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1, Int~tion 

Recently the investigation of the high energy 

hadron collisions has became a rather independent 

branoh of strong interaction physics. A large amount 

of experimental data has been obtained in cosmic rays 

and by aooelerators. This raises a very timely problem 

of their classification aDd theoretical explanation. 

Theoretical investigations in these lines may be 

divided conventionally into two,olassea: l) Consequen~ 

oes of the general statements of quantum field theory 

~see,e.g. ,review papers [l] and references cited therein), 

2) Search for models for the description of high energy 

processes (see ,e.g.,papers [2-a] and referenooa cited 

therein). 

In the present paper we concentrate our attention 

on' the description of 71# .;.scattering processes 

within the framework of tbe quasipotcntial approach. 

Quasipotential approach in quantum field theory auggeated 

by Logunov and Tavkhelidze [9] has recently been 

successfully developed along a number of lines [lo-15] • 

In particular,it turned,out to be very convenient in the 

study of elastic am quasielastic processes at high 

ener~. One of the important points of this approach is 
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the problem of smoothness af the loca1 quasipotential. 

The idea of smothness has been put forward in paper .. 

[16] and f'ilrther discussed 1D. detail in Refs. 

[6, 17, 18 J • 
Allalysis of the experimental· data at high energies 

has been performed from Tarious points of Tiew but 

the authors confined themselTes to the descript~on 

of a restrictednuaber of phencme~ (description of 

the data at a given energy, description of soae 

characteristics of the prooess,etc.). The _moat comP­

lete analysis of the data on the basis of Regge 

phenomenology has been done in Refs. [i9, 2o] 

Below an analysis of the experimental data on 77/V'­

scattering which became aTailable by the end of 1971 

is performed on the basis of the quasipotential 

approach. 

A rather complete reTiew of high energy aodela 

oan be found 1:n Ref. [21] • Experimental data on 

7i Ill -scattering at high energies· haTe been discussed 

in detail in Ref. [22] 

~~U,gn of th• guasipotptia1 eauat:Lon for the 
. 4.,1 

two-particle 8lstea with spins . 0 am 2-
~....2~2.!,_of the looal guasipotenll!l• 

The quasipotential equation for the waye function 

of two interacting particle a with spina 0 aDd 7i 

4 

• 

.. · 
· :l..s of the form [2J, 24] 

~ oo+ (i+ wCP)Iw(rJ)Crr-N~l/'(r)= ~trJ rv{E;f,f')< 

Here E is the total energy of the two-par 

w(f)= ~~\ r'- I' ·w(f)= IN~ f2 J S: E .. =(JJ''"+ t I 

~ . -p -is the relatiTe momentum in the c.m. f: 

f am M are the masses of the ·soala 

the spinor particles respectiTely, (Yo,;; 
the Dirac matrices, V(E; P' ~) is the quasip 

It is oonTenient to solye Eq. (2.1) in .the 

Wouthuysen representation in the configuration 

In the case of the lo.oal quasipotential this eq: 

looks as follows: 

~Yo-w(- ;TJ)-w{-ivg'f(r)= ~~iv) V(ej r)tf{t) 

The Fourier transform of the quasipotential is • 

matrix: 

V( Ei ?)= (
Yu .. , V1l) .. 
V u 1 V,_l . · 

Where v .. j are 2x2 matrices. 
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the end of 1971 

sipotential 

energy- aodels 

•ental data on · 

·have been discussed 

ll&tion for 1a! 
·:t!tl 

---=a=DA~_.~;4~---· 

!!· 

the wave function 

Lns0&11d~ 

is of the form [2J, 24] 

Here E is the total energy- of the two-particle system, 

w(r)= ~~\ .,,_ ·, w(rJ= ~11~ ·r, s::: E"' = (JJI\ p2' +VNt+ r .. 'J~ 
~ p -is the relative momentum in the c.m. frame, 

f and M are the masses of the ·scalar and 

the spincr particles respectively, (r., r) are 

the Dirac matrices, V(Ei F' ~) is the quasipotential. 

It is convenient tosolye Eq.(2.l) in the Foldy­

Wouthuysen representation in the configuration space • 
' In the case of the local quasipctential this equation 

looks as follows: 

The Fourier transform of the quasipotential is 4x4 

matrix: 

(2.2) 

(2.J) 

Where are 2x2 matrices. 

5 



It was shcnrn :1n Ref. [25] that in the -=inematical 

region ) o/s j <:< 1 , which we consider, VL!. 

term of the quasipotential contributes mainly. We 

represent it in the form (:in what follows we omit the 

indices of , Yu and this will not cause any mis­

understanding) 

V( !) v (+)(' -1) ·1 (-}(, . -t) (~ ... ) . c:jr-1= l.._c;r-1+ 2 ,.r V t£;r- ()L, c2.1) 
-4 [ .. -n .· L=-; rXV.J 

V (+) ·v (-) 
and are assumed to be smooth functions 

of r2. increasing as r when r ~oa 
(This leads to· the total cross section to be constant.) 

The scattering amplitude obtained from Eq. (2.1) 

with the quasipotential (2.4) may be written in the 

form 

T(p,<)~ J\~, ~:m[T. (f,i!)+ ~ T,{y,i!)~ 

+· .. ] x4L M (p) t 
7•1 e-

where 

...,- T (+) c-> 
I I( = I< + ; tS"d TIC 

The amplitudes 
T(+) 

and 
T,_, 

describe 

(2.5) 

(2.6) 

tbe spin nonflip and spin-flip processes respeotiTely. 

T (+J C-J 
Here we WB:Ue down the e~pressions for 0 and T. 
oD.ly. 
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ll 
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j 

I 
I! 

I 
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~ 
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I 

\ 

. ~ . ~w . . 
-r(+)( -o:a.\ s J I I~ )[ .A. . C-J ] lo C.; l:s /.,._;, !af o(j'h.L e. CAJl i' - i 

0 

~ Y'C•J 

T (-Jr .. :z, r rJ. I r. ) .1\ (-> 
0 l_E; A J:: f ) ~ f J. tfAJ. e 11 it1 'f 

0 

~ 7. (_, ...... 'l.. .L 
11= p-r.,=-t:;.. 

T (+) T C-J 
!rhe expressions for t J 1 may be f, 

.in Ref. [24] • 
· (+)/, C7t. · 

!rhe functions X tfi f) and :f tEjr} are col 

with the quasipotential by the following relatiol 
at 

xc+tEjrJ~--/t- 5 v(+){e.;P)b:, 
p-OD 

oo· "'c-Jr. _) i " r · f)f ... JJ · . 
./l (EH;=--2'· f- J V tE'i r ~i-_-'P . . -ro . 

Experimentally observable quantities,total cross 

differential cross section, polarization and pola 

rotation parameter can be expressed 1n teras.of 

am T0 

4n '1 -rC+)r _.:a. 1 
~M= p ..111'1 r ~£;!:..,OJ 

cJ%1tt =(;jp2)QT'~)t + JT'-)Jj 
P=··~jm(T(4-)T(-'*)j(JT( .. l] 1 t-ITC-J/~. 
R= (IT<..,J'L_ IT<->]"~) CAse- :tie (TC•Jrc-J*)sin9 

I TC+J}"L +- 1Tc-J}2. 

( 

( 

( 

( 

(} is the scattering angle 1n the c.m. !rame 
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the ~ine111at1cal · 

er, 'Vu 
nl,-. We 

we omit the 

an,- mis-

1oth functions 

r-.}o0 • 
be constant.) 

1 Eq. (2.1) 

;en in the 

describe 

respectiTel,-. 

(2.5) 

(2.6) 

rC+J Tc-J 
10 and • 

0 

~2. ('"'i -''1'1.. .L Jc p-a:,=•t;. • 
(+) T C-J 

~he expressions for lri 
1 1 

in Ref. [24] 

(2.7a) 

(2.7b) 

ma,- be found 

The functions x'·Yei f) and 1'(7(ejf} are connected 

with the quasipotential b,- the following relations: 
' at . 

xc•tEif)~~:--/t- 5 yC+J(s.;P),Ji:' 
p -be' (2.8a) 

(2.8b) 

Experiaentall,- observable quantities,total cross section, 

differential crcaa section, polarization and polarization 
. TC+) . 

rotation parameter can be expressed in teras.of 

T C-J 
am 

~M = 4~ J"' I(+J(£j !:~o) 

rJ%1t, =(•fpz)DT '~)r + IT'-) Jj 
(2.9a) 

(2.9b) 

(2.9c) P= ·c2jm (1(4-J1(->'II)j(ITC+)I 1 + IT'-'1~ 

R
- (IT'~'J-1_ ITc-'l"~)~se~ ,2ie (T<•Jrr·J*)s;"9 (2.9d) 
- . I T c., I,. + IT(-) J2. 

e is the scattering angle in the c.m. frame. 
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In order to connect our considerations with the 

physical processes 1n the 7i N-s;rstem, we 

shal~ stud;r the isotopic structure of the quasipotential. 

Let us consider the quasipotentials (and hence 

ampl.itudes ,etc.) with definite isospin :1;n . s or t-
channel. Notice that the quasipotentials and all the 

functions connected with it w~ be labelled b;r an 

additional index I a O, d. (the total isotopic spin 

1n t -channel), or I= :f.A, 3;i (the total 

isotopic spin 1n S -channel) e. g.: 

v (i) ~ y (:r, j;!. 

Thus in the isotopic space in the case of f.­
channel consideration, we haTe: 

y(+) = y(o,+J pCoJ + VCL,t-~ p(4J, 

v(-) = v (o,-) p{o) + v(L,-) pW 

(2.lo) 

(2.11a) 

(2.llb) 

Where P
(o) 

and 
p(~) 

are the projection 

operators onto the states with 4ef1Aite isospin. 

Keeping 1n Eq.(2.7) onl;r the teras corresponding 

to single ·exchange with I= 1. we obtain the following 

8 

\ 

I 

I 

expressions for the scattering amplitude. with , 

isospin in · t -channel: 

C>o .. X (o,+) 

T (o,-+) s d J. ( )[ (O-J J .· =-jf f f offl.t e. ~~X' '-1. 
0 l • .J 

T
(or) oo . f~ ) :xco,+) . . (o,-J 

=r5fJfJJ.\fll.Le. ~inX' ' 
0 

(J. +) oo . ;( (o1+) 

T , . =-if )f"f Jo (f llJ.) ~ . . [X' CJ.,+Jws X' {o,->_ 
0 · y>(J.1-) • ·...p(o,-Jl 

. - J' S1h~ _j , 

(4 .I co )('(o,+) . T ,-.,= r ~fdf ~ {ft.J.) e [X (L,-)sinX(o,-)+ 

·where 

o ...r (L,-J "\1\ (o 
+ J1 CoS ..1\ ' 

00 

)((o,+)(Ei f)= ;7 s·y.(o,~) (Ej r')d~ ' 
. f-~ ... 

X'(or)(ej ~)= :..~ . .1. fvror>(cj r)d:r ' 
f 2rp :J.-:oa. 

t.(t,+J(E;f)= -~ SV(!,+J(EjP)J~ , 
2, r-oO . 

00 

--rCi,-)(c· )=..=:1:.. _I (y(L,-)ff.· ... "l.Ji: 
Jl J f . 2.•'f ?. ) l' ) 'r j 

-r:>O 

We aa;r define the scattering splitude w1 th d' 

isospin in S -channel too: 

9 



Ltioxi.s with the 

:em, we 

the qua.sipotentia.l. 

LDd .hence 

Lin · s .· or f.-

U.s and all the 
-

Lbelled b7 a.n 

1tal isotopic spin 

~ (the total 

(2.1o) 

of f.-

(4) p , 
(2.11a.) 

l{j) (2.llb) 

L& projeotien 

:e isospin. 

1 oorr .. pond1Dg 

:a.in the following 

expressions for the sc~ttering amplitude. with definite 

isospin in t -channel: 

·c:o )(' ( o,+} 

T(o,-f)=- ip Srdf Jo(f4L)[ e. UH X'(o,-J_i] 
0 ' J (2.12a.) 

T
(o-) 00 . (_ ) xco,+) (o -) 

. J : r s fJf JJ.lj'fl.L e. ~jtl 1: I ' (2.12b) 
0 

(o,+) oo 
X (Ei r)= ;7 Sv.(o,+J (Ei P)di: , 

·. f - 0" (2.lja.) 

X (o,-)( Ej ~)= 4 .1. fy(o,-ycj r)di ' 
I 2,f :1. -l. (2.1Jb) 

Oo 

f.(i,+)(E;r)= -~ SV(J..,+)(Ej;:!)di:' (2.1Jc) 
2·r-oo . 

00 

1\(i,-J ( Cj r)=: ;7o -f r V (t,-J ( c i r) di: • (2.1Jd) 
, -vO 

We 118.7 define the scattering anplitude w1 th definite 

isospin in S -oha.nnel too: 
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T 
(:r +) 00 . . [ )( C:t,+) ' . . . 

1 
=- ip s S' df Jo(f 6.1) e .· CoS X'(:r~-J _ J 

1 
(2.14a) 

0 . . 

T·c-x,-J = P s~rlfJ~(r6Jex-c:r~+:-;.,_xc:r,-=> .· (2.14b) 

0 

Here J = !/2. or % 
The phases ~ are connected with quasipotentials 

as fellows: 
00 

X ex,+) ( cj f)= ;,~ $ Y ex,+) ( ej r) d2-
P -oa 

"" 
X ('I,-) ( Cj ~) = :fi, f r v ('I,-)( £j r)d:r- • 

-.,t> 

The amplitudes 
T ex, :tJ 

are related to the 

amplitudes of the ph7sical "processes ina.normal way. 

(2.l5a) 

(2.15b) 

Let us choose the quasipotentia!s as smooth functions 

of r2.. • For the case with the definite isospin 

in t · -channel: 

V ( o,+J = :z,· f ~ ~~~+J [ a.C:·+'J 7{ e- rX Q.c2 .. J + 
+ [ :}( o,+) + q (o,+) 't l - r~ a ~o,+) J 

o1 o 0 o,2. r :J e. 
V(~-J _ ~.· [n(o,-Jr~·[Q(o1-J co,-J 1 -r'"~a..c~,-J - 1' VIi j (] T Q (''1 e jlj ~ 

~0 0~2. + 
+ [ B (o,-J + ~ (o,-) 'll - rY~t,l;,-) 

o,o (} o,2. f":J e ' 

(2.16&) 

(2.16b) 

v(!,•J_ 
[

Q (L,+) + (L1-+) 11 - r~a.:A..,-+J 
<1 o1 o :} 011 r] e. ' (2.16c) 

y(L,-) = 
[ 

q_ CL,-J + q CJ.,-J r'lJ -r~a~l.-J 
a o,o o o,:z. e (2.16d) 

10 
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In the case of the S ..:channel considerai 

we choose the quasipotentials in the form: 

V 
(:t,+) -,; r 'tt, . r2J 

= 2,·f q a 12· e_- 14aL Dacx,+) 3c:r,+) ~e- I~ 
· rt• o J.. + d ... + r _., -,o o 2. 

• • • - •• < I 

V. (:;-> [a (:r,-; · (:r;-J -~ - r'"4 a. (:r,-J · +) · 
= a o + q · r't e_ /'t o • ,o 0 o

1
2. 

It is easy to see that the olassifioation of 1 

indices is the following: 
(.r -±J 

the first index ·a:f the q' 

~ . ~ . Clenotes the 
0 l'J 

-th~ r 
r degree and the 

iladex of the 

degree in the correspoDdiJ?-8 t_erms. Tl 
(:r :t) a. I paramtereS denoteS the 

r degree in the corresponding term. 

(%,:t) (:r-, :±) 
The parameters l? i and 8 c)) are in J 

complex energy depend•nt quantities. This will be 

discussed in detail in the next section. 

+) ' v (*-,+) 
~he main terms of the quasipotential~ 

V (~ ~ . 
1 · are chosen to be equal so as not 

Tiolate the known asJaptotiO tneorem: 

TCXJ- T (~':) 

T(yl) + T ~,.M 
~a 

II 

when r~ 



..,(:rr) _ J , (2.14a) 

.y, (:r-) •· (2.14b) . 
/\ I f 

L quaa1potentials 

(2.15a) 

~)di- • (2.15b) 

;ed to the 

,normal way. 

smooth functions 

lite iaoapin 

•J 

+ (2.16a) 
(Oj~) 
0 ' · r# Co,·J ' . a..J.. . + 
(o,-J 

2,;0 (2.16b) ' 
,+) 

' (2.16c) 

·) 
(2.16d) 

. In the case of the S -channel consideration, 

It 1s eas7 to see that the olass1f1oation of the lower 

indices is the following: the first index of the quantities 

a ~.r~·:l) aenotes the p d.egree and the second 
u .. ~,J r "ln... degree in the oorrespondi~ t.erms. The lower 

iJadex of the a ~:t,:t) para.mteres denotes the 
l 

r degree in the corresponding tera. 

Tho parameters a(x,t) § (:r:,±) 
i and • ) are in general 

() 

complex energy dependant quantities. This will be 

discussed in detail in the next section. 

) -- · yCo/2,+) 
+ The main terms of the quas1potent1als and 

Y (~~,t) are chosen to be equal so as not to 

Tiolate the known as7JDptot1o tneorem: 

Tc~J- T c~J 

TC%) + T 0/1) 

II 

when r ~ C>" • 



~2!E!t1son with Experiment 

The above considerations have been appl.ied to the 

description of. experimental data on 71.1li -scatteriDg. 

The parameters entering the definition of the quasi­

potential have be~n found by the minimisation of the 

)(2. functional ll&k:ing use of a standard ·pro-.raa, 

which has been suggested in the JIRR for the so1ution 

of the prob1ems of suoh a kind. 

The functional X'2. is written in the follo'd8g 

form: 

;(7-= z; 
x, l 

[ 
t:" Jc: J'2. F, - M" Fi (x,) 

' (6~y-
(3.1) 

where F~: 
L is the quantity which has been aeasured 

at the i. -th point of the K -th experiment, 

F;" (x.,) the value of the quantit 7 F ~ 
calculated by means of the paraaetera Xn , which 

· we are searching for, 

of the quntity f; 
cr" • 

' 

experimental error 

M 1< the nora of the 

K ~th experiment. ~he paraaeter 1'1 K al1ows 

one to take into. account syateaatio error of the 

K- th experiaeDt+). 

+]All the experimental data, except for differential 

cross sections, enter our calculations with unit nera. 

'I 
I 

\ 

J ., 

.I 
Jl ., 
J 

\ 

The re1a~ion between the quantities F."'c . ; 
and the scattering amplitude is given by formu: 

I 
(2.9). T s are here the ampUtudes of 

physica1 processes in 1T clll -system. The 8l 

possesSing a definite isospin in the s o: 

channd are connected with them by means of'\~, 
formul.as 

l(11tf~11-tp).'= TcoJ_ i Tw = T<l/z) 

T(,-r~11-r) = Tro~ i T(!J=fT'~~~ 
' . . '-- -

T(n-p..:J71°n)= ~ T(J.)= fi' ( T(~J_ T(J-/2) 
v2. .3 . 

I 
T s are th• amplitudes in the eikon& 

approxi.lla.tion (see fomulas (2. 7) ). According 

to our choice 

< I= o, i 
in the s 

of the amplitudes with definite. 

in the t . -chaimel, ] 
. . . . (J 

-ohanne1) the amplitudes To 
given either by (2.12) or by (2.14). 

Numerical integration of the e1kona1 amp1i 

13 



applied to the 

7 ,!-scattering. 

mf the quas1-

l&t1on of the 

f a standard ·pro-.raa, 

L' the solution 

1n .the follori3g 

- ' (.3.1) 

u been aeasured 

-th experiment, 

~7 F~ 
~ 

Xn , whioh 

1tal error 
-··'"·" 
the nora of the 

Mk allows 

differential 

1 with unit nora. 

The relation between the quantities F.IC (l<.,) . . 

and the scattering amplitude is given by formulas 

T 's .(2.9). are here the amplitudes of 

physical processes in 1T JV -system. The amplitudes 

possesSing a definite isospin 1n the 5 or -l::. -

channel are connected with them by means of the following 

formulas 

( ) 
(o) 1 (.L) T (Yz)' I 1ttf~11tp .= T - z T = 

(.3.2) 

T(n-r ~ vr-r) = Tro~ i- Tu.J =.iT'~~ 1:. Tc~/zJ 
2. 3 . 3 ~ (J • .3) 

T(nf~7l0n)=~ T(.L)= V{ (T(~)_ T(i/1)) 

T 's are the amplitudes in the eikonal 

approximation (see foDSulas (2.7) ). According 

to our cho1oe of the amplitudes with definite isoapin 

( I= 0 1 .1 1n the i: -chaimel, I= 1./2, Y2. 
. . Tc~~ 

in the s -channel) the amplitudes 
0 

. are 

given either by (2.12) or by (2.14). 

llumer1cal integration of the eikonal amplitude 

13 



,I 

is difficult to be performed because of technical 

reasons+). 

That is whJ" we expand the integrands in (2.12) 

and (2.14) in power series. We assume that the phases 

with I== 'd./2 and I=,%. 

X (r,-+)- I - fAa..s. i. !J (I,-+) rCr,-+) ) - f2~a_CI,+J 
--he. + -!..._' J. + 7.t. fz. e. /"t 0 = 

p (3.5) 

= X (r,+) -~ V' Cr,+) 
.. + ./\J.. ' 

' f 

xcr,-) ::::-~ (oi~J:,-)+ f. ol) ,£~i4a.~r,-) ' 
2,f J., I 

satisfy the following conditions 

' t X'J.Cr,+) I ~<. .1. J 
) X ('I,->1 ~< 1 

+)When ;~ are l.oo)l:ing for the minimum of the ;(2.. 

functional it is necessary to know the functioas 

and their partial. deriv-atives with re•pect to the 

(3.6) 

(3.7) 

parameters Xh • Therefore the number of integrals 

which have to be calculated for any experiment&l point 

is equal. to Lf ( .N + i.), where ./'1 is a number 

of parameters. 

'! 
I 

- j! 

I I 

lj 

f 
-~ 

Here h= :<.R~~. 
a.L ' . 

d (I,:)_ y c:r,:t) (a(r,:tJ Cl C:r,:t) q_C"I,±J) 
J.. - 1i'Qo i:to,o _+ "'-tl-o. (] 0

1
2. 

r Cr,:t) I . (.:I :t/ ~ (r,:t). 
J = Tttlo' .. • 

£ 0 12 .-· 

Con:ti.D.ing oursel.ves to considering only the tel'JIE 

of the· first order of amal.l.ness:;we obtain from 
. T. (X,+) 

(2.14), e.g.1 for 
0

. : 

T. (:I,+) . ~ f.~)" GlJ.-t/n 
o =.:. 2.,'f a~ L! ---;- e. + 

11=4- II. n. . . 
1:1:' 11 · "cr,+>.J.. 

C'} _~CI1+) Tl (-h) BC:r,+) ,_o., ._ 

+.o<.GtJ. ~ nl "' e. + 
n~o • . 

-1- ~{ex"1 1 C:-J [ B ~~,·r (J._ + 8 :~··'t) e s';•.;t. , 

where 

In the oaae of 

ait1aa, the phases. 

B
c:r,+J a a c:r,+J 
n = L o a + a c.r, ... ) 

L o n. 

t -channel. isoapin daoompo-

Y"(o1±) _ V'(o,:t) ,f 'Y'(o1:t) 

/\ - .1\ 0 + p /\ 1. 

(: 

and 
X' (.L, ±) are aaauaed to aatisf7 the follow~ 

conditions: 



;echnical 

1n.(2.12) 

~t the .phases 

'<{. 

...,rl.. 
the .1\ 

functioas 

teet to the 

(.3.6) 

(.3.7) 

:r .of integrals 

terilllentt.l. point 

V 1s a nWBber 

f Cr1:tJ_ V • 1i a (:r 1:tJ f} cr~:t). 
:L - 0 

where 

In the oaae of 

a1tion, the phases. 

o,2. . 

C .l QL ao(l:,+) B n:r J +-,~ = _ _;;.-.:..~-
QL + a.c:r,+-)n. 

t -channel 1aoapin deoompo-

c~. ~J 

( 3, ~) 

(J.lo) 

and 
V" (J., ±) 
J\ are aaa'Wied to satis:t:T the :t:ollow1ng 

oon.d1t1ona: 
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:1 
! 

l J .)( ~ o,:t) l-'4 i) } )( (L, :t)) <-< .i . (J.ll) 

B~ a complete analogy with the S -channel 

isospin decomposition it is eas~ to per:!orm the 

integration in (2.12) and obtain the amplitudes 

T (o -+) T (1 J:l:) 
' - and whioh are expressed 

0 0 

in terms of elementa:r~ :!unoti.ons. 

The parameters o:! the quasipotential are in 

general some complex :!unctions o:! energy. The energy 

dependence of the quasipotential is in general unknown. 

However there are some gueral ideas on the energy 

dependence o:! the leading term of the quasipotential. 

In the case o:! scattering of spinless particles it 

has been shown [25 J that :!or the quasipotential 

of Gaussian t~pe the pa:r8lleter a. (where 

R =:l.ra:' . is the interaction radius) can not increase 

faster than 

following 

Q.. 

£.,g • Therefore we assume the 

S -dependence of all the para~~~eters 

Q(I,f)== o((:r,±)+ f('r:,'±)[~t;- ;;] . (J.l2) 
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'j 
,1 

!' 

" !\ 
) 
\ 

'I 

1 

1 
i 

"• 

.. ~(I-:1:) .. 
Some o:! the _PS.rameters · r 1 can be equal 

In order to have the eonstano~ of.the total or 

seo.tions at asymptot;t.o energies the ener~ de 

of the parameter 

chosen ~ the :!ora 

a ·. ~ the leading term 
o~,o 

8~ = 0 + ~ [e.,_£_- .23..]-.i. 
,o So 2 • 

Other parameters entering the de:!inition o:! th 

flU8Sipotential··· are assumed to be energi . :tildepe 

complex numbers. These considerations allow to 

intzoduoe JO.real parameters+). 

We have. per:!ormed an. aml~sis of all th~. e 

experimental data (total and 'd.i:!fe~ential eros 

sections, polarizations,eto.) on l7~ ~so 
:!or o,o.i. ~It/ id .. O ~evjc l and PL. 0- d.. 0 ~ 
(see Table l). Onl~ the points which deviate f 

expected Values aore than'b7 J standard errors 

been excluded fro• the consideration. 

+)llo~e that some· Pe.rameters tUrn out· to be un1 

and have been taken to be equal _to zero. 

17. 



L, :t)) 
-'.< i . (J.ll) 

S -channel 

erform the 

:unplitudes 

11 are expressed 

1al are in 

r:gy. The energy 

~ general unknown. 

~D. the energy 

quasi potential. 

particles it 

quaaipotential 

(where 

~s) · oan not inorea~e 
re assume the 

the.parameters 

l.!!.]' .· 
'2. • 

'(J.l2) 

I 

Some of the p&rameters 
~(I-:1:) . . . r ) can be equal to zero •. 

In order to have the constancy of the total oross 

sections at asymptot~c energies the energy dependence 

of the parameter 

ohosen in the form 

a . in the leading term is 
(] J.,o 

Other parameters entering the definition of the 

tuasipotential are assumed to be energy independent 

complex numbers. These considerations allow to 

int~oduoe JO real parameters+). 

(J.lJ) 

We have. performed an analysis of all the .. existing 

experilleD.tal data (total and :differential cross 

sections, polarizations,eto.) on l?;v/ -scattering 

for o,o.i. ~ /t J' :1.. 0 (f-ev /c.l and PL '/;-. i 0 Q.f!V /c. 
(see Table 1). OD.ly the points whioh deviate from the_ 

expected values more than by J standard errors have 

been excluded from the consideration. 

+)Bo~e that some Parameters turn out" to be unimportant · 

and have been taken to be equal _to zero.· 

17 



The result of the analysis are presented in 

Tab~e 2. Satisfactory description of the data 

(C. L. ~ :l. /a) has been obtained in the case 

of the S -channel isospin consideration and 

renormalization of the different:l.al cross section 

data. In the case of i -channel isospin 

decomposition the description is rather poor. 

The obtained values of the parameters are ~isted 

in Tab~es J and 4. The calculated curves for the 

experimentally measurable quantities together 

with soae experimental data are given in. figs.~ - .i3 • 

They are drawn for the case of 

isospin decomposition. 

S -ohanne~ 

, When these results have been obtained data on the 

measurement of R at Pz .. = .i 6 G-·~ have been 

reported [32] • If they are included in·the fit 

the calculated value of 
-y""2- i 
/\ . inoreasis. That is 

why an attempt have been made to find a new. solution 

of the problem. 

In order to·make the fit better in the second 

term of the quaaipotential (2.17a) and in (2.17b) ·c J: g factors 1/vs;::) - ( 5 ~ ~) have been introduced. 

Paramters which correspond to new solution are listed 

in Table 4. In Figs. :ilf- 2 3 some predict:l.Gns of 

our considerations are shown. 

18 
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4.Conciusions -

AD&lysia we have performed in this paper. show1 

theeretioal claoulations give statistioa11T satisj 

fit of 7l ./( -soatteri:ng data in the regioJ 

o,o1 ~It/ ~ d..o(~v(c.)z. and rL- ~ i o G-ev/c. 
One of the important points of our consideration j 

choice of the locai quasipotent1al which gives an 

picture of high energT scattering. . 

A problem of taking :l.nto aooeunt of correc~iol 

the relative order .y f as oempared to 'the mail 

contributions 'is of great interest •. consideration 

backward scatter:l.ng phenomena will also clear up : 

aspects of the scheme developed here. These prob~~ 

require spec1al. investigations and we will probab: 

return to them elsewere. 

We should like to stress however that the ap~ 

considered in this paper doewn't claim to the com 

ness. It is a theoretical model and its result de. 
. .· . 

on the ohoosen foxa of the local quas1potent1al. 

no authors expreaa their aeep gratitutde to 

go}.ubow, , A.A. Logu:o.OT, D. V. Sh1rkov, A.R. Tavklle. 

V.A.Yarba for the interest in this work and criti 

diaoussion af. the results; to G.K.Desimirov, A.v 

moY, . VoGolt&47111UTBlQ', AoiloKTin1kh1dse, 

S.Sh.Mavrodiev, ll.H.Hil:'-XS.ou;cnr, R.!!~M~ady&ll for 

interest~ 41soussiona, te J.Passi for reading t 

' wuscript. 
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te data 

in the case 
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isospin 

.poor, 
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1ge~her 

ln. Jigs,l - .i3 , 

-channel. 

Led data on the 

/e have been 

td in"the fit 

~easis. That is 

L new. solution 

tne second 

in (2.17b) 

introduced• 

:ion are listed 

~rediotions of 

' 

I 
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! 
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4,Conciusions 

.Analys1a we have performed in this :paper. showa t.nat 

theeretioal ciaoulations give statistioall7 satisfactory 

fit of 71 N -soattei'ing data in the region 

o,o! ~It/~ j.,o(r;.~v(c.)2. and rL ~ i 0 G-eV/c • 
One of the important points of our consideration is the 

choice of the local quasipotent1al which gives an adequate 

picture of high energy scattering, 

A problem of taking into account of corrections of 

tb8 relative order ¥ f as oim:pa.red to the main 

contributions ·is of great interest. Consideration of the 

backward scattering phenomena will. also clear up some 

aspects of the scheme developed here, These probl.ems 

require special ~estigations and we wil.l. probably 

return to them elsewsre. 

We should. like to stress however that the approach 

considered in this p..per donn't claim to the oomplet­

ness, It is. a theoreti~ model. and its result depencl;&., 

on the choesea fexm of the local quasipotent1al. 

~·authors expreae their deep gratitutde to N,H,Bo­

go~ubow, I A.A. Logunev, n.v. Shirkov, A,N.Tavkkelidze, 

V,A.Yarba fer the 1ntoreat in this work and critic&l 

discussion of. the results, to G,K,Desimtrov, A,y,Efre­

mo:v, . V,G,KatyahGTlllqt A,il,KT1n1khtdze, 

S,Sh,llavrodieT, R.M,Hir-Karsimar, R,!!~MW:adYLUI. for 

interest~ 4iscuosiona, to J,Passi for reading the 

. marius cript, 
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·~ 

.• Slepohenko, fable I Atomizdat, 
Fitted Experimental Data 

·' 

V ,Aollatveav, . 
. ism for the .Reaction.: Quantity PL Number of Humber of Norm References . and f.2. points excluded 

~v/c points ---V.A,Matveev, 
1 2 ) 4 5' 6 7 

;io Estimatos l)a-~print, tr;. d/t/ 
9.84 9 1,009 Fole;r (1968) 26 

9.89 12 . 1,0)0 -"-[oheulishTUi 
~969. 10.8 15 I 1.102 -"- (196J) 

I HERA 
11.89 n 1.005 -"- (1968) 

12.4 20 1,0)9 Harting (1965) ... ~ . 

lnSkOT .at alo 
lJ. 1) 1.109 Fole:r (196J) 

14.16 12 I 1.018 -"- (1968) 

et al;, 
14.84 8 1.16J -"- (1965) 

15. lJ 1.09) -"- (196J) 

49) (1971)· 
15.99 14 0.985 -"- (1968) IJ6B, 
16. 17 I 0.978' -"-

s._, m.§_, JJ5 (1970). 17. 12 1.069 -"- (196J) 

18.19 14 1,009 -"- . (1968) lln Real Parts 
(1965) 18.4 15 1.1?8 Harting 

r 18.9 6 1.10) Fole;r (196)) 
ll;,Cozzika, 19.75 7 1.244 -"- (1965) il.Fontaina, 
arle, 2?.18 7. 1.222 -·-SUllo 

(1968) ters in Pion- 24.22 19 0.967 -"-c and.16 GeV/o. 
25.J4 a 1.192 -"- (1965) 

20.15 17 0.976 -·- (1968) 

artmant 20.)8 18 0,962 -"-
22.1? 19 0,971 -"-
26.2) 20 0.950 -"-
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,l 

Ji 

J• 
' 

''I 

Isospin 
Deoompos:it:ion 

l/2, J/2 

o,1 · 

l/2, J/2 

, 

1/2, J/2 

-

Table 2 

Interval ;(',_ 

o.o1 -< \tl ~ l.o(~evjcJ 606 
PL.~lO fi-eV/c. 

o,ol ~ lt.l { l,o(G-(V/cJ"" 9J0 

p ":! 10 
!..'1" 

without norms 

o,ol ~Iii ~ l,o(&~vjcy- 1114 

ft;;<:.lo ~V/c._ 

o, 01 !{ lt.l ~ 2,5 (G-evjc),_ 2000 

P. ::> 6 . 
L'r' 

26 

}z C.L. 
t: 

7J4 2 

734 l 

7J4 l 

llJO l 

Table J 

. Paraaeters of the quas:ipotent:ial. for the case of. s,oha 

iusp:in decomposition (I•l/2, J/2~. Data on · R a 

f.=-JbGeV/o are not :included. 
L 

QL •1(1.2261 i 0.1066) + (0.4159:1: O.OJl6)($...!. 
~· So 

q .. l(o.ga06 ± o.025J)- (1.5922 :t ·O.l47J)(~.3 
~ ~· ~ 

a..c~,+). (11.675 ± o.J567) (Gevjc)-!1. 
ar:·-) .. (16.1760 ± 0~ JS:U) (r; e vjc. )- 2 

(~+) (;, . ~0 
~010

1 
• t0.~762± O.OOJ7)+ i(0.0274 iO._OOll_j~~ 

~~t·· (-o.0015±o.oooo6)(Ge~)'t · . 

3~~-) • E-o.oo15 ± o.ooog)- ((o.ooJJ f. o.ooo5~(§ 
qC .. ~,-) .. rc -0. 00005 .:t o. 00001) Ti.( o. 00006. ± o. OOOOOE 

Oo,2. ~ · 
. o;1,+J ric , C .Jn s ct • ~9.7045 :t o.2J961 + o.51o2± o.l265.A..~s-· 
·0 . 0 

a.t~,r) .. ~7.7140:t o.l699)+ (o.96J9 :1 o.090J)(t.t· 

3~~,+). ~o.o46lt o.oOJ7}ri(o.o627 io.oo21~(G~1 
(Jja # . 

a '. fc-o.oo11.t o.oooo6)- i (o.ooo4± o.ooooJ)l o~~ ~ . . ~ 

3~~,-J. g...o.Ol84% 0.0014)+ i (.0.0094 ± 0.0014~ c~ 
0/2.-) r; . . . 
~ ' .. ~-o.oooJ ± o.ooooJ)+ i (o.oooo5:t o.oooo1: 

o,~ 2. . . 

S0 • l {§-evjc} · 
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. ' 

'2.. 
C.L. (: 12 r;. 

~06 734 2 

~30 734 1 

Ll4 734 1 

000 '1130 1 

' •I 

l 
i 
i 
\ 

·j 

•· t 
I 
I 

·' 
:i 
i 

. ·! 
l 

. I 
1 

I 
1 

I 
I 
I 

I 
.~ 
f 
! . 
I 
l 

I 
t 
I 

I 
i 
I 

Table 3 

. Para.~~eters of the quasipotential for the case of s-,9ohannel 

isaspin decomposition (I•l/2, 3/2~. Data on R at 

f.=JbGeV/o are not included. 
L 

aJ. • g1.2261 ± o.l086) + (o.4159:t o.o316)(.t..fo- ~·~fvfc.J:. 
~.L .. fo.9808 ± o.0253)- (1.5922 :t o.l473)(~i: --?/jev(c..J~ 

a.c~,+). (11.875 t o.3587) (c;evjc)-2 

a'"f,-J. (16.1760 ±O;JSU) (b-e V/c )- 2 

~:~tJ .. fo.o762± o.0037)+ i(o.o274 :to.oo11~(G~~).2. 
~(*,1-'·· <-o~ool5±o.oooo6)(GtVfc)'t · 
0 o,~ · 'lr;; 2. 

3w~,-). E-o.oo15 ± o.ooo9)- i(o.oo33 '± o.ooo5~~eV~) 
l~"'-) .. ~-o.oooo5 :t o.oooo1) -ti(o.oooo6 ±o.ooooo6~(<;eVk/ 

o,2. .~ '(c J! -2. 

~~¥~,·>. ~9.7045 :t o.2396) + _co.5102:t o.12a5x~;0 - ~1J(G-tVc) 
d~'-~-> .. ~7.7140:t o.l699)+ (0.9639 ± o.o90J)(t.fo- i~)](G-rV(cl'" 

~~~~+>. go.o46lt o.oo37)+i(o.o627 :t'o.oo21~(G~V/cf 
8~~~,+~ ~-o.oo11 :t o.oooo6)- i (o.ooo4 ± o.oooo3~(6evAY' 

I 

3~~,-J. g...o.Ol84::t o.0014)+ i (~.0094 ± o.0014~ (QeV/c)2. 
t:~-J .. E-o.ooo3 t o.oooo3) + i (o.oooo5:t o.oooo1~(fiel(c.)" 

S
0 

• 1 {fevjc }~ . 
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·Table 4 

Parameters of the quas1potent1al for the ca~e of 

1sosp1D decomposition (I•l/2, J/2). Data on 

f~. .. l6 GeV/o are included. 

R 
a-channel 

at 

a.L =~,1670± o,oe_65 + (0,4726 :t o,o222)(.e..;:,- ;~ ~(GI{tfc)-2. 
8J ... ~,6961 ::t o,o199 + (o.~06o2.± o,ol20)(&, t- ~)J(G~vfc )-2. 
C~+J r. . :v/'l ,1.)-2. . a. I =,8,4589 ±0,252JAIJ"~ Vtc .· . . 
(~ -) (. ":'\ (;_ . I /.)-2. ao I -=1_.11,684 :t 0,4lJ6;lG-(V/c . 

(~,+) 1: . J/, I f.)z. 9 o,o .. t>• 0998 :t o, 005.3 + (. (o, 02J6 :± o, OOlJ~\...@.e~ c: 

a:~~·)=(-0,0022± o,OOOl)(Ge Vft )" . . 
8~~·~[-o,ooJ4 ± o,ooo4 - i(o,oo4J:t o,oooJ~ ~evjc)2. 
~;.~r)= ~-2,o ± o,5).lo-5 + i(4,o ±o,.3)~lo-5] {!J-e.VjJ 1 

. l~~~J .. ~,6452to,l460+(o,2667:t o,o409)(~:.,- ~)](G-ev,kT2. 
Cl/zj) (; Jl. )-2. .. 

(lt) =(4,7l69:t0 1l5J8)\.~e\'le " . 

tJ/2& .f?,l6.32:t 0,0047 + i (O,OlJ2:t o,0024)]((ieVjc;).2. 

Cf1 +) r . ' . (, 1/ ).Y 
31>,2.' •c(4,4±o,l).l·o-3 .... t.(6,o :to,6)~l.o~ ·"-~e.\'l c 

sc;;~ =f(2,5t0,2).10-.3+i(5,9.tl,l).lOJ] (<;eVj:J2... 
d~,-) = f(5,0 ±0,7)~10-4 +-i (4,0 :1:0 1 8).10~ (6-\• Vjc)~ 
(/ o,2. L' 

i = 0,7492 ± 0,0906 

$ 0 = 1 {§evjc./· 
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