4,932-ool 
1 -124•003 

· 6.2o1-oo4'. 
·,,,~3-004 

lo6?7•004
1 

' <" .~ :; 
'" 

···.'·· 
., il 

.... -·:;:.;':,. 
ALPHA•OAOfR ELASTIC-AND SOfT!PHOTO~S, 

! , CRQSS•SECTioN l !~ 

ANALuTIC EXPEAIHEIIT&l HONTE•CAqlO 
, ~RROR 

1,£ • 34 C M •• 2 ~ H E V •• 2 I 

A·D I"U·S~-. 
~ ' :'. ; 

' .. •1. 96n•ono 
•4,384•001 

'-2,3,•001 
-9,796•002 
•4,876-003 

r·} 

,;.,:]. 

,; ;; 
·'·1,11?o•ooo 
•4,109•001 
-2.2ol·C01 
-9,160-002 
•9,272•003 

:,' 7, 

'2,499•00) 
'· 765·004 
3,149•004 
1,682·004 
7,722-on' 

T F. R H S P R 0 P 0 R T 1 r II lcL-iT 0 tRPJ••21/fER~I••2 

;~ :13:1,6 
166.1 
1 7' .1 

r.18l,6 
,,191.& 
L~· 

1),,6 
166,1 
11'·1 
111~.6 
191,! 

:· .,~242.001 
•2,10l-001 
-1,2H.001 
-:-5,9111-002" 
~3,3611-00' 

T E R M S 

1,,10-001 
7,6H!.oo3. 
5,142-00J 
~.6,2.00::'1: 
1,6)0•004 

';'6,013~001 
•1,9e1-001 
"1,19'·001 
.,,,9o-oo2 
•6;33,•00:), 

6.7z6-oo4 
2,5211·004 
1;,~4-004 
9·13,.;00' 
,,237•00' 

P R 0 P 0 R T I' n N 4 L • n 

1,474-0C:' 1,Z4A•OO' 
7,211-00)' ··412-006 
4. 83'5•003 6·117•006 
2,483-oo3 4o211t-oo6 
3,062·004 ,2. '2'·006 

3,11?"001 
'1. 046~001 ,; ' 
6,24?•002 
2,116o·on2 
1·"5·0n3 

''3,00,-001 
·.:9,11,7•002' 

,,8,II·002 
2,679•002 
2,9,·003 

'·'66•oo4 
'~1 283·004 
8:oo1-oo' 
4,831-oo' 
2,4H•OO' 

1'13•/AP1••1.1••2+/RPI••411/~£RHI••z 

":'7, Ho•OOJ :07,164•003 6:277-006 
·3·, H'•On::'l -3.,97•00) 4;287-006 
-2 .51!1•Do3 •2.370•003 3,079·006 
·1·268•003 •1,19o·o03 2,108•006 
-?,524•0n' -1,428•004 1,187•006 

-----'-----'--'------=·---J 
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