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SUMMARY 

In this work the construction of the configuration space 

equivalent potential in Born approximation Is consideredfor 

• 	 scattering by particles of unequal mass. 	The potential agrees in 

• 	essence with the one obtained using the Chew-Frautsehi presáriptlon 

in 	S-matrix theory, i.e, the range of the exchange force arising 

from the exchange of a particle of mass 	M 	is 

2 	22 
R 	=IM o s 	J 

where 	(MA,v1B) 	are the masses of the particles involved in the 

S 	 scattering and 	s = (CM energy of (A,B))2 . 	This 	arif 	5 the 

.•• 	confusion in the recent literatire regarding this point andsets 	• 	 S  

S  the stage for determining the importance of the energy dependence 

of the range parameter in studying the dynamics of strongj. interacting 
5, 



particles. The examples considered are ((890)-exchange in itK 

scattering and N-exchange in itN scattering. It is shown that 

the energy dependence of the range parameter is not Important in 

the former and may be crucial in the latter. 
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INTRODUCTION 

1 
Recently Balazs has presented a new method for studying 

the dynamics of strongly interacting particles. The essential point 

is to cbnstruct an equivalent potential which when fed into the 

Schrbdinger equation generates a unitary relativistic scattering 

amplitude (satisfying anunsubtracted MandelstamRepresentation) 

when the .nonrelativ1st1c CM momentum (k2 ) Is set equal to th 

relativistIc CM momentum (2) 
 The construction of the equivalent 

_ 1 • 	
potential has been carried out by Balazs for the equa1.mass case 

when a single pole in momentum transfer is assumed to dominate the 

Born approximation. The resulting configuration space potential 

agrees in essence with the potential calculated using the Chew2 - 

Frautschi prescription, i.e.,the range of the Three due to the 

exchange of a particle of mass m is 	- and is energy inci.ependent. 

There has recently been a display of confusion. In the literature 

regarding the construction of the equivalent potential for the 

unequal mass case. In particular consider tN scattering and the 

general features of the equivalent potential that should result 

from nucleon exchange In the crossed u-channel. Following the 

Chew-Frautschi prescription one finds the range of the force due to. 

• 	N-exchange is enerr dependent and has the 'value . 	. 	. . 

= 	

- (M2  -m2 )2 

1 

I 
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One would certainly expect this feature to persist in the equivalent 

potential.. The purpose of this paper is to show it does and thereby 

set straight a point which may be crucial in understanding the 

relevance of the equivalent potential prescription for studying the 

dynamics of strongly interacting particles. 

-p 
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II. CONSThUCTION OF THE DUIVALENT POTENTIAL FOR THE 

UNEUAL MASS CASE 

For illustrative purposes we shall consider irN and irK 

scattering without worrying about spin or isotopic spin complications, 

• 	 which only serve to obscure the essential point. 

• 	. 	
. 	 Consider the following Schrbdinger equation 

+ 1k2  - U(r,q2 )j 	0 	
•: 	('). 

where 	. 	• 	 • 

2. 	•,2 	.. • 	 U(r, q ) 	2t V(r, q.) 	;•, 

tmAmB 	• 	. = 	. 	= the reduced mass of the 2 particles 
mA+mB 

v(r,q2 ) = the interaction part of the Hainiltonian 

k = msghitude of the non-relativistic CM momentum 

• 	 q = magnitude of the Relativistic CM momentum 

The quantit v(r, q ) is the potential that is needed to prothcc 

• 	 the relativiotic amplitude for k2  = q2  . It i8 constructed, as 

suggested 1 Balazs, 3  by requiring the Born approximation of • 



(2) 

_14 

V(r,q. ) to reproduce the Born approximation tothe relativistic 

amplitude. For icN(itK) scattering this corresponds to keeping 

the mesons that communicate with the t-channel [ltic -* i(itit -' Id?)) 

and the baryons and niesons that communicate with the u-channel 

kN -'itN(icK -tK)] . Let us consider this pesription for both. 

Direct (t-channel singularities) and exchange (u-channel singularities) 

forces, keeping in mind, the following notation for the invariant - 

variables for the s-channel:  

For irN scattering:' 	ch s 	,tN -'irN 	'. 

chu 	7M 9N  

The invariant variables for the s-channel are' 

2. e = (CM energy) 

t = - 2q2 (1- cóse) 

u = 2(M2  + m 2 ) - s - t 

where M = nucleon mass, m = pion mass, 8 = 

CM scattering angle and 

2 	
Ia - (M + rn)2 ) [ * 	- MIr 

 
q, 	

) 

4- 
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For icK scattering: There is a complete analogy with the relevant 

formulas given above for irN scattering. Just replace M by MK = 

mass of the Kaon. 	 S  
PS'  

A) Direct Force 

Consider the attractive potential 

= - 	 (4) 

the Born approximation to (4) is 	 I ,  

fB = - 	f dr 	V(r,q2) 	 , 	(5) 

where (') are the initial and final CM momenta, respectively, 

for the pion. Substituting (4) into (5) and doing the 3 dimensional 

integration over configiration space gives 

	

B. 	-• 	
(6) 

+ t 

• 	where 	= + 2q2 (l cos e). Keeping just the p-meson contribu- 

tion to the t-channel, the Born approximation to the relativistic 

• 	amplitude is just 

4 

B ___ ____ 

= 	2 	= 

	

m -2  t 	
m + 

() 
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where 	m= mass of the. 	-meson. 	For'(6)and.(7) to be identical P .  
it is necessary to write 	P = 	and this is just the familiar 

result for the eq,ual mass case, 	i.e.,the range of the force is 

and is energy independent. 
p 

B) 	Exchange Force 	 . 

Consider the attractive potential .. 

e -3r X 
r 8 ,. 	. 

where. 	P 	is the exchange operator and : 

'. 	 iq.r 	-lq.r - 	
e PEX -   

Using () and (8)_(9) 	the Born approximation has the form. 

fB 
2 	2 ' 	 . 	.. 	(10) 

t3 	+ 
U 

where 	A 2 = 2q2 (1 + cos 8). 	Keeping just the nucleon contribution 

to the 	u-channel 	in 	AN 	scattering 	(or the 	(890) contribution 

for 	tK scattering] the Born approximation to the relativistic 

amplitude is just 

fB 
- 2 . 

M 	-u . 
p .. 
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where M = mass of the appropriate particle 

..i1=2(M 2  +m  2  )s+2  2  (l_cQse). 

	

MA =.mass of the nucleon or Kaon. 	. 

For (10) and (u) to be equal note that 

M 2  - u - 	+ 'u2I where 	M 2  - 2 (N2 + 2) ± s - 

If (3) is inserted into the expression for 	one finds 

2 	22 

	

(MA  - 	) 	
() 

The range of the exchange force is therefcoe energy dependent and 

givenby 

r 	2 	2 • 	 2 	(N 	-m 2) :R0 	=[M_ 	
$ 	. 	

. 	(13) 

• . 

	

	 This is just what one expects from the Chew-Frautsehi prescription 

for constructing an exchange potential in configuration space. 

• 

	

	 Finally, if 'one takes proper account of spin and isotopic spin 

complications the equiva1ent potential acting in the J = I = 5/2 

state of the )  ,tN system for nucleon exchange3  is 

0) 
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= - g2/ 	e 	{(E+M)(w-M) + (E-M)(w+M) 

2 	

x [(2 	2 	

(l+r)]1 

where 	= 	
-

and g /l = 14. 4 * 

The equivalent potential appropriate for the J = 1, I 	state 

of the irK system for }C(890) exchange is 

v(r,q2) =2 - 8 1K* (s+) e 

IFS 

2 	2 	(i-m) 	 K* 
where P = M * - 	 and r 	Is the input reduced 

K 	s 

width of the K(890) resonance. 

* 	 V  3 
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III 	DISCUSSION AiD NUMUCAL RESULTS 

It is of importance to ask what role the energy dependence 

• 

	

of 	plays in determining the dynamics. 	If the energy dependence 

of . 	does not matter we can use 	for any value of 	s . 	Suppose 
• 00 	 N we take 	s -' co; then 	= M 	(for nucleon exchange) and 	M 

(for 	1e  exchange). 	If the energy dependence of 	does matter 

the strongest effect (in the physical region) would be at threshold 

and it would be more appropriate to evaluate 	there. 	Then 

(2mM) 	(for 	N 	exchange)and 	J(M_ 	2) 
+ 2m M1j 2  

- 	Let us consider these examples in detail.. 	• 	•• 

A) 	irK scattering 	K 	Exchange Force 

Yr om (i) calculatethe quantity 

(16) 

(r) 	(r, 	2 	
= 	exp 

{ - 
[M 	-J(M 	- 	2) + 2m2] r 

} (r,q 	) 'o 

Table I shows 	R(r) 	vs 	r 	for 	 M 	= 	3 	and 

1 .oSince 	is singular at 	r =00 	it will have its 

strongest effect for "small" 	r. 	For 	"large" 	r 	the potential 

goes to 	0 	like 	e 	. 	For all practical purposes •V 	= 0 	for 

r 	0.4. 	Table I therefore shows that the energy dependence of 

0 
• is not important in discussing 	irK 	scattering and Finkeistein's 	0 

0 work 	(Ref. 	) 	is essentially correct despite the error in writing 

At out 	VK*. 	 0 	

• 	 0 

0 	

'- 	 0 	
0 	 • 	 0 
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) ItN Scattering : N Exchange Force 

From (14) calculate the quantity 

RN(r ) = 	
: : 	

exp { - (M - mM) r } 

0. 

2N + /2 +( 2) 
	

(17) 

x 	
1+fr 	. 

3M+( 	
r2 

Table I shows RN(r)  vs r for M = 6.7, rn=1 .. It is clear 

from Table I that the energy dependence of 	is crucial for 

r 0.3, which is a range of r where the potential can not be 

considered negligible. Hence the energy dependence of P for the 

N exchange force in 7rN scattering in the (33) state may very 

well have effects which would not be exhibited if this energy 

dependence were ignored. To check this point in detail requires 

integrating the Schr6dinger equation numerically using the potential 

given by (114.) with a cut-off. This work is now in progress and 

will be discussed in a future publication. 

I,., 
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IV, CONCLUSION 

It is concluded that the energy dependence of the range 

parameter of the equivalent potential is not important for the 

K* exchange potential in irK scattering but may very well be 

crucial for the N exchange potential in irN scattering in the 

(30) state. 	 0 
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The equivalent potential for nucleon exchange is wrong in this 
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H 	 • 	reportedI'or IC - exchange is wrong in this work. The correct 

• 	form is given in the text of this work. 

• 	
1. The potential given by equation (iI) has a strong 	singularity 

at r = 0 and the solution to the Schr6dinger equation does not 

• 	exist unless the potentialis parameterized. One way to 

parameterize the potential is .to use a straight cut-off (giving 

• 	 one free parameter); another way is to introduce a repulsive 

• 	core (giving 2 free parameters). 
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