UCRL 9421

UNIVERSITY OF
CALIFORNIA

Ernest Ofowrence

"Radiation
Laborator

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545

- J

BERKELEY, CALIFORNIA




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not neccssarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



UCRL-9421

UNIVERSITY OF CALIFORNIA
Lawrence Radiation Laboratory

Berkeley, California

Contract No. W-7405-eng-48

LONG RANGE INTERACTION IN R_N—_NUCLEON AND K-NUCLEON

ELASTIC AMPLITUDES
Fabio Ferrari, Graham Frye and Modesto Pusterla

October 5, 1960



UCRL-9421

LONG RANGE INTERACTION IN K-NUCLEON AND K-NUCLEON EIASTIC AMPLITUDES
Fabio Ferrari, Graham Frye, and Modesto Pusterla
Lawrence Radiation lLaboratory
University of California

Berkeley, California

October 5, 1960
ABSTRACT

A method of calculating, for the K;nucleon interaction, the
long-range force arising from the exchange of & pion pair and of a possible
three-pion resonant state is formulated. It is shown that the long-range
force can be related with the electromagnetic structure parameters of the
nucleon and K meson. Finally, rela£ions betweeﬁ K-nucleon and K-nucleon

elastic amplitudes are discussed.
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I. INTRODUCTION

In order to understand thé dynamic nature of the K-nucleon intersaction,
it is important to establish whether or not a_léngarange force exists., In a
previous note we argued that the low energy (S=Wave) behavior of the Kmproton
and K-proton scattering may indicate such a forceol The criterion for
establishing 1ts existence--in the absence of detailed experimental
information about any single channel--is that it shall correlate the energy
dependence of the various related processes. Relevant are K-nucleon and
K-nucleon elastic and charge-exchange scattering, as well as hyperon
production pfocesses° In this paper we formulate & method of calculating
the long-range interaction arising from the exchangé of a pion-pair or a

'

possible three-pion bound state for these processesog
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The calculation is made on the basis of partial-wave dispersion
relations,3 The preliminary step of this approach, i.e., the determination
of the analytic structure of the various transition amplitudes, has already
been 1.7e::"'f,'ormed.,lL In general, the partial-wave amplitudes are analytic in the
cut W-plane (W is the total barycentric energy of the K-nucleon system) with
physical branch cuts beginning at the thresholds of the lowest energy
intermediate states and extending to infinity. In addition, there are
unphysical singularities associated with the two "crossed" reactions. The
spectral functions of the partial-wave amplitudes, i.e., the discontinuities
across the unphysical cuts and the residues of poles, representw-ér are

~defined to be--the "interaction."

The long-range interaction is described by the speetral functions
for the singularities that lie close to the physical'region.5 These occur
only in the elastic K-nucleon and K-nucleon amplitudes and depend on the
matrix elements for the reactions =n +x > K +K and = +x = N + N,

A good deal is known about the latter matrix element, but the former is as
yet totally unmeasured. In order to estimate the P-wave part, we introduce
a charge structure hypothesis for the Kumesozio6 This allows a.rough guess
as to the force that would arise from the exchange of a resonant two-pion
state.

It is important to emphasize that pion exchange contributions to
the K-nucleon force have a substantially longer range than the Yukawa
interactions (NZK) and NAK). The latter may control hyperon production
and p:esumably play an important role for the short-range interaction. Even
if the coupling constants ENAK and s relatively small, the effect these

have may be enhanced by the presence of the long-range force.
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II. AMPLITUDES FOR THE K~NUCLEON SCATTERING
The elastic K-nucleon and K-nucleon interactions are both represented
by a general diagram with four external lines--two K-mesons (mass mK) and
two nucleons (mass M).
Let the four-momenta of the initial and final K-mesons be q and
Py respectively, those of the incident and outgoing nucleons being Py and
Pye If different pairs of the momenta are regarded as the variables of the

incoming particles, the diagram describes three distinct processes:

K+N=K+N (ql + Py, t p2) 5 ~ (II.1a)

K+N-=K+N (-a, + Py > -q, + 1), (II.1b)
and

K+K->N+N (-q, + ¢1-+ P, - p2) . (II.1c)

The most striking feature of the problem is that even at threshold the

K-nucleon system initiates hyperon production,
K+N-m+Y (I1.2)

where Y denotes either A or Z . It is therefore necessary to use a
many-channel S-matrix formalism. The unitarity of S establishes a host
of conditions among the amplitudes for the above reactions and also relates

them to the amplitudes for pion<hyperon processes,
T+Y+x+Y . (II.3)

All the preceding reactions, as well as those obtained by applying the
substitution rule to Egs. Q;EQQ) and (II.3), enter into the determination

of the amplitude for any one of them.



UCRL-9421
-
The primary concern of this paper is the amplitude for processes
(II.la-c), but for emphasis and future applications it is convenient to
proceed with the many-channel formalism. The S-matrix is defined in the

7

same way as that for pion-nucleon scattering,

M 1/2

S., = -i(2n)h 8(q, +p, - - )( 1 e T
£1 T L Y TP T % T PN T 0 EE, £1’

(II.4)

vhere Mi(Mf) is the mass of the initial (final) baryon, E is the total

energy of the baryon, and ® that of the meson. For the case of even (Z - A)
8

parity and pseudoscalar K-meson, the decomposition into spin-independent

amplitudes is

- 1
Tes = Yp (fA + i 3 Ye(qi + qj)é>ui 5 (11.5)

where A and B are matrices in channel space, the indices having been
suppressed.,
The relations between A and B and the barycentric differential

cross section is established as follows:

(g°ap)(g-g,)
la; I°] g |

.
. <
® %

.2
| (el + £, i) |, (1I1.6)
where ¥ indicates the appropriate sum and average over spin states and ¢
is the three-vector of 2-by-2 Paull spin mstrices. The channel matrices

fl and f2 are related to the previous anmplitudes by
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H;'
[

L 8}% (& + Y2 [a + (W - T)B)(E + M) Y/2 ,

and (II.7)

1, 8%1»7 (E - M)l/2 [-A + (W + M)BI(E - M)l/2 ,

H
[}

where M and E are diagonal matrices with components equal to the baryon

mass and.the c.m. total baryon energy, respectively, and

Mif = '5 (M + M ) ° (IIo8)

Each element of the matrix f is_a function of the barycentric

1,2

total energy W and the appropriate scattering or production angle @ .,

A straightforward method for performing the decomposition into partial-

waves is avalilable in the work of Jacob and Wicko9 One easily shows that
® ¢ 1 |
£. =  (f, P - f, P ) (I1.9)
1 2=0 £+ 4+l £~ b=1
and
@ ¥
£, = z (fg- ~f£+)P£ 5 (11.10)
£=1
where
. 1 1
f£+{W\) = 3 fdcosf)(fl P, + £, Pgn),, (I1.11)

-1

The latter amplitudes are useful for the application of partial-wave
dispersion relations because they satisfy a simple unitarity condition.
For & given isotopic spin, total angular momentum, and parity state, the

condition is

£1 £ * i3
me, ™t - Zfzi‘jk o, ¢ 1 (II.12)

P J 77 ek
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J

intermediate state j, and where

where k, 1s the magnitude of the barycentric three-momentum of the

1 if W > Wj »

J o . if w<wj,

Wj finally, is the threshdld energy of the state Jj. It follows from

Eq. (II.12) tha.tlo

., fi

Im £ = -k, 8, 51:“ . (11.13)

11

Another interesting property of f , as first pointed out by MacDowell,

4t

follows from Egs. (II.7), (II.8) and (II.11). It is

f(£+l)_ (W) = -f“(-w) o (I1.1%)

1
o

2 L=
Finally, if each element of A and B satisfies the Mandelstam representation,

In the sequel, therefore, we need consider only f 47 and not f

it follows that f has the following "threshold" dependence:

L%

if 2
£oe (W) =~ (k k) . (II.15)

for W= M, +m,, M -m , Mf +m, , and Mf - f’; also

i i i i £
if el : '
_fmt (W) = (1:i kf) | (1I.16)
for W= "Mi + m =Mi + m wa + me. , and »Mf = mi B

where Mi(Mf) and mi(mf) are the respective masses of the initial (final)

baryon and meson.
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Let ﬁs now go on to discuss the analytic properties of f£+ (W) .
First of all, it is necessary to remove the branch points that arise from

the "kinematic factors” (E © M)Y2 in Eqs. (II.7) and (II.8). At the
same time, let us take into account the abovementioned threshold behavior.

To this end we define the matrix GJ , where J = £ +

e

, as follows:
_ : 1
44 W) = %-(E + M) /2 i’ GJ(W) kz(E + M)l/2 . (1T.17)

Using Eqs. (II.7), (II.8) and (II.11), one easily shows that

1 1 o= 1 E =M E M
G (W) = & 2 [A, + (W - M)B,] 7 + 7 (-8, + (W+ M)Bz+l e
(11.18)
where
+1
Az(W) = [ dcoseP (cos e) A(W cos ©)
=1
(11.19)
+1
Bg(W) = [ dcoseP (cos e) B(W cos ©) .
=1
The modified amplitudes GJ(W) were defined by Eq. (II.18) to be
analytic in the W-plane except for the singularities of AB and }3‘e o
Their location and nature have been studied on the basis of the Mandelstam
representation,h’ll Let us continue the discussion‘ky treating only the
amplitudes for elastic f@nucleon scattering. Then, assuming I and TN TK
as the basis for the isotopic spin space, the decomposition into isotopic
spin independent functions is
A = ( )I + T t— A(“) , (11.20)

N K

with a similar relation for B .
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The amplitudes for states of definite isotopic spin are therefore

a0 _ A0 5 (5) (II.21a)

AL N G BN O I (II.21b)

* + pis
Similar equations apply for the other amplitudes: B( ) 5 fzi( ) and GJ( ) o
(%)

+
The amplitudes A and B(*) are scalar functions of the

invariants
2 2
s = (g +p)° = W, (1I.228)
u = (p, =~ )2 (II.22b)
17 R °
2
t = (q.l - qe) 2
which in turn are related to the K-nucleon barycentric variables by
2
t = « 2k(1 - cos ©) (I1.23)
bk = (s - (m + M21s - (m - W) (II.2k)
and v ‘
E = W+ -nB)m . (II.25)

\
The location of the singularities of G; is discussed in Ref. (4). The
singularities of the dynamically coupled GJqB elements also influence the

behavior of GJ. It is clear that the dynamié singularities arising from the

exchange of two- and threenpions (the cut due to the two-=pion exchange.extends
to W = V -m V ) are closer to the physieal region
than all others and may be expected to produce the strongest energy dependence
in the physical amplitudes and, in fact, to dominate those of sufficiently

high £ « The discontinuity across this part of the cut Im GJ(W) is defined
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to be the "long range interaction". A general expression for the discontinuity
follows. from Eqs. (II.18) and (II.19). Changing the variable of integration

from cos & to t one finds:

1

3 k22+2

me. Fw) - }hkjt P (1 +—-%)
Gy 5 2 22

X [Im a®) (w14 —35 ) o+ M) ) W, o1t j ]

2k 2k2
2
2 =hk
(E - M) t
+ = [ at P (1 + —==)
300 k23+h o 841 éke

2

X [-ImA(i) o, 14 -25) + 04w s (W, 1L )],
2k 2k

(IT.26)

ImA and Im B contribute to the spectral function Im.GJ(W), for real

W, in the interval

lz*,- .2 1/ 2 2 2 2 2
M? b ?ﬁ - mo - < I W | < \/N@ - + me =W e

(1I.27)
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III. THE TWO- and THREE-PION INTERACTIONS
The strength of the long range interaction depends upon'the
imaginary part of the invariant amplitudes A( %) and B( ) when they are
evaluated in the region of variables ~(V - hmﬁ \/ - hm ) s < W
and 0< t < whkzo This region of the invariants has a simple interpretation
in terms of the barycentric variables of the reaction K+ K - N+ N . ILet
g and p be the magnitudes of the three momenta of the X meson and the

nucleens, respectively, and let 63 be the production angle:

LA
cos 6, = ol < ,

12y 1 g |

ali in the KK barycentric system. These variables are related to the

invariants by:

s = ~p2 - q? + 2pq cos 65 (I1T.18)

u = -p2 - q2 - 2pq cos 63 (Illolb)
and

t = b,(q2 + mKQ) = h(pg + M)2 . (IIT.1c)

2
Now, for 4m = < t < hmkz » Eq. (IX.27) may be rewritten as

) 2
“(p=-9q° < s < =(p+a)
or (111.2)

=1 < ¢cos & < 1

+ +
showing that the amplitudes A(") and B(") are to be evaluated for physical
values of the production angle. On the other hsnd, the total energy 4%“ has

unphysical values corresponding te the two-pion intermediate state. The
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imaginary parts of A(i) and B thus obtéined are the so-called

"gbsorptive parts" for the process K + K- N + N and are denoted by
\‘?IIIi(t’ s) and BIIIi(t, 8)o

\ The amplitude for the production process is obtained by applying
the substitution rulé to the S-matrix element of K-nucleon scattering
Eq. (IZ.4). Frazer and Fulco have shown that the helicity amplitudes fX,X
of Wick and Jacob providell a simple way of expressing the resul’ba12 From

their work one easily finds that, for each value of the isotopic spin index (%),

2 = - = 2x y _Y p§ M
= (Z)(AMYF) |T] (&K )= (=) T,
Y 8l A M
(II1.3)
where
= = « 2@
T T __ NA * acos eaB (ITI.%)
and ¢
i -
= = = -Eg g 5
T, T, W siné; Be . A (1I1.5)
The absorptive parts AIII and BIII are then expressed, for physicel
values of t > hM?, in terms of the T-amplitudes
_ M1 + N? cot 65 1 » +
Argp = - P 2i [T++ " T 1+ PE oi (v, - T, ]
(111.6)
and
+
B M L N T (III.T)

TIT © gE sin 63 21 +e e

The central physical condition upon which the calculation is based,
is the unitarity of the S-matrix for the production channel. It is expressed

in terms of the amplitudes of Jacob and Wick by
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L (R ® [r-1 | (kD)

1z By Te) (K BT [ nxa | | (R))
n dJd H

(II1.8)

where the first summstion extends over all the energetically accessible
intermediate states that connect a KK pair to a KN pair. The dOuJ are
the wave functions for a symmetrical top and p = A - A - Finally, the
matrix'elements appearing under the double sum are the amplitudes for the
production of a state (n) by NN or KK systems of definite total angular
momentum J. Both sides of Eq. (III.8) may be expressed in terms of analytic
functions and the equation may be continued to unphysical values of t
where only the two-pion state contributes. The interesting feature of the
present application is that Eq. (III.8) relates the absorptive parts to
other amplitudes ﬁhich (in principle) may be calculated independently. ILet
us now discuss the two-pion intermediate state. The absorptive parts then
depend only upon the matrix elements for the reactions =« +n + K +‘E and

nt +x=>N +T « The Jacob-Wick amplitudes for the latter are expressed in

terms of the Frazer-Fulco amplitudeé f+J as follows:

- : P J '
(RO D () - D Fo (x11.9)

where 9, is the magnitude of the plon three-momentum in the barycentric

system,

J
() = (pq_)? £, ey, (III.10)
F o) - T s

and
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¢§:+_Jé€) = %? (pqﬂ); f_J(t) o 1 (II1.11)

The amplitudes f+J were defined so that they are real analytic functions
in the cut t-plane, with a physical branch extending from hmﬁg to t = +o0,
and a left-hand cut whose discontinuity is purely dynamical. The corresponding

expression for the process =« + x -+ K + X is

(R P w0 ) = | == () £y(0) (111.12)

where the fJ have the same analytic structure as the fiJ » Their relation
to the invariant amplitudes of =xn=-K scattering will be given in the following
section. Expressions.for the absorptive parts are finally obtained by.
substituting Egs. (IIIQB)'and (I11.8) into Egs. (III.6) and (III.7). Using

Egs. (III.9) through (III.12), we have:

(%) on : 2J+1 J
Arp (t,8) = - oy . (27 +1) q  (pa)
J(%) | J(%) M cos 65 P"J(cos 65) *(£)
t) P(cos ©,) - £ ! i
x £, "(t) Pylcos 6y) S (t) V3G + D 7 (%)
;5 | (II1.13)

and

BIII(i)(t,s) - xzp, 22D  Meos 8,)q 2 *Hpg) 2 fmJ(i)(t)fJ*(i)(t)

Va(a + ;)

(ITI.14)

where cos 93 is related to s and t by Eqgs. (III.la) and (III.1lc). The
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symmetry of the two-pion state implies that terms with even J contribute

only to BIII(+) and AIII(+) , while those of odd J contribute only to

BIII(“) and AIII(°). Taking into account Eqs. (III.13) and (III.14) we have
‘the fellowing symmetry properties for the two-pion approximation to the

absorptive parts:

L +
7t s AIII( )(t,s)

it

UIII.(i)(t, 1), (IT1.15)

and

#

e 2 BIII(i)(t,s) ¥ gxli(i)(t, u) . (III.16)

A convenient parametrization of the three-pion state is not yet

available. However, if there is a J =1, I = 0 three-pion bound state
() g BH

 (mass mB), it gives rise to poles in the invariant amplitudes A
- which, in principle, can bé handled., If there is no bpund state but a sharp
resonance ‘the pole approximation is still reasonable. Note that this three-pion
state has to give a substantial contribution to the scalar charge structure

of the nucleon, whereas the magnitude of the scalar part of the eanomalous
magnetic moment is experimentally small. Now the pole in the A(+) amplitude
is proportional to the nucleon three-pion matrix element present in the

scalar anomalous magnetic moment; thus it is plsusible to neglect the three-

(+) (+)

pion contribution tc A and to regard only the pole in the B emplitude .
as important for the I =0, J = 1 three-pion contribution to the long range

K=-nucleon force. The consequent absorptive part is:

BIIICf)(t,s) = - ? x 5(t - mBQ) . (III.17)
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IV. {( nrx | KK ) MATRIX ELEMENT
In this section, we shall estimate the strength of the matrix element
for the process =x + x -+ K +K . ILet =qy and 9, ‘be the momenta of the
outgoing K- and _R;mesons, respectively, (cf. Eq. (IIolc), while the four
momenta and isotopic spin indicies of the pions are (»qnl, @) and (qﬂ2, B).

+
The decomposition of the S-matrix into scalar amplitudes A(") is then

.
16% (+) 1
A BOLB +3 [-rB, 'ra]A

(-)

£1 = =18(-q ) +q, +q - ) Vo oo o
21 Pro @1 P2

(1Iv.1)

where ® 4 and mﬂa are the pion energies. The A(i) are assumed to
satisfy the Mandelstam representation as functions of the two independent
invariants t = «(ql - q2)2 and v = =(ql + qﬁl)2 . The latter is related
to0 the baryceentric production angle 6° and magnitudes of the pion and
Kemeson three-momenta by v = =q? - q’t2 + aqqn cos 6'. The previously
introduced analytical partial wave amplitudes fz(i) are defined in terms

of the invariant amplitudes by

+1

fz(i)(t) = ——;——Z [ d cos 6' Pg(eos e') A(i)(t, cos 8') , (Iv.2)
(agq)” -1 ’ '

The symmetry of the two-pion state implies that f (+)'= 0 for odd £, and

Y/
fz(_) =0 for even £ .
Dispersion theory in its present form does not attempt to establish
+ .
the magnitude of A(*) , but only provides a way of relating them to =-K

scattering. Even in the absence of experimental informatioﬁ, such an analysis

does lead to some restrictions on the perameters, providing there asre no n=K
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bound state and that "ghosts" are avoided in the calculable part of the
unphysical region.l5 A similar treatment of the w-nucleon interaction, of
course, provides a determination of the = + x » N + N amplitudes f&J(i)(t)°
In order fo estimate the probable physical values of fl(“)(t) we
assume that a K-meson emits pion-pairs with esseﬁtially the same strength
as does a nucleon. This approach is based on the hypothesis that it is
characteristic of strong interactions always to be "ébout as strong as is
consistent with the requirements of unitarityo"lu The most easily treated
two-pion state is that which contributes to the electromagnetic structure

(ioe,, J=1, I=1). The S-matrix element for the preduction of & K-K

pair by a virtual photon (four-momentum qu) is

-1 e(q, +q,)
(-app q [81aq) = -ilen) 1/ 8(-a) + a5 - a)) -"—l—-g_“?:& FKS +13FKV ,
®1 %
(1v.3)

where 8 is the photon energy and FK? and FKV are the form factors for

the isotopic scalar and vector parts of the K-meson charge structure.

15

Following a suggestion made by Chew, we assume that FKV satisfies an

unsubtracted dispersion relation:

gV quz) _ % ?P _QﬁLﬁiE%_ (IV.4)
hm 2 %+ qp
a

where the spectral function g(t) = Im FKY(«t) » 'The form factors are

normalized so that

ro Vo) = % . | o (1V.5)
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The expression corresponding to Eq. (IV.3) for the production of & pion-pair

is

(-qﬂl,a; 9“2,-3'8]%) = 8(»_%l+q‘r(2-qp,_)n:

-1/2 ela * %)
X (2xn) “€p3 = - mz
7 b4

Fﬁ(t) (1v.6)

vhere F_ is the pion form factor. The S-matrix elements Eqs. (IV.1),
(Iv.2) and (IV.6) are related by the unitarity condition. Keeping only the
two-pion intermediate state (the so-called "two pion approximation™)

expression for the spectral function g follows:

- 45" (-)(py 2o |
le(t)] = a7 B, () £,°7(%) i (Tv.7)

The question arises as to vhat value is obtained for FKY(O) if the integral
in Eq. (IV.4) is evaluated in the two-pion appfoximationo To avoid ambiguity

arising from the unknown behavior of g(t) for large value of t, we define

fKV t0 be the value of 2FKV(O), obtained when the integral is cut-eoff at

the arbitrary value t = BOmﬁa, For this limited-energy interval we use the

(-)eyy..

following approximation for fl

According to the unitarity condition fl(’)(t) has the same phase
as En(t) for hm“ < t < l6m,r . Thus the function f, (t)/?%(t) is
analytic in the cut t-plane with the right hand cut extending form 16m.1t2
to t = +00. We will approximate this function by its average value over the

2

interval lt-m.1r <t < BOm.“E° Then, using the Frazer and Fulco expression for

F_ in order to evaluate the integral one obtains for fl(n)

fl(’)(t) ~ Fﬂ(t)fKVo%'- . | (1v.8)
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V. REIATION OF THE ILONG RANGE INTERACTION TO ELECTROMAGNETIC STRUCTURE
Two possible sources of the long range interaction are treated in
detail. Each arises from the exchange of a system of pions which are in a .
definite symmetry state. They are (A) the I =1, J =1 t!;m pion state,

denoted by wnn(=), and (B) a possible I = 0, J = 1 three pion bound state.

(A) The =n(-) Exchange

Let the spectral functions for the nucleon charge and anomalous
magnetic moment form factors be denoted by 8, and 8 The two-pion

approximation for these are
= 5% -1 l('é') o l(“’) 1
le(8)] = a.  F (%) T 7 [f+ (t) =Mf£ " 7/(t) 1/5'}

(v.1)

and

la(8) + y(8)/am] = o0 % (v) £ X)) /tam /20 (v.2)

where f+J(m) are the J = 1 nucleon amplitudes introduced in Eq. (III.13)

of Frazer and Fulce.l2

Simple expressions for the absorptive parts AI%E) and BI§;) are

obtained by reéxpressing the partial wave amplitudes f+l(°) and fl(g) in

gl’g and fKo Substituting

Egs. (IV.T); (IV.8) and (V.1l) into Egs. (III.13) and (III.14) one easily

-

terms of the electromagnetic structure quantities

obtains
AI(I;)('I;, s) = - 2x(s +-23-: t - mK2 - M2)f‘KVg2(t) (v.3)
and
B.v(m)(t s) = li-n'MfV(g + g /M) . (V.4)
I "’ K ‘2 1
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The interaction due to the m=x(-~) exchange contribution to the several
K-nucleon amplitudes, is obtained by substituting Egs. (V.3) and (V.%) into
Eq. (II.26). According to Eqs. (II.21a) and (II.21b), the =nx(-) contributions

tothe I =0 and I =1 states are in the ratio =3 ,

B. The Bound-State Exchange

According to the arguments of Sec. IV., the bound- or resonant-state

exchange contributes only to the absorptive part Blgz); An explicit

expression for the consequent spectral function Im GJ(+) is obtained by

substituting Eq. (III.17) into Eq. (II.26). The result is

(m g, V)1, = -8 e(my? - i) —k—g-%;é— LW = 1P (2,)

32
+ ﬁEL:;EQE(W + MP, (z)]
K2 T A+1YT0
2 (v.5)
where mB .
R Zo=l~———éo
hx

The parameter B is given in term of the scalar charge fractions fK? for

the K-meson and f£.>

N for the nucleon, due to the three pion bound state, by

the equation:
s S
2 2 4 T (0) £77°(0)
— 5
RYCON

(V.6)

where

v | (4) At)
'( r|s I'B ) = 13 (pi - pf)eon _ftégjgg .

€ and 17 are the polarization vectors for the photon and for the B particle;

furthermore
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s s K
Fo(®) £ —

S N
FN (t) £y

where FK? is defined by Egs. (IV.3) and (IV.5); FNS by Eqs. (II.7) and

(1IV.3) of Ref. (11).

We emphasize here that the constant h(mBz) enters in photoproduction
17

processes”  and in uo decayl8 and, thereforg may be calculated independently.
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VI. REIATION BETWEEN THE K-NUCLEON AND K-NUCIEON LONG RANGE INTERACTIONS
In Sec. III, dependence.of the long-range interactions on the matrix
element for the production process K + K - N + N has been discussed.. It is
then easy to see that the K-nucleon and K-nucleon interactions, as far as the
long range potentials are concerned, are related by charge conjugation on the
KK state (crossing relation).
| To be more specific, let us‘consider for the K-nucleon elastic

scattering the Jacob-Wick matrix element T

fi
oM
T = - Toe - (VIol)
fi 8n2W fi A
where T, 1is defined by Eq. (IT.4), M is the nucleon mass and q is the
center of mass momentum of the K-nucleon system. Tfi is related to the

phase shifts by:

_ 1 1 - )
Tfi = EE ? (J + E)( )\af I (E) I hi > e)fp(hi = hf)dhixf(e)’ (VI°2)
and
id i8
J b4 + (.Z+l)-=
'.4' = o - °
( + I ™(E) | b4 ). e sin Sz+ e sin 6(z+1)m

(VI.3)

Tfi is given in terms of the invariant emplitudes A and B  +which,

in the region t > hmﬁ2 and s < s s being the physical threshold,

0°’ 0
are defined by Egs. (III.4) and (III.S).

ILet us consider now the K-nucleon elastic scattering. The process is
described by the same diagram inverting the arrows on the meson line, i.e.,

exchanging K - K in the matrix element ( NN | T | KK ), Bqo (III.3).

This implies that the long range part of the K-nucleon and K-nucleon potentials
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are related by charge conjugation on the KK syétém°

These relations lead to interesting consequenceé if we analyze the
intermediate states (n) (see Eq. (III.8)) in terms of even or odd numbers
of pions. We have:

(a) The K-nucleon and K-nucleon interactions exhibit equal or copposite
contributionsvaccording to the isotopic spin I =0 or I =1 of the
intermediate state (n) with even number of pions;

(b) The K-nucleon and K-nucleon interactions exhibit equal or
opposite contributions according to the isotopic spin I =1 or I =0 of
the intermediate state (n) with odd number of pions.

In particular, the J =1, I =1 two pionand the J =1, I =20
three pion systems give opposite contributions to the ?;nucleon-and Kfnucleon
interactions.

Finally, it is of interest to point out that these results depend
mainly on the bosonic character of the K-meson. In fact an intermediate
state with even (odd) number of pions gives the same (opposite) contribution

to the nucleon-nucleon and nucleon-antinucleon potential.
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APPENDICES

A. Tsotopic States for the K-K Systen

We consider the K~ Ep system as described by the field operator

1 g 1 . : =1px
K(x) = [ dap [a X + a X Je
(2:“)5;2 (m) ’aDp + + - -
+ b x, + b x] elpx

as ¥
+ o X" + b x 7]
(A.1)
1 0
where X = y X = and a +, a +, b +, b ¥ are
+ - + - + -
0 - 1 o
creation operators for K, K”, K+, K~ respectively.
The isotopic spin states for the KK system are
| & x*)
-1 = [l - 8] T =0 = [|k k% + [&K° )]
B ' 12’
=0
- X)) (A.2)

From these definitions, and assuming for the NN system those given by

Cziffra,l9 the projection operators for the KK - NN amplitudes are
PO = 3 I _P2 = 3 TK TN °
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B, Choice of Phases for Elastic and Absorption Amplitudes

The discontinuity across the left cut for the elastic K-nueleon
process was obtained by using the unitérity condition for the side reaction of
_the diagrem, K+ K- N + N , inserting the contributions of the K + K~ x + x
and ® +xt >N+ N processes., Defining the NN states as Cziffra, and
using his helicity spinors, Egs. (III.2), (III.3) and (III.4) of Frazer-Fulco 2

may be written as

= .2 '
e F mA * acose'B (A.Y4)
— -— 1
T,. = § aBsine (A.5)
vhere
Po
cos O = 2" %
5 g |
We assumed analogous formulas for the reactions Eﬁ rK, >N+ ﬁé .

Equations (III.4), (III.5), (A.4t) and (A.5) establish a correspondence between
the KK state and the two-pion state. From this convention, we have for the

electromagnetic vertex functions:

_ afe e R T e
(r | s | K, K (=1, 7,=0)) = wi(2x) L 8 /(pt = p + )
2 K~ Px
5 2 }1mkimKl

(A.6)

and

Mp' +p) F e
{ s | x, n,(T=1, T_=0)) i(faz:)""l/2 L a(h)( -p' =H).
Tl lﬁe 1‘[1 5 2W Pﬁ Pﬂ i
(A7)

Here FKV(O) = % s Fﬂ(O) = 1 and e 1is the elementary charge (note the

different sign in Eqs. (A.6) and (A.7)).
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