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Considerable theoretical interest has been shown in the interpretation 

of' the l.owoene:r.·gy r.f"' "'P scattering data.. The major e:f':f'o:rt bas been directed 

toward a convenient pare:tllEilte:rimtion that takes into account the kinematic 

features of the many competing channels (I(" + p.., if + n 1 ttY) and the 

"stand.ard"~-couJ.omb and mass.,difference eorrections91121 314 In attempts to 

draw conclusions about the nature of the basi~ Komeson nucleon interaction; 

the assumption has been made that k cot e is essentially constant and equal 

to the reciprocal (complex) scattering lengtho We have examined the validity 

or this approximation on the basis of the Chew~Mandelstam programo5 We found 

that the twoopion exchange, which determines the long-range tail of the K~N 

interaction, gives a substantial energy dependence to k cot 6 ., 

A que.li tati ve determination that remins to be made is the sign of' 
. . 6 

the real part of each {I = 0.9l) llMJattertng length" Two attempts to do this 

* This work was suppo:!rtled. by the Ub So Atomic Energy Commission, a grant 

from the National Academy of Science (FoFo)i and the Uo So Air Foree, 

and monitored by the Air Force Off'i~ or Scientific Research of the 

Air Research and Development Coill'nle..Thio 
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have been based on properties of the Coulomb=nuclear interfereneea The angular 

distribution at 172 Mev/c (laboratory ... system momentum) favors a constructive 

interference7 and implies a positive signc The other attempt is based on the 

.apparent leveling off and decrease of the elastic,..scattering cross section 

with decreasing momentum {PL < 150 Me'o/c)o Jackson and Wyld have suggested 

that this behavior :ts due to destructive interference a.nd consequently 

concluded that the .sign is negative" 3 The energy dependence arising from 

the two~pion exchange provides an alternative interpretation of the leveling 

offo This can be seen qualitatively f~m the folloWing argument: by virtue 

of the small pion mass (compared with the K meson mass) the two~pion exchange 

determines the longest.,. range part of the K"' ""P potentiaL This suggests that 

we :regard the nuclear interaction as made up of' the two .. pion contribution 

plus another part of short.er rarige ~ representing the net effect of everything 

elseo The peculiar energy dependence is interpreted as the destructive 

interference between the tvo parts 6 Knowledge of the sign of the two., pion 

contribution then leads to a determination of the sign of the scattering 

lengtha Recent advances in the theory of the pion~pion interaction8 and of 

the electromagnetic structure of the nucleon9 make it possible to calculate 

the sign and estimate the magnitude of the two.,pion contributiono 

From their theoretical study of the nucleon electromagnetic structure, 

Frazer and Fulco9 have inferred a resonance in the I == 1, J = 1 state of' 

pion"'"pion scatteringo Quantitative conclusions ·Q.re still uncertain, 10 but 

it seems like~ that the two=pion contribution accounts for a large fraction 

of the isotopic vector charge and magnetic momento On the basis of their 
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results, we suggest that the charge structure of the K meson also receives 

a e:t:table contribution from the two .. pion state" The eonsisteney ot this 

hypothesis and its consequences for 'ltK scattering has been studied. 11 This 

hypothesis provides an estimate of the order of magnitude of the matriX element 

fOr emi.ssion of' two pions by a K meson ( 1tw I KK} o Using this estimate, we 

have ca.leula.ted. the contribution of the two=pion exchange to the K¢>nucleon 

interactiono (The details of this calculation will be presented in a 

separate reporto) 

We denote the s ... wave 'K ... nucleon elastic ... aca.ttering amplitude by ge 

It is an analytic fUnction in the cut s""plane ( s is the total energy square · 

in the i{ .. N center=of .. mass system~. The physical branch cut starts at 

2 
s = s0 = (~ + ~) and extends to +00" There are otl'ler 11r1ght .. hand" cuts 

starting from the thresholds of the dynamically coupled channels, {m + MA)2 
~ n 

and (m'lt' + ~)2 
" Tbe unitarity condition, which estabUsbes certain 

nonlinear relations between the amplitudes gij of various coupled processes, 

is expressed by 

' 
(1) 

if i 

if ; 

where k1, E1, and w1 are the center"'of ... mass momentUll'l, baryon energy, 

and threshold energy of the £th channeL The dynamical singular1 ty arising 

from the t,voc.p:ton exchange is a branch cut extending from the lett up to 

. . tf. 2 2 t! 2 2 the point s = s2 = I ~ .., mu + V tr;( ... msr * Relative to the 
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other dynamical singularities, this cut is very close to the physical region 

s ~ s0 , and should produce the strongest energy dependence in k cot 8 o 

We denote the elastic KN amplitude in the state of isotopic spin I 

by gi , where I = 0, lo These two amplitudes are related by crossing 

symmetry to amplitudes g( +) and g( ... ) that depend on the isotopic spin 

I u = 0, 1 of the exchanged pion pair, namely 

0 A+) (o) 
g = s - 5s 

(2) 

The magnitude of the discontinuity across the two~pion cut is expressed for 

our purpose as 
s . 

J
2 

d.s Im g(~) (s) = R
1 

~ 
sl 

4 
4 Mw fermi , (3) 

where s1 is approximately equal to 8o mn: 2 
o Assuming that only the 

resonant g(=) amplitude is important, we have three specific predictions: 

(a) the isotopic spin ratio Rc!R1 is ... 3, (b) the sign of R1 is positive, 

and {c) the ex:pected. magnitude of R1 is rather large .. 

The normalization of our amplitude g is given by its relation to 

the Ka.N eleastic scattering phase shift, 

g(s) - F (E + My{k cot a ... ik) 0 ( 4) 

In this note we use only a very simple model in which the effect of the 

two ... pion cut is represented by a 8 f'Unct1on at the positions= a= 93 m"2 
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in the amplitude go The dynamical singularities in all other channels are 

represented by subtraction constantso 

This model, combined '!tTith the many=channel un:t.ta.ri.ty condition, 

Eq9 (1), leads to the following expression for k cot 8 

k cot 8I {t(s) 1 .) -{S (E + M) (5) = + :r
1
(s) } + 

• .J 

'-There 

s .. s 00 ds 0 _Im( g "'1) 11 a ... s
0 CD dso Im(g'"'l)11 

.e( s) - 0 p f J 
1t so (so "" s)(s 6 '"' so) 2( s

0 
(s~ ~ s0)(s' ~ a) 

1 ( :::: -
1t 

1 
s "" a 

1 

and zi is a complex quantity which depends on the subtraction constants and 

on the slowly varying rt = Y center=of.,.ma.ss momentao For each isotopic 

, 

spin channel, we approXimate z1 by a complex constant& l,J2 The calculations 

were done by adjusting the parameters Rx and zi to fit the at~rest 

branching ratio 

a b (I = 1) a a 7 

the total cross section at 172 Mev/c (k "tot/41r = o. 7 fermi) and the 
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elastic and charge-exchange cross sections at 100 Meyc and 172 Meo/c. 

destructive Coulomb-nucleu.:-c intcri'c:l'Cmee in tlm .:m~_;u1o.:c dh.rtribution. at 

172 !.1ev/c (Table II). The cJ.o.st:i.c and cllnrge-exchanc;c cross s.ections 

reGultinc from the 11 constructive" solution are shovm in Fig. 1. The energy 

)
..,1 

dependence of ( lt cot oi is shov-m in Fig. 2, v:here the (a+) solution of 

Dali tz and 'limn :ts also reported for comparison. Note that only the values 

of RI and the ratio R/R1 given by the "constructive" solution agree 

t>Tith those calculated theoretically. From this consideration v.re reject the 

11 destructive0 solution. Our principal result is that k cot or has a rather 

substantial energy dependence due to the t;vo~pion exchange. Fi&'1lre 2 showo 

that Re (1~ cot oi) is positive for each isotopic sp:i.n state in the 

momentum range above 100 Mev/c. However, the real parts of the scattering 

lello~hs appear to have opposite signs, that of the I = 0 state beil'lg 

small and negative. 

Finally, we would lilte to remark that; by crossing SYftii11etry, the 

+ two-pion contribution to the K -proton amplitude can be determined from 

the parameters R0 and R1 o In this case there is a destructive 

interference and flattening'of the cross section for a repulsive K+ proton 

short range. interaction. 

t-Te are deeply indebted to Pl~ofessors Geoffrey F. Chevl and Robert 

Karplus for many illuminating d:f.scussions. 
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Fig$ 1~ Cross sections for elastic and charge .. exchange K ... •proton scattering. 

The (a+) solution of Dalitz and Tuan (dotted lines) is included for 

comparison" 

Figo 2. Momentum dependence of the real and. imaginary parts of (k cot &) .. 1 

(a) for isotopic spin I = o, (b) for isotopic spin I = l. The 

dotted lines are the (a+) solution of Dalltz and. Tuan. 



UCRL-9196 

TABLE I 

Two sets of parameters that fit the available experimental data. The 

solutions are characterized by the constructive or destructive nature of 

the Coulomb~nuclear interference in the angular distribution at 172 P.1ev/c. 

Solution 

R . 1; 

z 1 

-1 
1\. 

Constructive 

4 
1.0 ~1_r.r fermi 

-:;.8 

r·, 
( o. 67 + 1 o .12 )J~~ .• (~ fern:!. 

.1.'~ 

0.13 

Destructive 

+ lo50 

fJ 

( o • 9; + i 1. 11-6 ) MH ~ ferrn:!. 

t:_; 
1 ( '.~ .. ) i: 1 (,,, f' ,.,, .. ,j.l-.' J·. 
,,, 0 ..... \_.,• ··-n, ...... 

,1.•) 

========-- ..,._,....., __ _...,.,.,...~--_.... __ ·_·=-============= 
-"---·--·-··-·---------~-

~{ 
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Fig. l. Cross sections for elastic artd charge-exchange K- -proton scattering. 
The (a+) solution of Dalitz and Tuan (dotted lines) is included 
for comparison. 
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Fig. 2. Momenty-m dependence of the real and imaginary parts of 
(k cot 6)- (a) for isotopic spin I = 0, (b) for isotopic 
spin I = 1. The dotted lines are the (a+) solution of 
Dalitz and Tuan. 
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