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" SUMMARY

In this work the construction of the configuration gpace )

equivalent potential in Born approximation is conoidered for

scattering by particles of unequal mass. The potential agrees in

‘essence with the one obtained using the Chew-Frautschi prescription

in S-matrix theory, 1 €.y the range of the exchange force arioing -

from the exchange of & particle of mass Mb 1s;

where (MA,ME)'iare tneinassee of the particiee_invclvediin.fhe
scéttéring and ‘s = (CM energy of (A,B))2 vThiS'clerifies‘the .
confusion in the recent literature regarding this point and’ seto:7~
the stage for determining the importance of the energy dependence'

of the range parameter in studying the dynamics of strongfy interacting' a



particles. 'The exemples considered are X*(890)-exchange in #K
scattering and - N-exchange in =N scatteriné. 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

"Recehtiy BaléZSl‘ has presented a ﬁé& method Tor studying
the dynamics of strongly interacting particles. The essential point
is to construct an equivalent potential which Wwhen fed into the
Schrodinger equation generates a unitary relativistic ecattering
emplitude (satisfying an unsubtracted Mandeletam'Represenfetien)A

when the -.nonrelativistic CM momentum (k2) is set equal to the

~relativistic CM momentum (qe).. The construction of the equivelent
. potential has been carried out by Balézsl for the equal mass case

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

Born epproximation. The resulting configuration'space potential

agrees in essence with the potential calculated using the Chewa-'

Frautschi prescription, i e., the range of the fcrce due to the
exchange of & particle of mass mp‘ is }é%- and is energy indeppndent
There has recently been a display of confﬁsion.in the literature.;'
regarding the construction of the equivalent potentiel for the

unequal mass case., In particular consider o scettering and tﬁe

general featgres 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 1s energy dependent and has the value

. Me‘me- J
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One would certainly expect this feature £q persist ih the equivalent
potential, The purpose of this paper is to shoﬁ 1t does and thereby
set straig££ a point which‘may be crucial in understending the '
relevance of the eqpivalent potential prescription for studying the

dynamics of strongly interacting particles.
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II.i CONSTRUCTION OF THE EQUIVALENT FOTENTIAL FOR THE

UNEQUAL MASS CASE

- For illustrativevpurposes we shall consider‘ nN and nK‘
scattering without vorrying about spin or isotopic spin complicationé,
which only serve to obscure the essential point.

Consider the following Schrdinger eépation.

.’:’ .

‘72\11 + [k2 - U(r,qe)] ¥ = O. | (l)

where

] E

) "2 ) : ‘ . N * . ‘» C ey
U(r,q°) = 2p V(ryqQ7) 1 - el

Ta"p

T = the reduced mass of the 2 particles

'V(r,q?) = the interaction part of the Hamiltonian

13
i

=y
1]

maghitude of the non-relativistic CM momentum
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Q
1

magnitude of the Relativistic CM momentum

4
$

e | .
The quantity V(r,q°) 1s the potential that is needed to produce

the relativ@?tic amplitude for k? = q? . It is constructed, as

suggested ‘@i;Balazs,3 by requiring the Born approximatignqu o
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'V(r, qe) | to rep‘roduce’thé Born approximat;.i.onrtoﬂ'the rel.a.tivistic.

amplitud.e‘._‘ AFOI.' nN(xK) scattering this corresponds to keeping

the mesons that communicate with the +t-chammel [ — NN (sx ->K;:F(‘)] t

and the baryons and mesons that communice.té with the u-channel |
‘ [nlN ~ nN(:fK - 7XK)] . Let us consider fhi_s preseription for both.

Direct (t-channel singularities) and exchange (u-channel s;ngularities)

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

veriables for the s-channel: SR . v

For nN scattering: chs N~
| ch t - NN

ch u nN - aN A -

The inverient veriebles for the s-channel are’ °

(CM energy )2

[#2]
il

- 2q°(1 - cos @) - (2)

.ot
I

u = 2(1\/12+mx2)-s-,t

where M = nucleon mass, . m = plon mass, O =
.CM scattering angle and
| N 2 2
5 [B-(M"'rmﬂr)][a-(m-mﬂ)]

q. = * ) (3 ) -
’-FS . . _ ’ ’ 74
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* For nX scattering: There 1s & complete analogy with the relevant
formulas giﬁén above for aN scattering. Just replace M by- MK =

me.ss of the.Kaon,

A) Direct Force

Consider the attractive potential

..ar
A
V = - j HE (4)
the Born'épproximation to (4) is o 0
S IS s dr e T V(r,q7) e s : 5)

where “(a;a?) are the initial and final CM momenta, réspectively,
N for the plon. Substituting (4) into (5) and dqing the 3 dimensional

integration over configuration space gives

E-ue- I ’ o (6)

where.'Aia =+ 2q?(1 - cos 8), Keeping just the p-meson'contribu-

i

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

amplitude 1s just

: B A A _ . .
f = - = » ’ (7)
¢ 2 2 2 o
» m -t m o+ 4 ‘
4 K p o] t :
-
- S
‘“,
Ll .
B ’
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where mp;=:mass of the. p-meson. Foru(6).and-(7) to be identical
it is neceséary tolwrite_ ) =_mé and this is just the femiliar .

‘result for the equal mass case, i.e.,the range of the force is

'ﬁL and 1slenergy independent.
p

- B) Exchange Force

- Conslider the attractive potential

. -Br o ’ o
Ae : .
V = = = PEX ) k ’ i _. (8)
, . . _
where  Béxf is the exchange operatar and
o 43.F 19.7 | - o
q_c _ - . 7 P ) ) :
Py © = e . R (9)

. Using (5) and (8)-(9) the Born approximation has the form
, 68 +a2 K

where AB? = Qq?(l + cos O). Keeping just the nucleon contribution
to the u-~channel in =N scattering [or the X* (890) contribution
for =K scattering)] the Born approximation to the relativistic

amplitude is Just

£ = 5 P - {11)

—.
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T

mass of'the appropriate particle: ¥~~Y

where ‘M
P
i=2M 2 i m 2) - s + 2q2(1 - cos 8)
: MA_=.mass of the nucleon or Xaon.

For (10) and (11) to be equal note that

2 . _ 2 2

=
]

b=t
m

P A 0

. If (5)Fis ihsertéd into the expression for 52 one f£inds-

T

B = M° - : ;}' : o '. - (12)

The rangédof‘the exchange force is therefore energy dependent and.

-given by

Ry = B = |M° - ~ TN ¢£))

This is Just what one expects from the Chew-Frautschi prescription

for constructing an exchange potential in configuration space.

" Finally, if one takes proper account of spin and isotopic spin“

complications the equivalent potential acting in the J = I = 3/?

3

state of the, nN system for nucleon exchange’:. is

..
¥

=

3 Lo
LI -~
[N .

B + Aﬁ?’ where Be = M~ - 2(M 2 +.m“2)‘+ S - hq? .

AT



' erhe‘re'{S2 = Mz.-
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L S {(E+M)KW-M) 4 AEHLE
| q

PPy - -
S (a4)
. 2
x [(&® + &) + (éi-’gi)]} ,
s r
22
0f- m ®)

and ge/lm = 14,4 .,

i

The equivalent potential appropriate for the ¢ =1, I =3 state

of the. =nK system for X¥(890) exchange is S ¢ 8

-

2 2,2 - \
-2 2 (MK - ) K* . ' .
where B =M . and P:Ln is the input reduced
' .. K -]

’

width of the K*(890) resonance,

I



© we take ,S-f ® ; then ;B =M (for nucleon exchange) and 8
v"Bo (2m M)2 (for N exchange)and By =

’Let us:consider these examples in detail.“ o

' TEble I showe R (r) vs r for MK*

m =l Shme fﬁ 1833@@ar&t r

- : S aQa

. "*III. "DISCUSSION AND NUMERICAL.RESU_LTS R

It is of importance to ask what role the energy dependence

"of B plays in determining the dynamics. If the energy dependence

O of B does not matter we can use B for any value of s . Suppose

X

(for X* exchange). If the energy dependence of 8- doee_matter

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

"-T; and it would be more appropriate to evaluate B there. Then o |

N K*[

- My )4-2m£Mk]%;..

.A) 7K scattering : K* Exchange Force

‘Erom (15) calculatedthe quentity_' ,
i ’-(16)‘7

e Faad {[{MK )

VK (r,q ’{30 )

*

1]

6. 35,3 MK = 3.54 and
0 it will have its-

1
strongest effect for 'small" r ., For ‘"large" r the potential

goes to »0 1ike e‘?r . For all practical purposes VK* 0 for

% 0. h Table I therefore shows that the energy dependence of B

_ 1s not important in discussing nK scattering and Finkelstein's

work (Ref. 5) is essentially correct despite the error in writing :
* _ . 4 '

out VK

Ve <G\




RV(r) - .VN(r; q_2 =0 BN)' a exp{- (M - yom M) .r’}

. -10-

B) =N Scattering : N Exchange Force |

“From (14) calculate the quantity

. (ryq° = O;B('),)

4 3

(17)

2M +‘ﬁ?/b +<:l iémr>

1+ \/Qm“M r
M +< )

2
t J

Teble I - éhows_ RN(r) ‘vs r for M= 6.7, mj?;:l"l_' v It 1s clear
from Tabié_ '-I"jt;hat the energy dependence of 8 1s cruéial for

= 0.3, whi¢h is a range of r where the poteﬁtial can not be

considered ﬁégligible. Hence the energy dependerice of B for the
N exchange force in N scattefing in the (3:,'3) state may very
well have effects which would not be exhibited 1f this 4ener:gy _
dependence were ignored. To check this point 1}1' déﬁail' requires
integratiné' the Schrddinger equation numerice.‘lly-using. the ﬁotential

given by (14) with a cut-off.u This work is now in progféss and

will be discussed in a future publication.

v
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IV, CONCLUSION

)

It 1s ‘concluded that the energy dependence of the range

. parameter of the equivalent potential is not important for the

x* exchange potential in =K scattering but may very well dbe
cruclal for the N exchange potential in =N scattering in the

(3,3) sfate.
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TABLE I

“:0.12'
| 51,"0'

2.0

0.8
0.50
0.29

0.09

R™ (r)

0.%

0.85

0.70

0.67

0. s -
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'FOOTNOTES AND REFFRENCES
Visiting Scientist;‘iThis work was performed under the auspices .
of "the United Statéé Atomic Energy Commission.
L. A. P. Balézs, ‘Phys. Rev. 137, B1510 (1965).
G. F. Chew and S. Frautschi, Phys. Rev. Letters 580 (1960).
L. A P, Balazs, Phys. Rev. 139, BL6LW6 (1965)
The équivalent potential for nucleon exchgnge is wrong in this
paper, . The correct equation is reported in the text of this work.
J. Finkélstein UCRL-16537 (unpublished) The equiv’alent‘ potential
reported ‘for X* - exchange is wrong in this work. The correct
form is given in the text of this work. }
The potential given by equation (14) has a strong 3%‘ singularity
at f' 0 and the solution to the Schrodinger eqpéiion does not
exist unless the potential is parameterized. .One way_to
parameterize the potential 1s "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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