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In this paper the role of' 1T"'I' ·Interaction In 11 N aolllslons le studied when the , 
momentum of the primary pion Is about 7 Bev. It has been shown that In elastic :JiN 
scattering the contribution of 'lrl( Interaction Is not great,' and that It Is fully oaniou• 
flaged by.the diffraction scattering from.the nucleon core. In case of Inelastic ool· · 
llslons the contribution of 1t1T Interaction Is already quite noticeable and, therefore, 
lt·ls poeslble to determine the cross ,sections for ·111r Interaction from the experl· 
mental data on multiple pion production. The distribution of the· transverse momentum 
of the reooll nucleon has been oalo~lated In the prooe~ses 'll~ N- H ·t llf 

and of A'' for the process • 1\ -t-N- 1\0 -t K..,;'W' , It bas been aiso shown that this 

distribution Is In agreement with th~ .experimental data. 

1. Elastic Colltsions 

At high energies elastic pion scattering on nucleons reduces essentially to diffraction scattering. 

Therefore, the possibility of detecting l1' 'II' Interaction fr9m the measurements of elastic pion scatter

Ing on nucleons depends 1:1pon the relative role of the periph!m:il elastic Wlf: interactions and diffrac -

tion. scattering Induced by central. opaque parts of the nucleon (core )Ill, In this section we are going to 

~~nslderthe relative role of these two contributions to elastid sccitterlng. 
'" . - ' . '''"''' .... 

We represent the wave function of the pion-nucleon system., <P (')(,')'). ·( x - are the nucleon. 

coordinates, y - are the pion coordinates ) as a sum 

( l ) 

At the same time satisfies the equation 

. ( 2 ) 

Here ~o (,r,y) Is the primary wave, p c~·J) · is the contribution ofthe renormallzed diagram 

which may be divided into two parts connected only by one nucleon line ( see Fig, la ), K ·and K 
11 c. 

are the renormallzed integral operators. The operator Kw · represents the · 1l1T interaction (diag-

ram Fig. lb ), the operator K, · gives the contribution of all the rest diagrams (see, e.g. 

Fig. lc )*, 

If we divide '{. (lC,y) into two parts 

( 3 ) 

* The theory of Eq. ( 2) Is developed by N, Zlmmermann121, We give It here In s~mewhat changed no~atlons,, 
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. where 'L· ("'t y) is due to the core. scattering and ~atisfies the equation 

, t~ tll.y > := <P,~ c~,y) ~ K, 'l' c,r.y). (4) 

. - ' 

Then the wave t-.c..i,y) is due to 11n • interaction and satisfies the equation 

'1-.t co~.y>= K11 '{~ ,,,,y t K, 1n &.,~) + K11'l 71 f;..·.>'). ( 5 ) 

In this Eq. the second term represents the diffraction on the core of the wave scattered by the pion, while · 

the third term the reaction of the wave scattered by the pion. Therefore, the main term will be the first 

one, and, approxim~tely, one may put 

1.nb·.y) =: K,..·~,t~·J), ( 6 ) ' 

. At high energies of pion the influence of the nucleon.core can be approximately described bythe op-
.. . ' 

tical model. Therefore, 

r("'J) +'t .. ('ll,y)= <f>G()I,,) + + ... <~y). ( 7 ) 

where <P.t (-Jc,y) . is the wave of the diffraction scattering. Thus, our task, since we are interested .. 
only in the influence of 11 n interaction, reduces to the integration of the expression 

1\• C..r,'J> =' 1{11 ( ~·01·>') _:,: 4> .t c.,.,y) - r <"·'1>). •,: (• 8 ) 

The similarity of integral ( 8 ) and the Feynmann's one allows to determine approximately 'tw ex, Y) 

in terms of the corresponding Feynmann integral, if instead of an incident plarie wave we use the wave 
' •• ~ : • : I ,' • • 

distorted by. the core · c/> (~,y) 't 'f>c~'"·Y) - r<x,;f). 

Thus, we get from ( 1 ), ( 3 ), ( 7 ) · · 

cf>t">~t:l)= q>"cx.y) ""cjlo~Cx.y) -t ~11,<x•)l) + 111 ,lx.)')-t1 113 l,c:)l).. ( 9) 

· where '.t• t><•y> = ct,• C><) ot-: L)l) isaplane incident wave, while 

~ ol (x,)l) +-. 'ln, (;,<,_;:,~) -t 1-n-~ lx.y) 1' q.,..l I>'•J) 

Is a scattered wav~. At the same time 'tn, (·h":J) ' 1 77• (,_, :J) -' 1111 (~, Y) · 
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are due to the terms . <f>·()c.y) , cPJ()I,y) I r {lt,'j) respectively (see ( 8) ). The dif-

fraction wave cPcf (~1'1) . in the pion 'and nucleon center-of-mass-system, in accordf]nce with/3/, m< 

be put as .... , 
...1..· • e-i~llw-lfr.1•J(:; 7 ~ E ... )y /fl.--~ { J .J 

"'t'd(,c,)')= 4t: . s .~- .. ,..- J )t-11. l_l-!'llf> ~" "'J 

( 10 ) ' 

lll -· is the nucleon mass, . . JA - is the pion mass 1 · 

is the scattered momentum in 
the c.Ip.s., r, = ( o, o, p) is the initial momentum. E,.. = J /' .. + ...... 

-fro= j , ... ,.,..... tA'f<: y J.'/IJ.f -the integration is being made over all the. 

plane $ , perpendicular .to . f. . ~d passing through the center of the core 

at 

at '-o=' the radius of the'core 

At r~'R. 

e is the angle between the directions 11 and , it coincides with the direction 

The calculation of the first integral in ( 8 ) · leads to the result 

.. 
r . 

where tr is the spin index, 1r isthe relative vel~city in the c:m.s.,. 8 is defined as before, 
whereas ,.. 'l, (~) is equal to · 
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where 

6 

·, J'j' "" 1: ( ;) ;;,; : "',_ )( >' '1. ,L,. d)' 
.. L. ,,., ;t"'-x)lr .... -t"">' ... ""'.,_-t4.(1-x)(Y-''1.,_)s;" .. ~ p1

, 

' d_rr . 
~n2 Cx,)l)=- Z.' 

r ..-=il 
l 

3 
"1'~> g;;; i_ ;. ~; Ao l"'"rcr 1,. (O) .v.y) · 

' •. Jt J-tl I J1n 'JRo( I , :yy'<..o.9'._.,.'\> 
miz.(9)= d'f' .1.t-<4S&) J+ · ~,Lf,..l,(':X)f.12. X 

-:!I _, 0 0 
L 

. ( 12 , • 

( 13 ) . 

X 
(- p '01~1 - pY~Yf ~:..O'c:.. .... - f7 1 '13 ~: .. 9

1
c.n.f

1 
:- p) 

2 (2tr) .. 
[1- .alr>J] < 14,: 

Here X is the angle between the directions 
..... 
r 

are identicalfor <t> .l '"•7> ·, 1;rr. ("<)') , 'lw~ (>< ·Y) 
and (0', 1'). The time depending phases 

and we omit 'them. 
I 

Neglecting \n, t'VJ) and hl (.,c-y) 

( spinor ) . 

; we obtain the exoressions for the scattered wave·,. 

ipt" .., .,. - . " - ] 
~- [A9 ('Y·P-~t.,.-W~)Y1 r.tf1 -t'I BI,(9) (~1'..-·IAy;) ~>~y:,. 
r CT=;tJ ... 

A ., . ..1..·J :f'Y~'i'""" J.f-, I: -S2lf'J]· 
. 0 411 .... . .1• 1 

s ' 

j:::L.J."L).}_ 
-leo ~ qo o <glJl 

From here, for the differential . scattering cross section, we find. 

( I ) ( J.<T") t:tfT - - 'T 

. Jn_ "'A.S ~- .:t.n. .. J;{(.-1>\ (;;) 
TT· 

1·, 

( 15) 

(16) 

It is worth while noting that the interference terms are wholly absent. After averaging over the ini-

tial polarizations and summing over the finite .'ones, the cross section (~) is found to be 
ci.n. 1f, . 
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(~)-Jtt. 11, 

( 17 ) 

In the following table are listed the values ((;;;) ) in the c.m.s. for the momentum of the incident 
v ~. 

meson r~b = "· g Be fc. 
24° 

(.:lcr) . 
- " · 2.,'\l.. . ·I,"J4 &.SZ 11" ~ . . . 

· 1 ~tLr . . 
It was assumed that the:renormalized interaction constant 

*' raction constant \ ~. \ is equal to 411' 1C o. '3 • 

~: /4-1f ,.. 15, whereas the pion inte-

Iq Fig. 2 the calculated:cross section is compare~ with the experimental one. 

As is seen, · (:~)tr, increases for forward scattering, but not at all.so sharply as the experim-· 
mental curve. Further, at fl<al> - 6.8 BeV/c, : (4-f) . ·!~~-much smaller th~ the. experimental . 

value. In general, at 

at G :Ito. 

. ~~ . 
. I ·cAcr) . decreases as ..L. at 8 = D I and as ..L 

\AJl. 11 • . . P" P4 

Hence, for high eri~rg~es ( ~ . 5-6 BeV lab;s.ystem) the contribution 6f l1Tf 'interaction to 

~lastic ·11 N collision is riot great _and within the 'exp~rimental error I 41, 
. . . rp...'/ 

The contrary is the case for smaller pion ~omenta f.t.No ~ l rv2. 7 • For ins~ance, by f~:= 

=- 1.1 BeV/c; (1-[)~,,IJ:c) ."V lO.mb. At the same energy the experimental value \ .· 

( J.~ & is less than 10 mb/steradiail. It shoUid b~ concluded from here that the role of n n :in:.· dSt}..-f, =o . 
teraction in elastic 11 N scattering at l'.t,.l> < 1:-2 BeV /c is very appreciable. 

Consider now the importance of some simplifications we made. First of all, let us note that if in the 

core besides. the absorption there is a ;efracti6n! ~~en the. quantity { 1 - .n. <.f:> J would have an imagi

nary part. Under this condition the interference term in ( 16 ) would not have·vanished. The estimates 

have shown that if the imaginary part r l ~ .n. u ) J amounts to S% . of the real one I then . ( ~~) i ~t'uf 
< 0 . 5 mb/ster. ( at 6 = 0 ), .t~atis also very small if compared with the scattering from 

the core. 

Further, we neglected the waves 

then the scattered wave has the form 

\ 

ln .. c~. y) . and · ,,.1 buy). If we retain the term Cf_,& (><;~), 

* This ;.alue Is given by Mandelstam and Chew 'tor low energies. If the momentum of the lnoldent pion In the 
lab,system Is equal to ''6,8.BeV,.<o, .then In tpe. rest system of the'lncldent and virtual pions the.momentum Is only 
680 MeV/o, ~here fore,. It seem~ that the given value of 1)1

0 
t can be used without a large error ( see 2,4 ), 

'·:• 



:yr .., .. ) , (- \ ) J · e [A (i"t·p -'1,. E..,_.,. 11 \A9'. +Z. B "'f;.)l-1(0)+1.,<9> "'"r· ~.t:tq... r e · " Jl (1'""t.i, . . . ; , I r 0 ( 18 ) 

To estirn ate the influence of 

thtm· 
1,(&) we put .a (y) = 0 , r ~ ~.. and !2.(f)=1, r ~ \lo 

,yo lolr 

I :a. tG)"" s d (-(..0!1> 3) J liq>' 1, ('X) ~·0 1, ( r Ro ~ .. 9') X 

o s.·,.. e' 0 

X 
I '1 ,, 1 . , 0 I I ) 

(- p.c'l & - 1' • 7l (;., 6 .... '\of - f'7 • '13 ''"" ._, Cf - 1' ( 19 ) 

811' 

( :X -is the angle between the directions (&,cf) and ( 8', Cf''} ) 

Since 

a). 1, ('X) has the maximum at 1' .:::o , cind decreases rapidiy when X<\' o , 

b) IJ, (p ~t.s: .. &',l;{ .. 6~ has the maximum at f>'=o . and decreases. rapidly when e'~ o 

'then it is easy to see that II..{ B)! · = 1 I co) 1 (if & =·o.. 1 then · x = &' ). and rapidly 
, • . ..... J( . .. 

decreases when e deviated from t> :::: 0 • 

The value · lt'l.(o> 1 in ( 19 ' amounts to rov o. 4 , 1, co) 
I . . :. 

l'l4., = ,6,8BeV/<:) and the sign of l--,.co) opposite to l,Co) 1 i.e. 

( for· 'H0 = -;.?.!_ ,...c and 

l - r''' &' - y((0$9+•) / 
m. 1{o)- )

0 
d · 

4 
114'1,(9~ ~oj, Cr!i0 S.•hG) ~ -o.s 

.,;. I, (o) -t ""1~ (") """·7 ( ~ ' ..,:tJ.. ) 0 .::= 411llo.3, 1\,. ... 0."1-) 
\ ..,.., . 

In this .case the contributia'n of Tl' 1T interaction to elastic 7(' N scattering is 

( J.IT) . · . = -1- 8, {I,(o> .. l .. to)),.{(I·'P9);"'-tl.,..:a.]911 ~ "n · . . ;a." ... . ST"- ... "' II •11 8::.0 elM ' • I &., 

i.e. with account of q,..~ (?t,'j) the above-mentioned conclusions do not change. 

For the isotopic state .I~ 1-. 1 • p '", ~':)::: 0 i ·whereas for T = -f 1 , f (,c', y):¥ 0 , 
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The module is somewhat smaller than <t.t (~,y) . Hence, the above conclu-
' 

sions for elastic collision also remain unchanged with account of the influence both of ~,. ('IC•)I) and 

\ ... , ,,,,). 
Thus, it is confirmed that the contribution of 11 "'f interaction to elastic TN 

an energy of ~ 5-6 BeV is not great. Therefore, from the data on elastic 1r N 
energy of pions It is difficult to d~termine 1l'll interaction. 

2. Inelastic Collision of ,. -t N _,. N 1' 1 'R' Type 

-.scattering at 

scattering at high 

Now we show that the contribution of ""' interaction to inelastic lf N · scattering is not small 

and may be used to obtain data on 1f'W interaction. 

In order to take into account the contributions from different factors at arbitrary momenta of final 
. . • . ' ... -*' ·~ 

pions '\~ and ,, we adopt. the representation similar to Mandel~tam's (see Fig. 3 ), . 

s =- 'l>··"t) ... 

·1- ~. <y-p'> .. 

s - - <1-)>') ~ ( 20) 

·i.e. we consider two finite mesons as, a single particle with the mass m l'l•) • ,For each value of )1'(. ~ 
different t• .'\ .. ('\•"~· == Gt) may be possible. 3elow are treated the matrix elements as functions 

of the variables s . t s , at any fixed values of the other parameters. 

Here 

( 21 ) 

when ll't1 is fixed, then only two of s ,· s , '\. are free;· We know from dispersion relations for 

/1 ( ~. s, -t) ( one of the invariant parts of the amplitude of the process shown in Fig. 3 ) with 

s := const 1 1. = const and ~ = const that A B.~ 1 t) has three poles : t = ./",., 
~ = .... . s ..; "'.. and the cuts t ~ 41 r-a, s _':1 ( ,.,..,,,s· and s. ~ b .. -+.,.·)". 

Thus, following" Mandelstam,. we suppose that is representable as f '>llows/5/ 

*Here we have neglected. that diagram, In which the nucleon firstly emits a plon,.then absorbs the Incident 

pion, and finally emits anothor pion, But the contribution of th,ls dlagrain Is of the same order of oontrlbutlon of 

pole S • ·ma. , therefore It Is small (s.ee below ), 
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A - .. ) d ~ "' (s, s,'" ~ -;- -+ --;- -t--;-=: T ,_,..-t '101-S lt'-i>· 

00 uo 
+ {~ J f , ,Ai,J (~'.t')At'Js' 

( t'- t) ( -;"'- $) 

.L. t r A If <t~s').lt' .I c.' ( 22 ) . 
"'"· tr• J J (t'-t)(s'-s) , 

,,.. .. c ... ~,.., .. 

.,. . 'JI>tl ~ *· r ·. (,....,...,. ( .... ,...,. 
·A •• ,~·. s'> ,u.' Js' 

(5.'- s)<r'-n 

.,_,.. ( ... +,..)' 

where the spectral functions AH ('s', t') 1 A.ar Ct', 5-') • A·~ (s~ 'f'> do. not vanish only 

intheregions (t'">1J<", ~'><~r~-t!'~) '· (t'::i1r•, r.'":? '"'.,.,...J•), .(s'>c .... ,..., ... , -r'>c-,..>"') 
respectively. 

From ( 22 ) . ( when we . is fixed ) 

?4 , ' 

A cs.s,t>=,.!;... .,...:f._ ..,.1. ( .dt' OtJ(t-~s). , J04 

_, """ . . .,...•-t ,.._.. '1T J , - +- d!. :II> • t'-t , 1( .,,... .. '. 
. : . . . 0.+}") . 

Ot, (i:"'.s) 
_,.-" 
~ -.s 

'where 

•,· 

... 
OL 1<-t'· $) ... :it j J.s! 

An (t', )'> 
\'-So 

H"- \"'~'->"'~ t' 
- -i ( . .{s, A .. , o;~ ~'> 

j S'··.S 
{M-1)")1. 

,. 
Ot .. < s', s), -=l; J d.s' 

(Joo+}") .. 

A.~<~·. s.] 
s•- $ 

-oo 

·.H.~~ ... ·-s' 
'""''i j. ..ts' .· An ,u:', t') 

• 5.- s 
-uo 

Eq, ( 23 ) is just the dispersion relation for A (s. s, t) 
. . In the c.m:s. the kine!J1atic consider~tion yi~lds/6/ 

.,;, 

p·-
l'- (,..,..,..., ... J( s- '""_,.., ... ) 

- '4s 

1"'= (s- c .... +m)')[$- <"'-m)'J 
4S 

·, 

... ..... r= 1 rJ .q'l' 

f"'lfl":"IGI 

.with fixed 

( 23) 

5 . 

( 24 ) 
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( 25) 

• ~ 11;1 cos 6 e is the angle betv,:een p{ a~d f, It is seen from here that · 

possible values of Jl't~ lie within the limits .~_..· ~ ma ~. ( .rr - ')o\) a - ( e ~ ... ) .. 

~ .., the total energy),: i! lies in :.. 1 ~ -.: ,~ I .. 

We see from ( 24) that p'""o when 'ma= (t:- )t\t. Besides, at definite values of s 

and m, the physically possible t lie within the limits 

t,• t ( 1-1'- s . .:... 4rr' -

(104~-')'1'(~){101"-~~)) 

' 
("''-'ln')(,.. .. ..:)4') )' 

$ • 

(.~r:l) 

In Fig. 4 two extreme cases.with 'l7t 1 a(~-,..),. and lrl'""4}', are shown, when 

s c ( 26.6 )2~, • 707.6 JA" (the pion momentum ip the lab. system is !:!:! .. 6,8 BeV/c ). 

It is seen if · ?n:" 1 increases from .4 i',. .. up to ( 'E ~. '" · )" 

a) the lines r.,..•-.4M ,.&•" and -s. c root_..)•,..., are gradually displacing to the right, 

b) the physically possible interval ( t, , t.. ) on the line s • 707,6 !Al is decreasing 

graduallyfrom ( tr~ -.0.26 ~""" tliS: -612.4 !A" upto ( t 1.s' -100.11'~ 
t .. ~ . - 100. 11"-J, J 

c) the distances of the interval ( · t, , t 2 ) on the line S.const . from the poles and cuts are 

gradually increasing. 

From here one can draw the following qualitative conclusions: 
. . . . . 1-

a) the main contribution is in the region of the value of m not very far from If p. 1 , and the value of 

t -not very far from . t ••1-'-\ !~deed, the closeness from the pole 't= 1-4"' makes it very 

probpble that ~' has the backward direction ( . i. ,. I . . ) ; · 

b) the next important contribution is made by the cut· t ~ , !A" 1 which gives the contribution essen-

tially to the scattering in the backward direction ( -1"' 1 ); 

:· 



12 

.. 

c) the contributions of the pole 5:::: ~ and of the cut s ·::?-- ( m"' ~ i' are very small, i.e., the 

probability that - r' is directed in the forward direction . ( ~ ~. - 1 ). is very small. 

We can also see from Fig. 4 that the smallest values of the denominators of the terms of the pole 

1= y · , of the cut t ~ q ,~ 1 of the pole s- ""'" etc to Eq. ( 23 ) are equal to 

1-t-Jllr~l ~ \i-'1,M-:.),..,\o, ~~-~ ... lrd'o etc,res-

pectively. 

Therefore, for the first approximation it is su~ficient to take into account the contribution of the pole 

t ;:::1 r'l. only, i.e., 

< .f Is\_ i) = <'2;~: f 1"< p .. 't- p'-t,- 1 ,.): 3• ( iAf "Yr ~•) 
( '1'1', '11',.\ T"lf') 

(r'-r)" ... ,. .. i v.J, w2 w 

After summing over the finite nucleon polarizations and averaging over the initial ones, we get for the 

cross section· ~f't.l~ N'-t'~+lla 

a- .:_ 1: I J~4(. . , ) /( ,,. 
lf"'N-7,..Ht•>fa- ;;;;r- ~. 0 r-t'f~ J' -'f,-'{, 7i'."':''lllr') X 

,.,., 
,.: ...L pDp.;'- pp''-cn 9 - ""',. _ tllp' .4J1,..t1q. 

r-r·' [ .. y.y.'- ... rr'~!J -ltoo."" ... r3]~ w, w. IQ 

p. Po is the momentum and the energy of the initial nucleon 

p~ r: is the momentum and the energy of the recoil nucleon 

VnJ is the relative velocity between the initial pion a~d the 

·nucleon 

4\, .... ,; 't,.,.,..;a are'the·~omentaand'theenergyof final pions 11,,'1la 

IIJ · is the energy of an incident pio~, 
"PP•J't are the nucleon and pion masses, 

e is the angle between 1 and "F , 

('lt,'fla l'lf'lf1) resembles the invariant factor ir: the matrix element 

In c.m.s. 

~"lf,11,.)Sjlf'lf'";> =. ~4 
('TloTtal"t11f') 

4 ., , A"'"' w,~'~l 

s.+{<t-4-1'-1•- 'h) 

( 26 ) 

( 27 ) 

t· 
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We'shall consider the amplitude ( "11',-rr~ I "lf'll'') to be cohstant and later on discuss this assump-

t!on. Under this assumption we have: 

\ ('Ji, "'·''II '11~) \ .. j,_ 4 /A .. ' 
.... (-e-p:> .. _ , ... 

where 
. ~ (p'J l ,_ .. A/" 

= ·~t . f (o) (t; ",:,·- r·• . 
. ( ., ' I ) •<r <r ... w 

and suddently falls down to zero at r' -~ r:..,.x . ' \. . ~ 

-t~.~~ = ti .J (t ,..,.u,J"lf £~ ... ~,..,..HE-;."' t':a.J'H'E- ... -a.-.) 

From ( 28 ) it is possible to show that 

\) ~ .. ,j,..~•-tn,tll, 
~.n.r· 

( 29 ) 

"' .· 

has a sharp maximum at · 9 •· o - 1:e., the recoil. nucleons are directed sharply in the backward direc-
, ... ~' ' 

tion. F~;U"ther, 
2) the distribution of the toted .... f' 1 

. in the 'IOJ c.m.s; 
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--' 4""' _, l ( I .. . . . 4 "' . - ,.,. I p=- [ ' .- .. . . ·. .. 1 
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> 

has. the maximum near ~· ~ p' .... " ( see Fig. 5 ). (.If we take into acclunt the contribution of the 

cut t > q}'" , then the maximum of the distribution in Fig. 5 will be somewhat displaced to the 

left ). 

· 3) The distribution of the transverse momentum ofthe recoil nucleon l~ is expressed by the for-

mula in ~ irN e,,..,c, . . 

acr · 'I( 1 ')}~ ... u .... , ........ - ~· 'ft,'lb ,~ -_~1 )( 
foW llf~ - ~111~ II. 11~ 

. f:'i~- '"' I ') 

j,u.,..., -r.L rt (p.r:.;.. lr& _,.. 
- I • ""'a )( _ r. < .. ,.,.:- •rr-~: ~,... ... ,.. ) 

~r·• - .• - ,..Jt~ T.a. ~ 

l I 'I. ·,~ I~ ) 

,. ... ""' 1'h 

( .32 ) 

"''~ 

The transverse momentum _of_ the recoil nucleon f~ correspond!~"' to the distribution maximum · 

r' ~- 330-350 1-faV ( s~e o1 11. almost does not ch~ge' ~ith the pion energy : 
.1.. ort c. 

the distribution curves in Fig •. 6 ). 

4) 
. equal to 

The total cross section for the. reaction 1T+N- t.l'•n,-t-11,.. · , according to ( 2S ) , is 

( in. the 1ifl c.m.s. 1: • . ~ ,., 
"I 1• J r,.a• .. _ '· l'r .... ,,.,•) 1 r' 

(1 •• " .... , .... , .... ~. = - -
,~.,..,, • b """ r·~ ,.: - ·o 

J ... ~ 

1 4p' . 
I- . ~ ~ 

l~<- r:l - r' 
)l 

I l ·. . r . .A" -

f 
··· · · · ·· 4 r' · ). · • · ·· · ·J 

X -'rr' or ( , ... L•P.P: -'lrr'-'l. ... • .. ··)l"') - '·· "·-~-·~ ..• , .. .:. ·-~-·: ~y' . ( 33) 

!! \t"'l,v,ln'W --'- ll o,f" - . 

(momentum of incid ."If ' ~ 6 8 BeV . t•" _. c 
t.a._,J 1 t. v~~~ ~.~ 

In this integral the main contribution is from the region p' near r~A" . Therefore, it will be 

l 
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:or-

.mum 

:ee 

is 

) 

e 

··-·--- - ··-- ~-·--·--·-··. 

2 reasonable in formula ( 33 ) to take the value of I( T, 'Ill I 7lT' )I corresponding to 

r'::r. r~ . This corresponds to. "flf scatterlnqwhen t 1,1- 1"1:· .I, JI-L I '\'I~ 0 

in the lab. system, or Itt\ = I~· I = 680 llu~ VIc in the center-of-mass system of 1f and 

11'. 
Further, 

( in the c.m.s. ) 

(.34 ). 

( considering·. I ('M'- bnr') 1... to be independent of tne angle). Therefore, the · ratio of the cross 

sections <T'w•'rl'~fl'.~t;,. / r,.t11 .,·.., ... "',-t 11, when themomentum of the primary pion·is 

~ 6.8 BeV, is found to be equal to 3. 

On the other hand, the cross section for P.1 ~.t,.Pc:.: ( ~ 140MeVIc)turnsouttobe 

:: '(f'.a.~_.,.c.) ' ·. 
<T"' .. "' .. J''~w,'t'wa 

when the momentum of the primary pion is :=: 6.8 BeV lc, . 
. . . - there fate· 

According to preliminary data the cross sections for. 1r~p inelastic scattering for all final chan-. 
(f.L .. )",) 

nels is "t·r ('t~A) ~ ,.r Jl"., * ~tno:l · cr.-" (htal) ~ 2., "")fb ** . If 

_cr'w-.. r~l\1''11 ..... ,.. 11" 41 o-,-.. f~p:.-~·:..·;;;-~~ 2,;;·;J.·-~-, (-t.t411)' i.e. it . 

(J'..l ~I'') .,.,. .... , ~ ". :.,. .. .,. ... ,. .. J.· ,. <?.t.ISJ"<.) . . ,...,1' ~ ,,.,• .. n- 'iit D. s-.. ,. ... 
then the cross section for elastic 7il' scattering cr.· • ·· ~ _ 

' ll"'f'll~- ........... 

is 15-30mb • 

(Taking · ). = 4n 1t o.s . ~d using the methOd 'of the pertUrbation th~ry. we also get 

in the same order as This means that r,.-r u.....,,,. • 

.* According to the measurements ln. the propane cloud ohainber In the meson be~m with th~ momentum e.a BeVfo 
The private communication of Wang Kan-ohang, Lab. of High Enerales, -· JINR 

** Aooordlna to the measurements In emulston0 In the·meao~ b~~ with the momentum e.t BeV/o; The private 
oommunloailon of ~.M. Lebede~. Lab.ol Blab ED.Uaie.S;.zJNB .. . ' . ·. ·. ' ' . ., 

•".·';-
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~" 4Y 1 o,, is correct in an··Ciraer for the given case in section 1 ). . . ' . . ~ ' -

Note that if the factor 

( 28 ), we have 

,,1T,Tt.l-rrn')r is not consideredto beconstant, then instead of. 

,...Lo;,'I, 
.... (ul·,,v1111 r·"')--;: 

~.,.:- ff',n&- ,.,.,. _ - I 

('-r•rp- 2 ff 1"'~9 -z ... '"t,...a )~ f (f'·O'J J,f, 
( 35 ) 

u~<~N ... ,., ... ,., .. .,.. 

where 

.. f'<p! 9) _,...;:; J I (7r.-rr~ J rr'1t'>l .. ,~_·(r..-'t -p'-'l• -"ta). ,i''l• ..,c-s.'t .. 
• ' - > ' ~ .• • 

( 36) 

In this case the conclusions 1), 2), 3) remain correct. Indeed, f lp') in ( 29 ) is the first 

approximation for ·· F' (y 1, 9) in ( 36 ), ·the conclusions 1),. 2) and •3) are mainly determined by 

the factor -'- · p,y.'- · Pr'us& - 1'"1.. and are not very sensitive to fC.f'J and 
\,I l 1 I , 8 a. ) S. . r• z PeJ'o -2 r p "h -;t.,.. ... ,.. 

to F' <~in. 

It follows from this consideration that if we also take into account the processes of multiple pion 

production in pion-pion interaction corresponding to diagram in F.ig. 7, then the conclusions 1) and 3) 

on the distribution of the recoil momentum remain ,valid, since· they are not sensitive to the vertex of · 

JT1i interaction. ( vertex ..lo ). Besides, in this case maximum of the distribution of total recoil mo-. ' \ ~ 

mentum in Fig. 5 shifts further to the left according to conservation laws. 

We have also made the calculation of the transverse recoil momentum of the !\ -particle for the 

process shown in Fig. 8. This. diagram gives the momentum of ~o :sharply in the backward direc-

tion; At the same time it t!lrned out that the transverse momentum is found to be.too large for the pseudo-

scalar vertex ( A~ N K ) ~d t~ l~w for the scalar one. For the mixture of the pseudoscalar and 

# .... 

( 

scalar type ( I :t "is- ) when the momentum of the primary pion is" 6.8 BeV/c, r" .. is found to 
.Lopt 

be ~ 413 MeV /c, whereas the experimental value _ f>J\.1 oyt ~ 4\o -;t. 4~ T"~V 1t 

J P'~ , .. 

J ,..,..x-f/11 I J ~ (,... ...... }A'") 
~cr - I- ')( 
- V'- "a 'l. ,.,. ,, 

a r' J r', ... r·· ~ IK'" < 'E ':"" J,.,.. -4- r·' .. ""~') - < r,..~. ... v "1) 
IIJ. tiJ. ~~~ A Ill lie 

-J r:: •• - r~:.. · · · · · · 
P• I r., .. + o•• .. ')( . If /41. •. I~~~ 1-.JOll\. 

I J . I . ll ,.. , - . . , .... Yo p -t .,,a. +JOO" - ~ f 
9

•.. "- ... ., ·)1 r,..,_ & fH - ( 37 __ ) 
AJ. 'J\) /1 JAl _,.. _,..II -t '"'11 . 

* Ding Da-tsao, Private oomm·unloatlon •. 
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where are the masses of the nucleon, /\o- particle, K-meson and· 
fl' meson ) 

( 38) 

yo and E · are determined as earlier. 

In Fig. 9 is given the distribution f~.s. in the generation of 'flo and · 1< · partic:les. Note . · 

that the interactions of the type I :1:1.r will lead to.the polarization of . 1\0 particles . . 

Summary 

' 
1. The contribution of ltlf interaction to elastic pion scattering on a nucleon at the pion energy > 

Q 
S;.,_ 5-6 Be V is not great, it is essential at an energy of ~ 1 - 2 Be V. 

~ • 2. Iri the same region of pion energies ( > 5 -:- 6 Be V ) the contribution of 1t1t - interaction C). 
~ to inelastic pion scattering is quite appreciable. From the preliminary data on 1f..,. Ill ~ N' +'II', +"'f .. 

pr,ocessone can estimate the cross S!?Ction for 1tn - interaction to be. ~ 15 - 30 mb ( at momentum 
:::: 680 MeV . t 1fw ) - -c m c.m.s. o Jr 

3. The transverse momentum of the recoil nucleon in 11'N -collision is weakly dependent upon the 

pion energy. In the interval 7-1000 BeV;c, J'J.opi ~ 330-350 MeV/c. 

.4. For the generation of f\
0 

·particles the transverse momentum of the N' -particle is in 'agreement 

with experiment under the assumption that the vertex ~ A~N K ) -interaction has the structure (I :l:'ft-). 

In this case one should expect the polarization of the generated /\0 particles. 

The authors express their gratitude to Kim Ze-phen for the numerical calculations. One of the authors 

(Wang Yung) thanks A. V. Efremov, Tzu Huan-yuan, Chou Kuang-chao, and Ho Tso-hsiu for helpful discus

sions and valuable advice .. 
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