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Abstract 

~ An effect of the 1111-interaction in state T = J-= 0 on the pion-nucleon scattering partia_l waves i~ inves-

tigated by the method of dispersion relations. In th e final expressions a transition to the statical limit is made 

which is jus t compared with experimental data. -The most probable form of the ~phase shift of pion-pion s cat­

tering is discussed. Relations are obtained which link the pion-pion interaction contributi'Ons to S and P 

waves of 11 N -scattering. On the basis of these relations some works on the pion-nucleon scattering are analy­

sed. Consequences following from the abov~mentioned relations are considered for the statical limit. 

' 
... 

' 

n.c. Vlc aeB, B.VI. neHllbe n, B. A . Mewe pSIKOB 

nAPUVI A nbl-'!biE BOnHbl 

n N -PA CCE5IHVI5l C Y4ETOM 

nn -B3A VIMO.LlE I/!CTBVI5l 

A H H o T a u H SI 

MeTOllOM llHCnepCHOHHbiX C OOTHOW e HHfi HCCne llye TCSI BnHSIHHe B 3 8 H MOllefiC1'BH SI 

B COCTOSIHHH C T = j = 0 Ha n apuH anbHbie BOnH hi 11 N - p acce SIHHSI. P e 3 y nbT8 T hl 

cpa BHHB810TCSI C SKCnepHM e HT8nb H biMH ll8HHblM H B CT8TH'IeCKOM npelle n e , 06Cy)!{ll 8 eTCSI 

HaH6one e BepOSITHhiA BHll 
0 

00 

CBSI3biB810WHe BKn8ll b l 1T 1T 

cpa3bi rrN -paCO.SSIHHSI • n o nyqeHbl C OOTH OW e HH£1 1 

-B38HMOll e ACTBHSI B S - H p- B OnHbl 11N - pacceSIHH SI . 

Ha ocHoBaHHH STHX COOTHOW e HHA npoBe lleH 8HanH3 p e3yn b T 8 T OB PSIL18 p a60T n o p a c-

Ce SIHHIO 1T - Me30HOB Ha HyKnOH8X. 

Pa6oTa H3llaeTcB TOnbKO Ha aHrnHfiCKOM R3hlKe 

'; 

• 
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I ntroduction 

The present paper is devoted to the inves tigation of the influence of pion-pion interaction with T = 1 = 0 on the 

· l · · 1 d · 1 d I ll /2-4/ pton -nuc eon scattermg partla waves an 1s re ate to paper . An analogous problem is discussed in papers 

Takahashi 121 investigated the problem on the basis of the Chini-Fubini one -dimensional representations. The method 

of obtaining the equations for partial waves us ed by the author was subjected to criticism/Sci. The smallness of the 

pion-pion s cattering length a
0 

obtained is very likely due to this method. 

Hamilton et al / 3 / anal ysed the pion-pion interaction in state with T = 1 = 0 
(±) 

by investigating the so-called 

"differen ces" tJ. e. 1 i.e. the sum of contributions from the cuts - 00 < s <;. 0 and I s I = M 2 - p. 2 in the 

plane s . 'The combined analysis of the "differences" is facilitated by the fact that for each of them one introduces 

the appropriate parameters which tak e into account the effect of the distant singularities. The contribution from the 

nearest singularities (the right half of th e circle Is I = M 2 - p. 2 ) is interpreted as pion-pion interactions. Some 

relations are derived here ( § 4) which the pion-pion contributions to the pion-nucleon scattering must satisfy. On 

h . b · · b d h · / 3/ · I . h · . 'bu . fr h "d'ff " t e1r as1s 1t may e asserte t at m an attempt to smg e out t e p10n-p10n contn twns om t e 1 erences 

failed. 

Ak . / 4/ ->2 
t 1nson uses dispersion relations for the backward scattering with respect to the variable 11 = q . With 

such an approach the"differences" are associated with the pion-pion interaction only, what follows from papers 
161 . 

The pion-pion scattering phase shifts are determined by the analytical continuation of the 'llifferences" from the region 

' 
11 > 0 into the cut - oo < 11 S: - 1 . The analytical continuation is performed by means of the conformal mapping 

( / 41 Eq. ( 3.3) ) which transforms the plane 11 with cut - oo < 11 < - 1 into ( 2n + 1 ) sheet Reeman sur-

face. Therefore for n = 1,2 Atkinson's arguments are not true. ..._ 

The method of taking into account the pion-pion interaction applied here enables us to choose among various 

forms of the energy behaviour of the o: phase shift. It is shown that the S-dominant solution of Chew, Mandelstam, 

Noyes I 7 I does not describe the energy dependence of the pion-nucleon scattering partial waves. The approximations 

of the scattering length and the resonance behaviour of the 
0 o phase shift .were also considered taken from papers 

0 • /8/ 
of Serebriakov and Shirkov on the solution of the system of equations for the pion"'7pion scattering partial waves 

The conclusion is drawn that the variant with the resonant phase shift is preferable. 

l. The unitarity condition for the process 1T1T -+ NN 

The unitarity condition of the process 

which are expanded in partial waves as follows * 

1++ '-- P_, [-A(+)+ 

871 p 0 
3 

I+- -I_+ ___!1___, Sin 8 3 • B 
811 

* For detailed notations see I l I 

is written by means of the states with a given helicity 1 1 
++, +-

2 2 1 e e 
4Mq Cos 8

3
·{3]= __ l(e+'h)(p q) f ·P0 (Cos8 l 

3 oe .t + L 3' 
p 3. p:J 

e e (Ll) 
q 3 r f + % ( P 3 q 3) - t· f- . P ' (Cos 83) 

e ve re + 1J e 
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For the isotopic index ( + ) the sum is over even 1's. The unitarity condition in the two-particle approximation expre&­
f 

ses the partial wave phase shift It in terms of s , d and other phase shifts of pion-pion scattering with T = 0 , 

Since we shall be interested in the region of small q 
3 

's then the assumption 

> f 
00 0 f ~ 2 ( 1.2) 

is natural. 

From ( 1.1 ) is follows that f3 = B 
---.... s-s 

is the real fun ction in the interval -oo < v < - 1. 

; I 

Approximating the higher partial waves by the pole terms /
9

/ we get for 
(+) 

A and f3 

(+) 
A 

(+) 

tl l 

2 2 
4 M q 

3 
Cos (} 

3 

f3 

f3 + y e 

0 
100 2 2 (+) 

4 M q 
3 

Cos (} 3 ( tl f3- tl 2 ) 

/0 2 A(+) 

f3 
0 2 L1 

le + g (tl {3- __ I_) 
4 pq 

+1 2 
.l_ f Cos (} 

3 2 -1 

tl f3 • d Cos (} 3 
tl(+)= ¥2 !12 

2 Vlfl 

( for detailed nototions see / 1/) 

the expressions 

f3 where f3J and y are the unknown real functions. Comparing ( 1.3) with similar expressions for a and 
I I . . (+) a. . 

( 1.4) It may be noted that, ftrst, the lower terms A and ~ con tam the s and d- waves: second, the as-

sumption ( 1.2) leads to the appearance in A (+)of the unknown real function f3 
1 

• Therefore the method of taking 

into account the pion-pion interaction suggested in/ 6 /is to be modified. 

2. Dispersion relations for A(+) and f3. Equations for partial waves \ 

Equations for the partial waves of the low-energy pion-nucleon scattering will be derived by combining disper­
( +J 

sion relations for the functions A and f3 when c = Cos (} = ± 1 . 

It is convenient / 1 / to consider dispersion relations for the forward scattering .with respect to the variable s ' 

i.e . , in the usual form: 

!_ _F lm <I» (v 
1 + 1 ) 

\ 1 1 
( 2.1) 

. <I» (v, + 1) 
TT (M+1)2 

ds(v ') • + 
s(v')-s(v) s(v')-~v) 

(+) 

In this case the functions A and f3 require a different number of subtractions. Assuming, as usual, the high­
(+) 

energy total cross section to be constant it is easy to obtain that for A two subtractions are sufficient, while for 

{3 there is no one r~quired. Taking into consideration the fact that in the following use will be made of an ordinary 
3 ' 

assumption lm <I» = lm 1
3 

we may restrict ourselves to one subtraction . The convergence of the integrals will be 

ensured. The second subtraction will not lead to the appearence of an additional constant owing to the s ymmetry 
(+) 

properties of the function A . The comparison of final expressions with experimental data will serve as a criterion 

in choosing the number of necessary subtractions . 

For the backward scattering it is advantageous to write dispersion relations with respect to the variable v = q2 

The only nearest singularity is the cut < v ~ - 1 from the reaction rrrr -+ NN . . Owing to the 

assumption (l.2)thedispersionrelationfor f3(v,-1)isofthe form: 

4 
' 

. ) 

'/ 



~~ .. 
. ' 

< 

{3(v,-1) 1 
pole tenn r lm{3(v~-1) d v ' + 

0 v'.:. v TT 
(2.2) 

(lm {3 (v < 0
1
-1) = 0). 

Consider the functi on 
8 TT p O (+) . :J :J 

---- 1++ = A · - 4 J.f q Cos () 3 • {3 p , According to (1.3) on 

the cut - oo < v < - l it has a simple structure: the first tenn is the s-wave amplitude I"+ , the second one is the 

sum of all the higher partial waves in the pole approximation. Therefore the unphysical cut can be calcula~ed in just the 

same way as it has been done in / 1/, i.e. considering instead of - .!!_!!_]!_0 J thl! function _ 8TTp 
0 J++ 

p ++ - - ---
The funct1'on F ( ) I · h 1 1 3 

p' Fo(v) 
0 

v las no zeros 10 t e comp ex p ane v. The phase shilt F
0 

(v) on the cut --<v<-1 coincides with 

00. 
0 

Then, the dispersion relation for A(+ tan be written in the fonn: 

+ !, Res 4.11 q
3
[1- ~(v)] + v ( lm A(+J(v~ -1) 

[M
2
- s(O)][M

2
-;(0)] 17 o v'(v'-v) 

+ v r 
TT 

0 

l m [ A<+ J ( v ~ ·- 1 ) + 4 M (JJ ' 
2 p ( v ~ - I ) J[ ~- I ] d v , • 

v'(v'-v) 

The q~antity J[+J( 0, -1) is expressed in tenns of the scattering lengths: 

2M+ I + 
--- 8 

2M 

The function F 0 ( v) is detennined as follows: 

0 

F
0 

(v) = exp I 2:.. J -r~C!..f!_J ___ d k 
3 I 

17 o ( k + I) ( k 2 + I +v) 

An arbitrary polynom can be introduced into Eq. (2.5), but it is not defined by the phase s hift 8° 

., 

(2.3) 

(2.4) 

(2.5) 

F 0 (v) is the only 

function whose behaviour at v ~ 0 is completely defined only by 8° on the physical ( for pion-pion scattering) cut 
0 

- oo < v <- 1 . In this case it is not very important whether the phase shift 8~ satisfies the crossing symmetry relations 

of pion-pion scattering or not: F 
0 

(v) enters (2.3) when v > fl. Therefore the details in the behaviour of 8~ at v <0 

are of no importance. If 8~ well approximptes the ~e function 8 ~ then this is sufficient for detennining F
0 

(v) in the 

region v > 0 . The true fonn of 8° is unknown, hence, in what follows use will be made of various concrete assumptions 
0 

on he fonn of the function tg sg 
The transition to dispersion relations for the partial waves is perfonned by means of the relations 

<±J 
1 1 (v,-I)l 

(2.6) 
(t.) (.±) <=) (±) 

I - I P = 'h [ I 2 ( v, + I ) + I 3 ( v, - I ) ] . 
Py, J/.1 

5 
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The connection between functions 

(+) 
11 (II, (') = Po+ M 

81T w 

(+) 
1,,2 

\, 

-: ' 
/ 

(+) 
and A and f3 is of the form 

(+) 
A (11, C )+2(W-M){3,(11, C)[2p0 q0 +11(1+C)] 

(+) (t) 
I 2 ( 11, C ) = ~ [ - A ( 11, C ) + 2 ( W + M ) f3 ( 11, C ) [ 2 p0 c/' + 11 ( 1 + C ) ) ) 

81T w 

w w 
In the integrands, the functions lm A and lm f3 are express.ed in terms of the amplitude lm I P 

(+) 
lmA ( 11 , C)=I W+M 

po+ M 
3 c + W- M lim I(+) 

po- M PJ/2 

1 
fm f3( II 1 C ) = l!ff{' CU + 2 11 ( 1 + C ) 

\ 

_1 _JC- _ 1_] lm / +) 
po+ M po- M ':, ; 2 

Eqs . (2.1) - (2.8) enable us to express the real parts of the partial waves s 
• 2 

(+) 
' p 

~ 

(+) 

' p$/2 

in terms of the coupling constan.t, the Sin a, 
1 

subtraction parameters and the function 

Until recently the expansion in powers of 11M was not used anywhere. 

3. The Static limit ( 1/ M-+ 0) 

Expanding Eqs. (2.1) - (2.8) in powers of 1/M we get 

(+) 
Re I (II) 

+ (+) 

- _a2 [ 1 + F (II))- · II p roo lm lp (II') 
s 0 · - 3/2 

IT (,11'(11'-v) 

(+) 

I 
2 IICU p roo fm lp (y ') 
--- $f2 IT . ' ' o II CU 

(+) (+) 
Re (I - I ) = - 2 ~ 

p~ p3 / 2 cu 

E (II) _ 1 ] d11 ' o_ 
F

0 
(II') 

dv ' 
, 

II -II 

J/2 

F0 (II) . 

(2.7) 

(2.8) 

(3.1) 

(+) 00 (+) 
lmiP312 (v ') dv' + ~p J lm lp.,.(v ') [ F0 (v)_1)dv'. 
v'l11'-11) IT o ll'(v 1-v) F

0
(11') 

(+) (+) + 
Re ( I + 2 I ) = -:- [ 1 - F (v) ) + ~ P r 

% p3 / 2 O IT o 

i~' Eqs. (3.1) contain a single parameter, the scattering length a(+) . They satisfy the crossing symmetry properties/ ! / : 

~·· 

l 

., 

"" 

. I . ; 

it 

(+) (+) 
Is (cu) - Is (-cu) = 0 

[ I'(+) (cu)- t (+) (cu) ) + [ /+) (-cu) - I (+) (-cu) ) • 0 
p~ p$/2 p~ p 3/2 

(+) (+) (+) (+) . 
f (cu) + ! fp (cu) ] - [ f P. ( -cu) + 2 f P ( -cu) ) = 0 
p~ $ / 2 ~ J/2 . 

(3.2) 

, 

Note that the pion-pion1nd pion-nucleon terms of Eqs. (3.1) apart satisfy Eqs. (3.2). 

An interesting feature of dispersion relations (3.1) is the absence of pion-pion terms in the expression 

(+) (+) . [ (-) (-) ) . 
Re [ fP - I P ) , The same holds for the dtfference Re I p - I p wh1ch follows from Eqs. 

~ 3 / 2 ~ $/2 

(5.4) - (5.6) / 1/ . The above feature follows from a certain symmetry of pion-pion contributions to pion-nucleon scattering. 
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4. The Symmetry Properties of Pion-Pion Terms in Pion-Nucleon Scattering 

We denote by 
<±> 

G l! 
1 

(W) the contribution of pion-pion terms to the pion-nucleon scattering partial wave with 

given e ,J and the isotopic index (±) , Since pion-pion terms enter dispersion re lations for the backward sca ttering 

only then from (2.6) it follows that , 
G(±) ( W) =-3 G(t) (W) 

s p3/2 (4.1) 

The relation (4.1) is true in the s and p approximation, i.e. in the low-energy region. For the backward scattering th e 

replacement s -+ s means the transition from the variable IV = p 
0 + w to that It"= p 0 - w so that 

2 
W·W'"' M -1 (4.2) 

(+) (+) 
In this case Y (W) !!!! v ( W ') and A [ Y ( W J"' A [ v ( W') ] In the approximation (1.2) terms 

(+) 

responsible for pion- pion contributions to the functions A and f3 are of the form: 

- 1 

A~~ (v) = _ -i- J~_y:___S_i_n_a::...g __ dv, 
11,- J.l (4.3) 

~TT (v) = 0 

·what leads to an additional relation 

(+) (+) 
GP (W)- GP 

3 / 2 ~ 

(W) (4.4) (W) = 

Using Eqs. (4.3) and (2.6), (2.7) it is easy to get that 

w w w 
(W) - 3 Gp (W) ] = W' [ G s (W' ) - 3 G p ( W') ] 

3 / 2 3 / 2 
(4.;;) 

W [ G (+) (W)- G(+) (W)] = lV' [ G(+) 
plh p 3/2 plh 

(+) 
(lV') - G (IV') ] 

p3/ 2 
(+) 

G found first by Lovelace / 10/ : Eqs . (4.1) and (4.5) lead to symmetry properties of the functions 

(+) 
(W) - W' G 8 (W') 

W G(+) (IV) = If' G (+) (W') 
p'n p'n 

W G(+) (W)~ W'G (+) (W') 

p3 / 2 p312 

(4.6) 

They result immediately from the crossing symmetry properties and from the second of equalities (4.3). 
H H 

Similar relations for the functions Ge 
1 

(W) are more complicated because in this case A TTTT a ncl 
(-) (-) 

are different from zero. They reflect only the crossing symmetry properties of the functions A • B 

Since the crossing symmetry properties for the partial waves are the simplest in the s.tatic approx ima ti on we go 

over to the limit M -+ oo • 

Let us introduce the following notation: 

~ 

I 

., 

- -.. 

, ', 

,, 

. I 

,• 

', 

< ' 



...... 

-t ~· ;~ .. ' 
.... --* .. :- r:· ~ . ,, ;f~·:r- .,~-· t -t: \ t ·-flo-;4,:. '!' i~~~w. 

£ ' ~ ~ ...... t • 
.. ~. ~·-.-"' J· .. ~ ,• ';¥>-. 

~ ). 

' . 
' 

.... (it) (.I) 

AgJ (w) = lim G (W) 
M ... oo .. 

(4.7) 

For the functions g;~)(w) it'is easy to find th.at 

. 
(±) 

Ae
1 

(w) 
(#.) 

+ Ae
1 

(-w) (4.8) 

The comparison of (4.8) with the crossing symmetry relations (5.1) / 1/ shows that the same functions /'±J ( w J-l±tw) 
PY, PJ2 

must be simultaneously symmetrical and antisymmetrical in w i.e. it is equal to zero, or 

(±) 
A (w) 

py, 

(+) 

~ g - (w) 
p ,;, 

(4.9) 

Eq . (3.1) satisfies the conditions (4.1), (4.8), (4.9). Eq-s. (4.1), (4.4), (4.6), (4.8) and (4.9) are convenient for checking 

the non-contradictory of pion-pion contributions to different patrial waves, if the latter is calculated indf'pendently. In 
(+) 

papers of Hamilton et al the relations (4.6) are fulfilled.However, the equality (4.1) is valid for the 'differences' !l -

themselves, which besides of pion-pion contributions contain , e.g. , the integrals from the pion-nucleon scattering eros­
(+) 

sing reaction. If one accepts the suggested breaking down of !l into pion-pion terms and the contribution of distant 

singularities then (4.1) for pion-pion contributions is fu1filled neither in magnitude nor in sign. Threfore an attempt to 
(+) 

single out from the differences ll f 1 pion-pion tenns failed. 
(-) (+) 

The equality (4.9) is fulfilled for !l 
Py, • 3/, 

within the statistical errors. For the quantities !l f ,J none 
(-) 

waves, since !l f, 
1 of the aforementioned relations is fulfilled, what may not be put down to the neglect of d 

are cal culated up to 100 MeV only , If we explain the non-fulfilment of (4.9) and (4.8) by terms of the order ~ then the 

equality (4.1) mus t however be fulfilled . 

5. Comparison with Experimental Data 

The set of equations (3.1) contains one subtraction parameter a + . It is small (a + 
/ 11 / 

0.005) therefore in 

calculations we put a+ = 0 . Since the subtraction parameters tak e into account the behaviour of functions at high 

ene.rgies then in the present case the low-energy region weakly depends on the behaviour of the scattering amplitudes at 

high energies . 

To obtain·:the energy dependence of 
(±) 

Ref e
1 

it is necessary to know the functional fonn of 
0 8 
0 

• In what 

follows use will be made of the following variants 

'a) 

b) 

c) 

0 
tg 8 0 

tg 8 0 
0 "' 

tg 8 ° = 
0 

~ok 

a 0 k 
k 2 

1 + 
3 

a
0

k 

1 + k 
2 

3 

(5.1) 

1 
-
1- bl2 

8 

''j 

-I 

' 

/ 

/ 



The method of calculating the function F
0 

( 11 ) 

F (v) = ll 
0 1,/ 

where are the roots of the equat ion 

lmk 1 >0; 

. { 

described in / 11 gives the general formula 

iw k1 i + kt 

i w + kt k 1 

w=..j1+v 

The variants a) and h) differ from one another by the asymptotic behaviour at k ... oo Tlie calculation shows 

h f (•) (b) 
t at or 1 < a 0 < 3 and 1 < w < 3 the ratio F 

0 
IF 

0 
lies in the interval ( 1 ; 0. 75 ) . The same may be 

s aid about the pion- pion contribution: in the low-energy region ( w ;5. 3) it changes by 20% only. Thus, the assump-

tion about the asymptoti c behaviour of the phase shift affects little the low-energy region w < 3 

The variant b) is more realistic than a) because in the scattering length approximation tg . a: = a 
0 

k I ..;1+-k'·. 
The presence of the root makes difficult the calculation of" F 

0 
( 11 ) and therefore it is ap-

proximated by the quantity 1 + ..!.2 
in the region k 2 < 10. 

3 -

To explain the energy behaviour of Re l !+)in b) it is necessary that a 
0 

> 3 So large values of the scat-

tering length are unlikely , we consider therefore the variant c). 

From the comparison of the solutio~s of the pion-pion scattering equations with experimental data it follows that the 

parameters a 
0 

and b 
0 

are in the intervals 0,5 ~ a0~ 1 and 0.05 < b 
0

18 I. Therfore the extreme values 

of the scattering length a0 were determined using these values. The following intervals: 
y, 

a 0 = 0.5; 0.04 < b 
0 

S 0.08 ( 10~ Mev < t, < 1430 Mev ) 

y, 
0.07 S b0 S 0.11 ( 890 Mev 'S_ t, S 1095 Mev ) 

do not contradict the experimental data on pion-nucleon scattering. The variant a 
0 

= 1 , b 
0 

= 0.05should he assumed 

"' as the best one. The results of calculations are given in Fig. 1. 

It is interesting to analyse the S-dominant solution of Chew, ~1andelstam, Noyes / 7/ . Up to k 
2

"' 9 

"' 0 shift u 0 can be approximated with good accuracy by the expressions 

t a o = o.63 g 0 

4.2 

k 

k 
----·-2 
1 + 3.08k 

( .\ = - 0.1 ) 

(.\ - o. 3 ) . 

the phase 

(5.2) 

The corresponding curves for I +) • 
Re 0 lie lower than all the experimental points ( see Fig. l ). :'1/otice that after th e 

assumption + a 0 has been made the quantity Re l •(+) is defined only by the pion-pion contribu-

tion. Therefore the 
(+) 

s wave is most sensitive to the pion-pion interaction parameters. 

The available experimental data on the 

information about the parameters a 0 

energy region. The behaviour of the wave 

pion terms are not so important. 

( + ) 
p'h 

and b o 
(+) 

p 3/:z 

wave have large errors. The study of this wave r ields no ne w 

although there is an agreement with experiment in the low-

is 1in the main explained by the res onance wave,the pi on-

* The X 2 test allowed to divide two minima in the region b < 0.09. 0 . 
The former one with the boundaries 

0.05 < b < 0.07 and 0.7 < a < 1.3 corresponds to the resonan ce form of the phase shift. The second on e 
0 0 

( b 
0 

< 0.05, a 
0 

> 1.4) is wide and has the variant b) with a
0

"' 3 and b = 0 
0 

and b
0 

are stronp;ly correlated. For h = 0.07 • one has a
0 

= l :: 0.12 

0 

. The parameters ao 
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Relations (4.1) , (4.9) connect the pion-pion contributions to sandp wave of pion-nucleon scattering. Using them 
:J/2 

and knowing pion-pion terms in s waves we can calculate the quan tity g 1 ( w ) • As it should be expected 
j 2 

it is small. (see Table). 

Thus, the low-energy data on the pion-nucleon scattering do not contradict the parameters a 
0 

= 1 and b
0

= 0.05 

( t 'h 
t "' 1250 MeV ). The scattering len0th a 

0 
= 1 is in agreement with the results obtained by Ha-

milton et al. / 3/ 

Conclusion 

The Mandelstam double dispersion representations associate the pion -nucleon scattering problem with the 
/1/ 

pion -pion interaction. Eqs. ( 3.1) and ( 5.6) eilihit this connection . They are obtained by the same 

method which has been suggested in 
151 . This same method is applied to the pion- pion scattering 

analysis 181. The way of obtaining Eqs. ( 3.1), ( 5.6/
11 

allows one to use different assumptions about the form of the 

pion-pion scattering phase shifts in order to explain the pion-nucleon scattering. It turns out th a t the best description 
/ 8/ 

of the s and p waves at low energies is reached when using the solutions from . The S -dominant solu-

tion of. Chew, Mandelstam, Noyes 
171 

does not correspond to experimental data on pion -nucleon sca ttering. The ob ­
l 

tained result, from our point of view, provides evidence pf the self-consistency of the method in describing phenomena 

in the low- energy region. 

The comparison with experimen'lal data is made in the static approximation. The following conclusions are drawn: 

l. To describe correctly the pion-nucleon scattering it is necessary to take into account the pion -pion interact ion. 

2. Th e pion-pion contributions to the pion-nucleon scattering satisfy the conditions ( 4.1) , ( 4. 4 ) , ( 4.6). ( 4.8 ), 

( 4.9). 

3. The sand p waves of pion-pion scattering wave were taken into account independently. The assumption about 

the resonance character of these phase shifts yields a satisfa ctory description of experimental data on pion-nucleon 

scattering . 

The authors are grateful to D. V.Shirkov for the useful advice. One of us ( V.I.L.) thanks the administration of the 

Laboratory of Theoretical Physics of the JINR for the hospitality . 
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