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ABSTRACT

We study the production of strange particles and in particular
the electroproduction and the weak production of X mesons. The electro-
production of strange particles is governed by the matrix element of
the interaction Y+ N + K + Y, where Y is a virtual photon, and the
main case of interest is in the energy rcgion where a B% or anh Fs/é
resonance is dominant. Using the method of Blankenbecler and Gartenhaus
formulae are derived for solving the problem in this region. The weszk
production involves the matrix elemont of the interaction W + N 4 K + ¥,
where W is a virtual intermediate boson for the weak interaction.

Formulac of the electroproduction type are again derived for solving

the problem in the rcsonance region.



INTRODUCTION 6.

’

The discussion of the electroproduction and the weak production
of strange particles follows naturally from the study of the photo-
production of strange particles. This extension has its analogue in
the much discussed sequence of processes- the photoproduction, the
olectroproduction and the weak production of pions from nucleons.

The photoproduction of pions from nucleons played an ossential
role in determining the nature of the pion~nucleon interaction and in
the assignment of the spin and parity of the higher pion-nucleon
resonances(1’2). The angular distribution data of the photoproduction

(3)

of pions hag also been exploited to determine more accurately the value
of the pion-nucleon coupling coﬁstant.

The eloctroproduction of pions extends the pion photoproduction
process to that of production of pions by a virtual photon and thus opens
up the analysis of the electromagnetic structure of nucleons and pions.

In this casc the theorctically interesting processes are confined to

(4,5,6)

thogse exporiments in which the barycentric energies in the final
pion~nucleon state are dominated by the first pion-nucleon resonance.
The theoretical approaches to the pion electroproduction problem
have been many. Curtis(7) and Dalitz amd Yennie(s) used an adapted

version of the Weizsacker-Williams method and later Fubini, Nambu and

Wataghin(9) applied dispersion relation techniques in the sgtatic limit
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through an oxtension of the photoproduction theory of Chew, Goldberger,
Low and Nambu(1o)to obtain a first determination of the isovector form
factor of the nucleon. This work was oxtended to the relativistic case
by Blarkerboclor, Garbenhaus, Huff and Nambu'!!) using the method of
Blankenbecler and Gartenhaus(12) to write down an approximate solution of
the dispersion relations, In the framework of the Mandelstam representation
Dennezy(13) has used a completely covariant treatment making use of the

(14)

Cini~Fubini approximation to the Mandelstam representation and

Bavbour' 1) used an extension of the N/D method to multichannel processes

as proposed by Bjorken(16). Salin(17) has further used a semi-phenomenological
igobar model to obtain the ncutron form factor in good agreement with the
rosults of Stanford and Corne1ll'8),

Weak pion production = the production of a pion by high energy neutrino
collisions with nucleons -~ introduces the axial vector current of weak
interactions so that the axial vector form factors must be employed in its
discusgion. The conserved vector current hypothesis of Feynman and Goll-Man£19)
makes it possible to relate the vector part of weak pion production to the
isoveetor part of pion electroproductions. Thus Dombey(zo) has extended the
electroproduction analysis of Blankenbecler, Gartenhaus, Buff and Nambu(11)
and Dennery(21) has oxtended his earlier work on the electroproduction of

pions.
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Al
Since the original investigations on the photoproduction of K mesons(22 24)

the most extensively discussed process and the simplest experimentally is

Y+p —> K* + A, The recent work at Cornell (25,26)

has yielded several
angular distributions for this process in the energy range from 934 Mev,

$0 1160 Mev. Furthormore, the polarisation of the A at 90° in the
barycentric frame for several energics up to 1160 Mev has beon reported by

(27)

the same group. As was clear from early measurements, the production
near threshold is consistent with the KﬁiA system being in an s—-state

and at 1000 Mev, tho appearance of polarization of the A and a gentle rise

of the angular distribution in the K+ forward direction indicate that

higher partial wavecs are beginning to be excited. As the photon energy

is increased the A polarization and the 90O cross scction remain essentially
constant(27) while the angular distribution becomes more peaked in the
forward K= direction.(25’26) More recently(zs) it has been shown that this
behaviour is also obtained at o photon energy of 1200 Mev.

The K& photoproduction cxperiments are of theoretical interest as they
provide, in principle at least, a modol independent mothod of determining
the XYN coupling constants by oxtrapolating the difforential cross section
t0 the one K-meoson exchange pole in the forward direction. The hyperon
exchange diagram gives rise to a pole in the backward direcction and the
residue of this polo is proportional to the hyperon magnetic moment; Hence
information on the magnetic moment can be obtained from K meson photo~

production experiments.(29)
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£ (30-34)
Several specific models have been proposed recently for
gtrange particle photoproduction., These models include contributions

*

from the Born terms, the exchange of the K and various resonances.

Fayyazuddin(3o) considers low energy production with only s and »p
* *
wave contribution through the Born terms, KX meson and N = the first

pion nucleon resonance. The model of Kuo(31) and Beauchamp and leladay(32)

incorporates a P% resonance that has beon suggested by Kanazawa (35) to
explain the bump in the total cross section for the associated production
process "+ P —> K°+ A. The parameters in this model have been
determined by fitting the angular distribution at low energies but it
predicts the wrong sign for tho A polarization and gives too flat an
angular distribution at 1200 Mev.(27’36) The models of Hatsukade and
Schnitzer(33) and Gourdin and Dufour(34) are similar to cach other in that
they take into account the second and third pion nucleon resonances,
N** and N*** respectively., The importance of the higher of these two
states in associated production by pions has been discusscd by Rimpault(37)
who finds that a resonant F5/ statc is consistent with a partial wave
analysis of this reaction. Hoff(3 ) arrives at similar conclusions in his
re-analysis of the same procoss.

The question as to whothor, apart from the Born terms and the exchange

*
of the K , the resonance in the T= %—channel is a P or an F5/ is still
2

an open onc. This means that any discussion of the electroproduction and
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weak production of strange particles must make full allowance for either
possibility., Since the experimental situation would favour a Panofsky
type of analysis, we cmploy the theorctical technique of Blankenbecler and
CGartenhaus to derive the differential cross section for the recgion in
which the rcsonance dominates the process~ the two resonances being

discussced simultaneously.



PART I

THE THEORY OF ELECTROPRODUCTION OF
STRANGE PARTICLES.
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i, NOTATION

We shall use the units = ¢ = 1 and in these units, encrgy,

momentum and mass have the units of a reciprocal length. The metric

used will be
Xu = (Xo,x1,X2,x3)
goo== 1 g11 = g22 = g33 = =1

a“bp =ab - 2. b

- ]
i} axo a:»c,I ax2 ax3

and the Y = matrices used have the following properties

1no% ] = -2, (1)

where Yo is anti-hermitian and Yy = iYo 'Yy 1Yo and Yy ore

hermitian, Y5 is defincd as

and is also hermitian. The following representation will be used for

the ¥ - matrices in the reduction to barycentric systems

Yo = o "iqr

T = 1’ 2, 39
io o
r
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o
-

Wy =Yy = (3)

and

We shall also put

$ = iy p (4)

and the spinor u(p) satisfies the equation

(4 - m) u(p) =0 (5)

with the normalization

u(p) u(p) = 2m (6)
For the reduction to the barycentric system we use the following explicit

form for the Dirac spinor

1{+m {XI'
W) R \0 (1)

where xr is a two component spinor. Thus

u(p) = ———7 ° X
t (p, + m)® 5 ¥ (8)



ii, KINEMATICS 14.
Let the four-vectors T4y Tos DPys Py and g correspond formally to the

incoming particles (Figurc Ia) and define as the three invariants

s = (k+p)° = (a0’
w = (g+p)° = (k+p)? (9)
t = (k+q)° = (pg+ 1:)2)2

where we have used k = T, + Ty e The four-vector k corresponds to the

virtual photon.

Conservation of momentum gives

k + p1 + q + p2 = 0 (10)

which implies that we can select only three independent four~vectors.

These we teke as k, p, and p, or k, q and P = %—(p1 - p2) whichevor is

the more convenient,

Now k2 = ~\° ’ q? =’ y p2 = M° and p2 = M2 where m, M, ,M, are
1 1 2 2 1772
the masses of the K-meson, nucleon and hyperon respectively. If the
square of the virtual photon mass (-i?) is taken as constant then there are

only two independent scalars related by

s+u+teme+ Mf + Mg -'xz (11)

Each of the three invariants, s, u and 1t reprosont the square of the

total energy in the barycentric system for the reactions

I k+p =3 -1 -5 ("W+N = K+7Y)
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II k+p, —> =4~ P, ("v + ¥ — K+ 1) (12)
IIT ktq —> -P,~D, ("' + B~y T+ Y)

and these three reactions must bc considered together if one uses the
Mandelstam representation.

In the barycontric system for reaction I we define

k=(k k) p, = (e, 5 =k)
(13)
~q = (a, » 9) p, = (&, 5 -a)
giving the identities
oWk = W - U° - A2 Mq =W + g - M2
o 1 0 2
(14)
2 2, .2 : e _ . 2
2W81_.W + A +J‘1‘ 2W2_W L
2 2 2 2 2 2
k=X + A ¢ =g -m
and
2 - . 2
g = W = (total barycentric cnergy for reaction I)
_ 2 2
= ( kb + 81) = (82 + qo)
u = m2 + I'-ﬂz - 2q &, = 2gkcos$
1 o 1
2
- Mg - % -2 e, - 2qkcosy (15)
1t = Mf + Mg - 28182 + 2gkcosd
2
m

I
>,I\)
!

2qoko + 2gkcos$
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g k
where cosy = ——— qa = }3!
q k
k = Jkj
From (8) and (13) we have
e, +U
(o) = —— ) (16)
p = 16
v €, 1) g .k
v, (-p,) k ( )
and -p,) = X —————T g, + O «g
Yy 2 (82+M2)-§ 2 MQ ?

In the barycentric system for reaction II we define
k=(KosI_{) "Q.=(QopQ)

P2= (Ez ’”K) - p1 = (EJI’-Q) (17)

with the following identities

22 .2 _ 2. 2

K = 0 mg A 208 =w mf +m

g, = 0+ ~ o 2, =0+l 22 (18)
K2 =K§+),2 Q2 =Q§—m2

and
2 - ton T1)?
u = .0 = (total barycontric energy for reaction II)

2 2
= (E1+ Qo) = (E2+ KO)
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=M -2 - XE - 20K cosf
= M + m° - 2QF, - 2QKoosy
(19)
t = m2 -2 . 2KOQb + 2QKcos¢
- Mf + 1 - 2, + 2QKoosyf
Q.K
where cosf = ——— Q= ‘,9 |
¥ K= |K|
From (8) and (17) we have
(-p.) 1 -8.8 1\ X
vy (7p,) = = ————y
N (E, + M1)§' B, + M, (20)
and - C 1
vY(pg) = - X'|'—-'—--1 (o X, E2+M2)

<
(B, +15,)
Finally, in the barycentric system for reaction III we dofine

k = (%O ’ 7_(_) "P1 = (p-‘o’ -2)
(21)

it

q (wO "= 3_‘,) "P2 = (Peo! 2)

with the following identitiecs
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- 2.2 . 2 Y- .
22% = % -3 - u 28p,, = 9 + 1 - 1L
2 .2, 2 2 2
2sawo_se + N +m 252p20-$a +M§-—-I-.I1 (22)
®? - xg + 22 4 9202 = (92 - A2)(R% - 47°)
where 2M = M1 4 M2 A = mé - M1
and
e ; s 2
t = = (total barycentric cnergy for reaction III)
2 2
- (xo + wo) = (p10 + p20)
2 .2
s = M - = 2p, 0% 2p ®cos V¥
= Mg + m2 - 2p20(00 - 2p%cosV (23)
u = h1 + m 2p1owo + 2pK cos\
2
= - - A |
Mg A 2p20;(0 + 2p KcosV
where = _::9 - X

cosy
PK

From (8) and (21) we have

/
1 -S.2
Vﬁ (-P1) PR » + M * (24)
(pyo + M,)* Pio" %4
\
and
_ t
uY(-pz) =X )%_ (‘,’(_)20-1452 s = O ..E)

S
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iii CONSTRUCTION OF THE INVARIANT AMPLITUDES AND THE MANDELSTAM
REPRESENTATION.

The S~matrix for elesctroproduction may be written as

Spy = Opy + 1 (27()4 o4 (p1+p2+q+k) Toy (25)

with k = r1+r2 and Ty Tp representing formally incoming electrons. To

(8)

the first order in the oelectromagnetic coupling constant we have
('- P2’ -q.’ -r2 ‘TI p1’ r1> = <-P2’-q. 'Jp‘p1> e}l
with -
ep = 0 u(—rz)Yu ‘IJ.(I‘1) (26)

2
(r1 + r2)

The matrix element <:-p2, -q ‘in p1:> is the matrix element for the

photoproduction of a X meson by a virtual photon of four momentum

K = (r1+r2)2 = =¥ (27)

It is this matrix element which has to be examined in detail and theo
separation (26) can be represented formally as in Figure Ib.

To construct the invariont amplitude we employ the method of Ball(:39.
Since we are dealing with a process of first order in the electromagnetic
coupling constant the T-matrix must be linear in ep. We can therefore
write

T = Mo (28)

and the most general Mp that we can write is
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MP = ka1 + q“F‘2 + PPFB + :|.‘Y;IF4
(29)

+ 3 P, o+ i F.+ 1 P F
0y Ky F5 *1q, 9, Fg * 10, K Ty
The F:!Ls are functions of the invoriants which we can construct from the

throe independent four-vectors k, Pys Py and‘rp. Such scalars arec

8, u and t. Hence we can express each of the F's as

F = Zi £, (syu,t) 0 (30)

where

0, = (1 ¥ By B ¥ ¥ys ¥ by 4,5, W68,

By the use of the commutation rules for the ymatrices and the Dirac

equation

(ﬁ1 = M‘I) u(P1) =0

u ("Pz) ("'éz - MZ) =0

wo can reduce cquation (30) to the form
F = a(s,u,t) + blsyu,t) ¥ (31)

A further application of tho above tcchniquos enables us to write
M =i B, + B
) :ry‘p ’ kp o + qu3 + PpB4

+ Yu ¥k 135 + i vk kp B6 (32)

+ 1Y.kq]‘l 137 + 1iv.k PpB8
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Honce the T~matrix can now be written in torms of eight relativistic but

not gauge invariant quantities Ni

8
T = 15:1 B, (syu,t) N, (33)
where
N1 = 1%¥.0 N5 = Y8 YK
N,= k.o Ne = ivek keo (34)
N3 = gee Nﬁ = i Y.k q.c
N4 = P.e Ng = i %Yk Pae

Bven though the vector °, (26) has both longitudinal and time-like

components the Lorentz condition
ke = 0 )
nop (35)
is still satisfied. Thus imposing gauge invariance on the above T-matrix

i.c. replacing ep by kp and requiring the T~matrix to vanish, we have the

two conditions

: 2
(s Mﬁ) B, + (w MS)B3 + (t~-m°) By =o
6)
: (3
By + (s - Mf) B + (u-Mg)B,? + (+=u%) By = o
We ars therefore left with six independent functions and the set we
use is suggested by the Born terms derived in iv,

Thus for the KY parity oven we write

6 .
T = zi 1 AR (37)



M.{ =% (Y, )

=
!

L =2(P, q) + (P, k)

M:';) = =1 (Y: Q)

M = -2i (v, P) ~M1(Y,'Y)
Mé = (k! Q)

M o= -1 (kv)

22,

(38)

where we have used an abbrevigtion for the gauge~invariant combination

(a2, b) = aee bk = ak bee

The Ai 's are related to the Bi's as follows

A} = 2B, + 2M, (36-137)
(t - o) 8 = 2(B, - B,)

Ay = 285 - B -3

by = B, - B
(“b-mz)A; = B, + B,
8 = B

(39)

For the case of the KY parity odd the form of the T-matrix is the

same as above with the inclusion of a factor iYs. Thus
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6
T = 3 A, M, (40)

where

= ) 1
¥, = 1Y5 Mi

It 13 this form of the T-matrix that we use since there is now convincing
evidence that the KY relative parity is odat40),

The Ai's are functions of isotopic spin as well as of sy, u and t
and may be further decomposed into an isoscalar and into an isovector
part, these designations referring to the character of the photon current.
That is, the photon may be regarded as an isotopic scalar plus the
third component of an isotopic vector. Denoting the isotopic index of
the outgoing 2 hyperon by B, we have three isotopic spin invariants

for the reaction 'Y' + N —> K+ 3,

Ve =% (T Ty =6,
o o= 3vgamy] (41)
v‘; = T
Thus
A = A§+) v’; + Ag-) vy o+ A§°) v; (42)

for 2 production.
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The projection operators for isotopic spin 3/2 and 4+ are given by

(P37 )83 = 3 (g ~#[7,7 ] )
(43)
1 -
-3 (Vg - V)
and
(Blgs = 5 (opy+ B[75 073 ])
(44)
= % (VE + VE)

We observe that P3/é and B% are linear combinations of the V' and V.

8 p

corresponding to the isovector part of the photon interaction, The scalar

projection operator Vg contributes to the I = & amplitude only.

As the A hyperon is an isoscalar we have the following isotopic spin

invariants for the reaction "y" + N =3 K + A

S ='r3
© _ (45)
and s0
4, = A§+) st o+ A§L°) s° (46)
for A production.

The isotopic spin 3/2 is absent here and S+ and S° both contribute

to the I = % amplitude.
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The valuos of the V's and S's for a particular reaction are given in

Table I,
TABLE I.
Matrix elements of'VGE) and S(8) for the possible charge
configurations.
v v v° st s°
" 4 p o3 KT 430 1 0 1] - -
'y + A KC + 5T 0 el /z - -
! +
Wt 4+ p=K +A - - - 1 1
4 n 9 KO+ 3° 1 0 -1 - -
F
'+ n A K +3 0 -/2 /2 - -
(o]
ry" +n=K + A |- - - -1 ; 1

The choice of the invariant spin matrices Ni(34) does not introduce any
kinematical singularities in the Bi’ and so these amplitudes are taken to

satisfy the Mandelstam ropresentation(§9)

e (s) (w) (+)
R.(s R.(u R.(%
B.(s,uyt) = ——— 4 —2 + —=
155 M?— 8 Mg- u m2 -t
o (1) gar oz (2)r 1Yqun
. % / B; /(s') ds L1 A (u')du

(p+M1)2 st - 8 7‘(u+Mé)2 u'=u
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oa (3) t 1 12 t t
+ LT Pi (67) at + Ao Sagt Saun % (=)
= (u-l-m)2 - % w2 (st-s)(ut~u)
Feoreacoece ¥ oseeviess o (47)

where the cuts are the same as in the usual Mandelstam representation
due to the character of the virtual photon.

Since the amplitudes A1, A3 4 and A6 contain no kinematical factors
in their relation to the Bis (39) they will have the same representation

as the Bi's. The representations of the two remaining amplitudes, 4, and A

2 57

can be constructed by combining the expressions for the amplitudes B, and

2
B3 according to combinations of (39).

In the framework of the Cini-Fubini (approximate) one-dimensional

representation (14) we may write our dispersion integrals as
. (s) T, (u)
A, (syu,t) = B(t) (— = + = + I, (%)
+ : M?— ] M? - u .
i 2
3y(s',4) as' O, (ur,t) au?
41 . 1J1__
'7( VLS u! - u
c. (t',s)
dt! (48)
where

B(t) = 1 for i = 1, 3, 4’ 60
1

B(t) = 5 for i = 2, 5.
t -m
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The spectral functions a; s by and c; can be obtained as the

imaginary part of the amplitude for the reaction in channels I, II and III
respectively., The poles arise from diagrams shown in Figure II and the
residues of these poles,T i(s),I‘i(u) and I&(t) will be derived in the

next section,

iv. CALCULATION OF RESIDUES OF POLES.

For fixed t +tho T-matrix is written as

T(s,u,t) = ie .fdllx 0~i(<1"'k);2$ ~P, !3(35) [J(g) ’ J-i(" %)J {P1>

k)
(49)
and the sbsorptive part is given by
~1i(q-k)% r
4 2 S SN b
o () = dofofe s K onfs @l D] |5
(50)

g0 that

~i(q-k) 3
InT; =% eude’x o

w1 @ D) 6
and

-i(q-k)E
In Tpp= & epjd‘lx N <-92‘:11 (-3 @ |2y (s

These correspond to the two terms of the commutator and give the absorptive
part for reaction I and II respectively. Introducing the complete set

of states in (51) we have
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~1(q-k)%
2 .
ImTI =%e 2 d4xe <"P2:J(§))H:Y>

-"\/J_rw ‘JJ (- 3) ‘ p1>
=40, (20! nié(p,; ~x-2) (p, 3 ) [2rr )
Lo J3eo) |2 (53)

where P, is the four-momentum of the state ' n,Y>.

The lowest possible state with the same quantum numbers as jp(o) Jp1 >
is the single nucleon state which corresponds to Figure II(a); Ingerting

the single nucleon contribution gives

Inm Ty =x6 (1) 3 e, (-2, | 3(0) 1 k+P1Y><k+P1:Y 1:11-(0)\ Py >

(54)

where 2 indicates the summation over the nucleon spin.
Y
In the same way we take (52) and insert the complete set of states

which results in the form

In Tpp = & ep(27t)4 nfiYé(pn -aq- 131)<-p2 ‘3: (0)! nY>
{av {2 > (55) |

The lowest possible state that has the same quantum numbers as <-p2 , 3 u(o)

is the single hyperon state (Figure II(b))eThus
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Im Trp =70(u ~ Mg)g e, <"P2 \a"t(O) \q + D,y >

ECER A THONE N (56)

where ¥ now denotes the summation over the hypercn spin.

Now

< =Py ‘3(0)ik+p1 > is the KIN vertex,
<k + pdj;r(o) lp1> is the YNN vertex,
<‘P2‘jj(0)’|q + p1> is the YYY vertex,
and < q + P, ] j(o) )p1> is the KYN vertex.

Since the photon is the only virtual particle, we have, by general
consideration of Lorentz and gauge invariance, the following forms for the

vertices ¢
¢ pplaed e, > = B(-p,) rgey u(kep,)
{a+ p1}j(0){p1)= u(are,) ivgey u(py)

i + p1,jt(0)‘p1>= u(le+p,) i [G1Yn (57)

+ G0 {(k+p1)-(p1 )L ]u(P1)

and
(-P2 ‘jI(O)lq+p1> = u(~p,) i[G; Ty

. ow{(-pg)—(p;q)}v]u<p1+q)
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where 8y is the renormalized KYN coupling constant amd G1,G2 and G"I’ Gé
are related to the renormalized electromagnetic form factors of the
nucleon and hyperon respectively;. The isotopic dependence of these form

factors are as follows

NUCLEON FORM FACTORS.

G1° = G1° = 1o [F1p(7\2)+F1n(7\2)J

S v
e = ot =t [r 00 -5 ()] (58)
GSO = Gv° - 3 F.(2°) + pF. (2%
2 = Yo = ® | By foy n'on

v

S
* oo gt - 4 2y _ 2
G = &G~ = = [ Hy F2p(7\ ) pnFZn('A )]

with the normalization

F1n(°) = 0

and

]

an(o) F1p(o) = sz(o) =1
HYPERON FORM FACTORS.

'v
1o - 2l ) - 6 (nd ]

g ©

Q
L
[

A N RO R ACRON

e V. o GgT) a3) = G;S+

G;So = e G1(A) (22) (59)
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clo - %{u,, 02 +u_ o0 ]

W (+) 2y _ (=), 2

v g T),.2

G, '+ =-—’l—uT o{™2)

g.?

's ) (1) 'S, €5 (T) ,.2

G, 0 = G (7\) G, " = by Gy (27)
g
A

where H, oo and hp are respectively the anomalous magnetic moments of
?

the3%,5 "~ and 3° and the trensition moment associated with the yA 3’

vertexs The form factors G:’;#\’T have their obvious meaning and are
’

normalised as follows 3
G1(A)(o)

- G1(T)(o) = 0 and the rest are equal to unity at AZ =

Hence from equations (54) and (56) using (57) we have
In Ty =m(s-ly) G(-p,) ivg gy (K + #+ 1)
iep[G1Y *+ G0, v]u(p1) (60)

and

= - al - i 1
In Ty =m(u-if) G(-p,) ie, [G;Yp + 8oy, kv]

(Fy+dL) ivs &y u (2y) (61)
Using the standard techniques we can reduce these two expressions to forms

involving only the invariant Mi' Thus
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Inm T =7ca(s-mf) W(=p,) | Gy, + G, (8 - 1)
(62)
-i’Y'5 C}1 ( qe& = 2P.8)}gy u(p,l)
and
In To, 8(u-1) S(-p,) [(m + 2003) K,
(63)

--(M + U ) G + iv G' (2P.e+ q.e)] gYu(P1

For the reaction III (Figure II(c)) we have the following single

K~meson pole contribution
In Ty wma(bn) A=) 2, (2are)ee Ly |ule,) (6)
I ™ 2 CEARCRAR) § Rats

wheregK('}?) is the electromagnetic form factor of the K-meson. The

isotopic dependenuve of?K(')‘,z) is as follows

'}I‘i T - (:} [ ez FI(,:O)O\Z)}

s (3)

Jx = [ch*)(xz) ¥ FI(;)()@)] (65)
with FKV (+) ¥ FI(CO)

We observe that in (62), (63) and (64) the electric charge terms, G,,G!

andgK are not gauge invariant when taken individually whereas the magnetic

terms are. The non gauge invariant terms can be made invariant by adding
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the quantity

k.e

1 NER

175 *1 r t G N

(66)

which is identically zero on account of the Lorentz condition (35).

Thus
g A(BA) M, = g [ G1M1;G2 o M4)
i=1 M1 - 8
G, (M5+ oM ) . (G; + 2£Gé) M, - (M3+M4) G}
(m? ~5)($-n) i - u (67)
a1 (o, - 1115) (e - ¢, }K) 2
(15-u) (+-u%) £ ( %)

and by comparing this expression with (48) we obtain the required residues

of the poles, namely

T,(s) = &8, T, (u) = gy (G} + 246})

L(e) = 2846, B(u) = 26,6

Ty(s) = &y¢, I'3(u) = —gyC)

Ty(s) = -&,8, Ty(w) = -gyG} (68)
I‘s(s) = gYG1 Ts(u) YG;

Ig(s) =0 I%(u) =0

Ty(t) =0 if5 2gy

I (t) S (e - e -'JTK) .



ve ANGULAR MOMENTUM DECOMPOSITION.

In order to project out the angular momentum statos of the Born terms
we employ the following method; The T~matrix is first reduced to two-
component Pauli spinors in the barycentric system of reaction I and the
resulting Pauli amplitudes are then expanded in terms of e}.ectric, magnetic
and longitudinal multipoles. These relations can be inverted and, with
the aid of the inverse relations: between the Dirac and Pauli amplitudes
(Ai and 31 respectively), the required multipole projections of the Born
terms can be performed. Finally, the isotopic projections of these 3iR(B.A)
can be obtained by utilizing the isotopic depesndence of the form factors

given by equations (58), (59) and (65).

S-CHANNEL REDUCTION.

With the identification

- 6 Frs "
“Y('Pz)[; AiMi]uN(P‘l) = Xy [ 2 Jify ] AN (69)

and the following forms of the fi's

2
f1=12._§ qf4=10._g_g.§
akf, = g g.(k, a) k2f5 =1 0k k.a (70)
Qka = 1 9.1—{ _g..a qk:f6 = i ged Eoé

where a 1is the gauge invariant three vector

a2 =e - k (71)
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we can relate the }i‘s to the Ai's with the aid of the barycentric
relations (13) and the explicit forms of the Dirac spinor given by (16).
The resulting set of linear equations are as follows

7

q.k
A, + —— (A3+A4) - (W—M1)A4

o(w-m)=F1 T pow
1 1 1
2
+ A Ag
o,
"'01 ’32 q°k
———=— = F, = 4, - -—-—(A3+A4) - (W'M1)A4
ak(W +M1) L
. af 5
W,
-0 . B 2
—2v3 Fy = ———— h,+ (&3+h)) - i A
ak (W+I£1) - W+ W+,
- -B 2
—2-—21— = F) = ———— U+ (A3+A4) PR S A5 (72)
a0, (W-1,) V-1 W-1
2 1 1 1
0.1
—& — — — — HE I —
2 = F5 = Ly + ah, (w 1&1)A4 a.k A5
- (W+M1) e
'3‘ k Q.k
6 )
— 2 = F, = = et A =gl + —— (A 4,)
a 0, ) 81+M1 1 2 81+h1 3 %4
k (W+ M)
0 1
+q.kA5+ e, 7 H (A4— A6)

1
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where
2 o)
- v 342
p=2k +Zh (73)
(e, +M,) -
02 = (e,+M (e 4H.) 00 = —t 1
1 1™ 22 2 (8 N )
22

To perform the multipole expension we proceed as follows. We
expand into a complete set of states of orbital angular momenta 1 and
among these states some will refer to states of total angular momentum 1+5
and others 1-%. These states are separated by the introduction of tke

projection operators

1+1+0 .Laqg 1-0.Lag
P = P =
1+ 21 + 1 1= 2141 (74)
where Lg = % q ,\Eq is the angular momentum operator of the K-meson,

A further classification pertaining to the photon state must also be included
ags some states transform as transverse pseudovectors (magnetic with parity
(-1 )1+1), others as transverse vectors (electric with parity (-1 )1) and
still others as longitudinal vectors (longitudinal with parity (-1)1). There

is no scalar radiation here because of the Lorentz condition (35)s Thus

we have
Magnetic .4 &b
Electric a.k EE
Longitudinal 8.k (75)
Scalar a
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Finally, as the relative intringic parity of the initial to the final
states is odd, we must include the factor O_ .g on all terms.
Hence the required multipole expansion takes the form

3

-4

AL £ E NP

1
- geaPy, Bk,L B,
+ O .9 1_ _ok _I:k. E (76)

1 -
- - o
7(1+1) 8 g P, ak Lsq

1 +
T 1 g.9P_ak L1_1] (21+1) P, (cos9)

where Pl(coss) ig the legendre polynomial of order 1 and the following
notation is implied (Multipoleﬁ absorbed giving a (KY) state of total
angular momentum j=1K¢%-(for magnetic radiation lKél and for electric and
longitudinal radiations L, = 1 + 1),
When the above operations are carried out and compared with
6
= )] T,
3 iti (77)
i=1

the required multipole expansion is obtained namely

. _a Yt - - +

’}1 311 1)h1_1 + (1+2)M1+1 + El-!-'l + El'-'l ] %l(x)

3‘2 p) [(1+1) M; + 1 ] P!(x)
+ - ~ +

‘}3 3[—}“[1-1 Mg P Byt By J Pi(x) (18)
i+ " — i+ n

J4 =3[ - -5 -E ] H&

]
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!4

. I A ‘:f, > + — - ] t(~
Js =~fA-xpt [1 L, (1+1)Ll+1 P (x)
’ ' L +
==X b - ! .
e 334 + [1 1y - (1+1) 1 ] P (x)
The final stage in the s-channel reduction involves the inversion of the

relations (72) and (78). The set of six linear relations (72) can be

inverted in a straightforward manner to give

wWe Mf \ 2 k, 22
A, = — (W"'M1 -t F, + (W+M1+ ) F,
AW ko W-—M,l € 1+M1 W—-M,I
F F oM, A2
- M, q.k ( CIRR— ) o+ ; (F +F6)]
-1, T, i -Mf
wear 1 N k, N
A, = —3 | - -—(F1+F5)+ F,
M gk WL, o b, M,
) 2
+ . F - + F
e T 6] (79)
1 -~
we- M12 k, T, 22 : )
A, = -F, + R — g Y
3 4ka0 Toeg gy 1 2 g -Mf
F F
+ (2 _+q.k) ( 3 —2 ]
-1, W,
we- i kWL A2 ( |
A = F, - F F+F
4 4\’]21«:0 LI S 2 \72~M§ 6

V-1t W+M

F
- quk (—— + ] )]
1



B W- ( ) WM,
AL = - (F4F_) + F
> P, gk kP [ TS g 6
k W+, (W+M1 a 1
+ F_ + Fy F 4)
g \ .
1+M1 ] _1.1.1 5]
W - Mf : ) X
A, = - - (F,+ F+ F F
6 4W2 ko 1775 76 eyt M1 2

To invert the multipole expansion (78) we employ the orthogonality relations

of the Legendre polynomials.

+1
R
2(1+1) -1
) 1 +1
o - S
21
-1
1 +1
+
B e ee—
1 2+1)
-1

The results are

Py - P1+1(")]

21+1

Ly N
dx [31 Py(x) = ToPypq(x) = 13

Py (x) - P1+1(x)]

H
dx {_.T1P1(x) +:J12 Pl-‘l(x) +§’3 -y

Proq () =Py ()

dx[% Pl(x) —5721914_1(;:) *%1

Py (x) = Byp(2) ]

21+3

21+1

+;4(LH) (60)
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1 +1 . , P, .(x) - P, ., (x)
_ b y "y 1-1 1+1
BT {1 dx{:T'.Pl(x) " FoPraq () = J3(1+1) 141 -

”t..! 1 Pl_z(x) = Pl(x) ]
J4 21 - 1

’ +1

L-]l: = m f dx{(:}" + xg3+ gs)Pl(X) - (x34+}6) P1+1(X)]
-1

- ! 1 Moo M a1
Ll = Z— J' dx [(3‘1 + xj-3 +j5) Pl(x) + (xJ4 +?6) Pl"‘"(X)J

-1

This completes the s—-channel reductiona

U-CHANNEL REDUCTION

n order to perform the reduction in the U-channel we introduce the
S-matrix for the process ¥ + Y —» K + N , This process is equivalent to
Y + Y- N+ K by invariance under charge conjugation and by the
substitution rule we can obtain the S-matrix element for y+ ¥ — K + ity
from that of Y+ N—>K + Y by replacing P;9~Py; u(p1) and E(—pz) by
~Pys Pos v(-p1) and w';(pz) respectivelys We then have the S-matrix in the

form

s = i(2n)* 6(kerp,+arp,) ¥(p,) T v(-p,)
with

6
P = ? A, (syu,t) M, (81)
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Using the identification

;(Pz)[ 2 AiMi]v(-p1) = XY[ 2 h fi} X

i=1 i=1 N (62)
land
with the fi defined by

= ; 2 :

f, =18 .2 Q,f4=1g_.g Q.3
~ 2 _ .

K £, =~ g.(K 2)g.q K® £y =ig KKz (83)
S ~

QI< f3 = - Qol{_ _Q,c?-_ QK f6 = lq_cg K._a_

~
Vie can relate the“}i's to the A;'s with the aid of (17) and (20). The

required six linear relations are

~S
31 T -7 Lk (2) + (et -21) A
= = A + —A-) + (+M. =
Oy(wuy) 1 ew, 43 2770
2
A g;;
w-M2
Eh 5% Sy - e,
QK (w+i,) QL
2 ~
+ A A



~ | "
—02 3'3 ~ns f: r~ ~ A A r~
— =Ty = — 4, + (A4-A3) + A
K (w +M2) W+if, o 4,
2t 5 . L Y LRy - 2 T
= (e Y 4 2 473 _ 5
Oy o) F e @ -l
fbﬁ L
—2 95 T Lvi. - ~
2 Fo= -y + 08y = o+ 1, - 2M) 4,
~ ~
+ qek A5 +(w+M2) A6
o~ K —~ q.k —
— =Fg=- —— & -Gk +— &,y
05 QK B+ U, B+,
+——— (=M +2M,) A, - g.k A
B, +1 ) 4y 5
22
K
+ =2 (o 1) K
B+,
e
where
X:(DK +-‘§q,1c
o] 2
~_ é 2
B= 2K +ZN
E+ M
~2 : ~2 2" T2
03 (E1+M1) (E2+M2) 0, = ——=

42,

(85)
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We observe that the relations (84) could have been written down from

the relations (74) by means of the sutetitutions

A => +E (+ for i=1,2,4, ~ for i = 3,5,6)
ko-)Ko, k3K, 9@ V- o, EZ|"> E, »

e, By 03T B3B, 0,37, 0,57,

..A - - (e
and M1 o Mz except for the coefficient of A4

the term M, of (38).

wherc the masses arise through

The multipole expansion for the u-~channel may be obtained directly

from (78) by invoking the substitutions
L™
o1
}i — Ji

(Multipole)l —_— (Multipole)l

We finally invert the relations (84) to complete the u~channel

analysis.
2
~ "Mg A2 |~
A, = ———= | (0= M +2M, = ) P, 4 ———— F+F
L 4 oKX 2 1 W+l 1 ]\_§
o} 2
X w4 2
+ 0 M?. (Cl)+ M2_2M1 + A ) ,..F\‘;
w-'r,
E2+M2 L2 u)+1\212
T. g
- 24 gk ( 3. 4y
W = W+



&1

1

5 9
M 1 2 K 2
o 2 — [- 2 (F +F5)f L ¥,
4 <, q.k 5N w+M2 E2+ Mz w - M2
. 2 A
+ gk (F\‘;—- 3‘44) RS- 1 ]
© =i,
wz_Mg ~ KO w+L42 ~
5 F, - F2 + (F +F )
40K B+, w-M2 w? -m2
-~ ~
3 Ty
- (Qk + 20K ) ( + )
(D:Mz (L)-‘l-M2
S SUI & (O sgegd
F, - F. + (F+F
1 ) 5 5%
40f ¥ B, -l o Mg
T F
- gk (—2—4 —& )} (86)
-, 0+,
® e [ X M
- -~ W+
2 5| Fot¥g - — (— )’;2
4w 2‘KO q.k - A E, + M, w-1L,

- ( w Fg ~ —= Fym Fy)
w-m2 8
a2 b
4wK E2+h’12
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T-CHANNEL REDUCTION

In order to perform the angular momentum dccomposition of the t-chamel

we again use an identification

S(en) 6 t16 5 o)
u(-p p _ _ ! +. L,
R v(-py) = X [_:.2=1 t 1j X (87)
where the ?i's are defined by
pf, =ip.a wfy=0.(x, s
p'i"z =g . (psa) x'f‘5=igg.;a_ (88)
px?s =g.2_2-(2gA_§) Px E'6 .a~(.EA2£.)Z.°E
with
e
(¢]
a=8- x
%
o]

The use of (21) and (24) enables tho above identification to be made and

the relations between the Ki's and the fi's are as follows

0, 's 2 .2

1 S = - ° —A 2y =

=% (A,+AL,) L2 (qk+3Kk°)E
p(R+2) | o1 4 29 i 2
A T er
* (q.k By kA6)

< o ) ) -
-91——‘1_2_-—- =F, = (A1 +AA4) + % (q.k KS —sz,e)
pA(g+2i) ©
5, §
A3 . % - (T = -

5 = Fy= (& +4%) +ef, (89)
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o, & - " 9% -
- = F4 = (A’I + AA4) - — A4
2M%(p1O+M1)(SB+ A) oM

-0, "% - A2
L ?5 = F =[P,k'§2+ (q-k+k2) 5] —s—e-z——A—)
(S+ 2i)ax 5 2 2R

20 @ = 24Pk

+ (X, + &,)
-0, %
=F = A +A
N 6 = 43 "l

We now proceed with the angular momentum decomposition of the ‘i:ii
amplitudes. To facilitate the decomposition we introduce the helicity
amplitudes as treatcd by Jacob and \'Iick(41). The virtual photon has
helicities A = + 1, O and the anti-nucleon and hyperon can take helicities
?vﬁ = +i an(;YKY =+ 1 respectively; We select only the +1 and O
helicities for the virtual photon since the case of ?\Y= -1 is completely
equivalent to ?\Y= +1 by parity considerations of the resulting helicity
amplitudes. The following coordinates for the three-vectors p 4, x and a

are also selected

R=De,y X = NcosY 23 -xsiny e,

with

lo

=/% (cosy o, + ig, + siny 33) for?\Y= +1 (90)

and a =:’L_g3 for%: O



7‘Y = + 1
— 6 Ll L4
Inserting (90) into (88) tho completc amplitude tf = 3 % ?fi
isl

takes the form

!

'j' O = +1) = - 1 ()3-1 - - ’_3;4) siny ~(‘3._2 + '3.—4)(1-1-005\1;)
¥

...(3_2 - 5(.4) (1—cos~¢;) (3.1 + ?3 + 1’34)sin’¢f
(91)
which can be equated to the Pauli spinor form of the helicity amplitudes,
namely
- A A
‘}(7\ ) = £, ¥y £27 4
Y B 2 2
(92)
:t‘-)\Y :E"hY
43 % %
Thus
- £ 4 - ity
- JE 31 ~ 2 2 2 5
sin ¥
1 £t 14
\/’2‘32= 22 - 2.2
1 + cosV¥ 1 =~ cosV

sinqy (93)
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fll 1 f111
g b b
1 + cos¥ 1 ~ cosal

The general expansion of the helicity amplitudes is given by

, 1 J
Bhg aghy (997 ==y (300 [T @l 1)

*

c Ty (9,9

for the process a+ b = c+ d with A = la =N, and p=2A ~-2A

b c d °

Hence in our case we have

1
A O

2 opw

1 S 1 =1 J
153 (+8) T; &, () (94)
J
fry, = —— 32 (J+d) T;H a4 (¥)
22 DX J

thay= == F@d) 17 el

where tho energy dependent amplitudes Tbi'i1 are the T-matrix elements

for the transitions initiated by a photon of helicity +1 producing a hyperon
of helicity +% and an anti-nucleon of helicity +% with total angular momentum
J. The first superscript on 'I'J reprosents the hyperon helicity and the

gsecond that of the antinucleon. We can now use the explicit forms for the



d.ip(\lr) appcaring above, namely

1

J —_— . 1
dm(q;) = \/? =) siny PL W)
d‘L(W) i ._P:T:l.,_ _ (1 = cosy ) N (1-cos1ll)2
1 + cosy 2 J -1 27 (J+1)
dJ (W) P (1+cosV ) (1+oosll1')2
..-.._...1;1— = J—1 o+ Pl +
1 - cosy 2 J -1 23(3+1)

Inserting thesc oxpressions into (94) and using (93) we have

2 1\ o~

e

26 omp, ro0ry ) - (o) o 2y ]

C.f_l
n
I

- 3| oy (y,, + (Fr1)PY_) ~(3+E)(a] PY + ejrgr)]

g
n
o

3 ol
2 .._ + " - 1y o~
34 = I L% ay (JPY , + (3+1)PY_,) - (3+%) o5 P}}]
where
=1 —+1
5 T
J J(3+1) V2o
1 1
o . r I
J VI(GH) /2Dy

49.

(96)

(97)
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.

VYle can immediately write down formulae analagous to (91), (93) and

(94)s They are

_ - i?:q-*—cosw ?5 - s:i.n\]fj}-dr + cos u;sim}fié
‘}(KY= O) =
siny g, - cossiny FireodFs | (9)
- - o
‘31 + 0051113_5 = f %%_
siny (3,4 - 00s11136) = fo-'%% (99)
and
1
o _ ++o J
f13 -\/__—-I-)—-x__ ?'JI (J+%) T a (V) (100)
Y= Jew el

But we also have

a ., = Pyy)

and (101)
J J
d=-1 = d10

so that we mey write

cosy 3'5= -'31 + 3 (3+) Y(1) P (V)

cosV ‘5.6

Fa * 2 (34 {2 i) (102)
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where
++0
LA
J
v Px
(103)
-+0
Y(2) i T,
- =

Vv 3(+1) V pu

We now analyse the amplitudes or"-'-, Bi and Y(1’2). The parity operator

GO . J-s_~
{ on a state \J M ’Aahb> gives 1, nb(-—1) Sa % lJ L > and

80

\/% (i+ i‘.> + I- '-13)) have parity (-1)J

\/;_( l+i>_ '_ ;>) have parity (--1)J+1
and
‘;5 ( §1°>.".'. ‘ -1 0> ) have parities (-1)J

and (-1 )J'*'AI respectively.,
This means we can form the following amplitudes under parity conservation

3 - Al =] A1) £ o)) (102

oAl T A 21 9]

and also the equalities

<ii\T‘I

(105)
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Hence on rearranging (104) we have

+ +=1 —+1
a7 Ty L
(106)
+ ++1 —_—1
bJ = TJ + TJ

where now the amplitudes a+, 'b+ represent transitions to final hyperon-
antinucleon states of parity (—'I)J and the amplitudes a , b represent
transitions to final hyperon-antinucleon states of parity (~1 )JH. The
former are therefore magnetic while the latter are electric. The only
further questions is that of determining the total spin of these four
hyperon-antinucleon states.

It is a well known fact that for states labelled by the third component
of spin ) + +> y J% U ‘r-> +‘ +>} and ‘ ——> are triplet states (spin one)
and\/% h—l--)-‘ -+>J is the singlet state (spin zero). With our labelling

- . s = 1{75 ..
of the helicity state.ei )YN > the |+—> ' /3 |,++>+ \--)]a.nd '—+> are

triplet states and \/15

l ++> - l —->j is singlet. Hence we may write

o

+ + :

ay = My, b7 =T (107)
— - i

ay = B by = é}Jo

where the first and second indices denote the total angular momentum and
the total spin of the YN pair in the final state.

For 7\,Y = 0 (longitudinal transitions) we have

Cla\oo> = (-1)J\oo>



and hence 53.
{1 - Al zls - ] )

with parity (-1 )J in the final ('l:riple'l:) state. Summarizing we have

=1 4+ gt
u:; = 2 J =, triplet (-1)7
J(3+1) f2p %
41 -1
T + T
B} = J J - =m triplet (~1)J
VI(T+1) Vepxn J1
=1 —+1
T -~ T
cu} = g JJ =EJ1 triplet (—‘l)J'Pl (108)
J(I+1) V2p %
ER --1
T - T
83 = d J - =EJ0 singlet (--1)J+1
VI(I+1) V2pu
++0
T
1
Y; = S — = Ly, triplet (—1)J
Vv Px
)
iy
Y2 _ J =IJ1 triplet (—1)J
J I+ J/ox

vi THE K CONTRIBUTION.

The K* resonance in the K-t system at 880 Mev and I=} (42) can
*
contribute to the t~channel through Figure III. The spin of the K 1is

(43) and its parity -1 (44). If the spin

now established to be unity
*
of the X is zero, then it will not contribute to this reaction since

¥*
zero spin (s-wave K xresonance) would imply that the relative XX parity
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is odd and by parity consexrvation the KK# vertox ocould not exist.
We introduce the K* by a pole at t = Mﬁ and since the K* has isotopic
spin %-it will contribute only to the I=} component of the scattering

*
amplitude. By Lorentz and gauge invariance the YKK  vertex can be written

as

2
A ens oy B 4 (109)

»*
and the NYK vertex can be shown to be

u(-p)il g* v, + G* o,, (-p=3,),] v(-p,) (110)

The vector boson propagator is given by

* (111)
Thus the contribution TK* to the scattering matrix is given by
* = - (-
T* =0 (k+q-Q) u(-p,) Ae wrp  %x%p
- 2
gllo Qqu /M*
2
i - Q (112)
i [g* YO + G* 00% (-p.l-pz)%] V("Pz)
Because of the complete antisymmetry of the & and the fact that

HVYTD
Q = kt+q the second term in the numerator of the propagator drops out.

After a somewhat lengthy computation the result is
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A -
T % = —5— u(—p)[&*(AM-M)
X 2 1
W -t 4
ol (aue + 1) u AY
+ + -
\ 2 quk + K° 2 3
2 Puk . (113)
- ——— M+ M v(=p 113
2.k + kS 6) 1

If we now introduce a factor

* T, (X)
Ali (syt) = —%—— (114)
M -t

*
in the equation (48) then the residues of the K pole will be given by

r (&) = A\'g*A v G, t:l
. 2 (qk + K2) -

T -

25 [: 2 quk + k° G*J

n) -l 0] MEY=A[-9,]  (5)
. -2 Pk

() =4A a,

5 [ 2.k + k2 }

r(x') = A [ A G*:)

The isotopic dependence of the form factor A(Xz) is given by
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v
AT - A '?
v
v—
A - A for K production
v a
A° - A (116)
s
and
g
At - A
s
s for K production
AC A
8 -
. *
where we have used A= '/\s + '173 A , @8 the coupling congtant for the YKK
vertex.

*
vii EVALUATION OF Fi(B.A) and Fi(K )

*
The task of evaluating the Fi(B.A) and the Fi(K ) is quite simple.
The Fi(B.A) can be obtained by inserting the relations (68) into equation
(72) with the aid of (48). The results are as follows (the subscript Y
being omitted from g)
' —
2 * =3 *ehy \T

R L M- u V- M

F1 (B-Ao) =
1

et Gt (W41, ) G oM 1
Fé(B.A) = 1 + . 12 2

+gG}
Mﬁ -8 Mg-u Mﬁ - 8 2 Mg - u V+ M
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— 1 ! 2
F3(B.A) i 2gG; ) 2gG2 _ gtzk
() (2-w) 15 - w (w42, ) (' =)
f 1 2 ~
F4(B.A) = I N + g:ik
@) () - (v-15, ) (=)
gG 8GJ (W-M,) &G,
F_(BuA) = —— e o — 1 12
? 22 2 € - (117)
. (W+M1-2M2) g6} _ 2q.k & '}k
2, 2
Mg - u (m° = t)
(5.1) /1 W+, . ( 1 L,
F(Bed) = =gG,| 5 + +oG? —_—
6 ¢ 1&7\2 (s1+M1)(Mf-s)\) 1 \.')\2 (81+M1)(N§-u)

k| RS ‘ (ko(w+2nf[2-m1) +2q.k)

€0
2o 1 -5 2 (Eau)0E - )

2q.k g}k
22 (o - %)

+

*
In the same way the Fi(K ) can be evaluated by inserting the relations

(115) and (72) with the aid of (114) and (48)s The results are

) +¢ (t -

W ~i V-

dek (q.k+k2) A ) ]
1 1

. A
R, (K) = r}}g (W-u, +

-t



% Y_ qQ.k { (gek + X°) A »
F (K) = 9 g (W, - Y+ G \t - )
[_ \H«M1 oI, ]
AT A
¥*
F(K)= —s—— | =g+ G (T-~MN + )
3 I -t \ 2w

F4(K*) g =G (U, + (118)

A
0 -

* (W+M )k + qek
Fe(£")

+G(u—M§+ 7{?)

€, + M1

Fs(K*) = {(W—I%)g + G k(W+M1)(W+M2) _— } J

(kot + A (q.k + ko(W+M1)) ) —)
81 + M1 J
(45)

I+ has been shown that the ratio g/@ is oqual to the ratio & /ﬂ(o)

where &, and d{o) are the vector and induced vector coupling constants
for the leptonic decay of the hyperon. d(o) is usually neglected in

comparison with &, and so in what follows we set G cqual to zero.
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viii SCLUTION OF THE DISPERSICN INTEGRALS.,

We employ the method of Blankenbecler and Gartenhaus(12) to solve
the one-dimensional dispersion relations in the energy region in which the
P% resonance or the FS/é resonance is dominant. This is the method that
hag been applicd to the electroproduction of pions by Blankenbecler,
Garthenhaus, Huff and Nambu(ﬂ1) and to the weak production of pions by
Dombey(zo) in the energy region where the first pion-nucleon resonance
( P3/2 resonance) is dominant. This approach is quite general and can be
applied here with only minor changes.

It is assumed that the resonance-~ the B% or the F5/é - in the
s-channel dominates the one dimensional dispersioﬁ integrals so that the
regults are confined to thosc experiments in which the barycentric energies
in the s-channel (the barycentric energies of the final KY state) are near
the resonance energy. No assumptions concerning the effects of recoil are
made nor does the method employ a partial wave expansion., In the case of
photoproduction at low energies an expansion of the amplitudes in inverse
powers of the nucleon mass may be presumed to converge rapidly since
the only terms that occur of order ¥ | are M | and (W-Y) MT1, which are
small. In the case of electroproduction there is an additional quantity
available, namely the square of tho invariant momentum transfer given up
by the electron, 12, and terms like K?(W-M)~1 ¥ also appear.

Such terms are not small since wide angle scattering of the electron can

produce the resonance cnorgy in the s—channel even with 12 = M?. Thus
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the recoil expansion is inconvenient and the method assumes no such
expansion.

Ve assume that the amplitudes in the dispersion relations have a
certain known phase and that the contributions from the u-channel can be
neglected in the spirit of the K~meson photoproduction analysis; Thus from

(48) we may write

B.A &t ; 2 Im Ai(s',t) ds!
Ai(s,t) = A (s,%) + A (s,8) + =
n S, s' - s (119)

2
where s = (M1 + p),

By a slight extension of the method of Omnes(46) the following formal

solution of (119) may be written

o0

oxp (p+id) S o P (s") sind (s') Bi(s"t) dst

Ai(s,t) = Bi(s,t) +

Vi 0 s! - s
< O (g') ds*
where p(s) = lp
T S, s' - 8 (120)
and

B, (sy6) = A, (B.s) + Ai(K*)

A first approximation of (120) can be written as

oxp(p+ib) f% e -p(s')siné (s') BiR(s',“b)ds'

Ai(s,t) = Bi(s,t) + : '
™ o g' = 8

(121)
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where BiR(s,t) are the resonance projections of the Born approximation
Bi(s,t). Further, for s in the resonance region we may expand the

exponential terms as

ep(s) - p(s') = 1+ 8 (8" = 8) + eecenns

Under the integral the second term will be small compared to the unity so

that near the resonance we have

8 oo ind t) B. l,t ds!
Ai(s’t) = Bi(sgt) + -e..x-f—]_.._gi?— P J’ sin (S ) iR (S ) 8
= 8 st -8

o

(122)
The principal value integral gives the enhancement to the resonant state
and, in general, will give the enhancement for a resonance of width T'.

But in the resonance region we know that a Breit-Wigner formula approximates

the dispersion integral hence we expect the form

B.. (s,%)
a,(syt) = B,(s,t) + ;R
1= /s~ iT (123)
or in the resonance region
B. (s,t)
1-5/ ~4irT (124)
SR

It is this form that we are interested in and our next task is the

determination of the resonance projections of the Born approximation.
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¥*

Be. ' K
Byo(sst) = Aprd (s,%) + AG (sy%) (125)

Now from (72) we sece that the amplitudet}i are linearly related to the
amplitudes Ai and as it is more convenient for the differential cross
gection evaluation to work in thce barycentric system of channel I the
expression of interest will be
!
'} _ ‘}iR _
i

1~ 5/sp = il . (126)

~~
where again :;iR reprcecsents the sum of the resonance projections of the

amplitudes (BuA) and’ .(K&) given by (117) and (118) rospectively.
i i

ix, THE DIFFERENTIAL CROSS SECTION

Recalling the definition of the S- and T~matrices, (25) and (26),
and the normalization of the spinors (6) the cross scction can be written

in invariant fcrm as follows

3 3 3
1 1 4 d 22 d g d _ZI’_.“2 ' o
do = — 5 “(;-2y) i
(2m)° 32F P20 % %20
(127)
whore F is the flux givon by
2 _ 2 _ 2
P o= (pper)” - (128)

\'m\z = apims |7 )
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Since we require the cross section for inelastic electron
scattering, that is, only the final electron being observed, we must
integrate out the final hyperon and meson momenta. This is easily performed
by noting that the quantity

3
25 a’g

6% (o rariern,) (129)

m[’

is a Lorentz scalar and may be evaluated in any frame, and in particular

PZO qo

in the barycentric frame of tho final hyperon and meson. It is therefore

identical to

2
q dg

|

- 6(82+q0—W) dsaa
2

which can be integrated to the form

-mpP 224

I

If wo now expross the final electron integration in the overall laboratory
frame and introduce capital lctters for laboratory quantities then the
differential cross section for inelastic electron scattering becomes

a%o 1 R

- 2 (M%) (130)

5
dR, aR g (27 32 MR,
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whero the electron mees hasg been neglectod where convenient and the

quantity {"M° is dofinod by
\

(131)

Q)

(e - S%hnlf a2

It is this quantity that has to be dctermined and for the first stop

in its evaluation we rccall cquations (69), (70) and (71). If we write

'J- = :}ta €, (@ = 1,2,3) (132)

with
2
. . » ' k
H a lccn?1 ta g'-zl\ka, (vf2 +§6 - _1;2_ (X}Zl +g6))
o)
+i_q.§_fia‘3 +ig_,§aa'}4 : (133)
”~ ~ 2
-ig Goko ,+ 10k -5 G < )
o)
and -
e _ cu (-rz) Iu u (1‘1)
wo 1c2
then
where 'I'
'1‘0[’{5 = % Trace (;CL::;B)
and 4 (135)

€ = % Trace (Ga 66)
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The electron contribution Eaﬁ may be easily computed to give

2e2 L .2
€ap = 57 [ TaTip ™ % Tip " Tdp T ED %ﬂ] (136)
and the tensor TOLB can be vritten in a simple form as
4 3
Tap = 2 T Iy (137)
i=1
with
: 2 L%
Lqﬁ = 6@6 LaB = kakB
3 _oan 4 _n "_
Laﬁ = Lig LaB - qdkB

It should be noted that since EGB is symmetric the tensor Taﬁ should also
be symmetric., This means that Lig should really be symmetrized. However,
when the contraction (134) is performed the resulting expression will be

correct, The saturation of the tensor 'I'OL with the tensor Eaﬁ gives

B
2
2e
2 2 3.2
\’m‘ " A [(251 oz t5a) T
1 — o1l i 42
+ oz (2rpknk - ok + %) T,

+ 15 (221-3-23-££1-3+%7\29.2) T
. 3

+ — (er,-kry.a-akzk- K Iieq+ $2% g.k) T4—;

T (138)
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This means that the differential cross section takes the form

2 2 {

d-o e R’Z q

= 5 ) Quantity in squa.re.} df
dR, 4g (2x) 16M,R, WA brackets in (138) J 1

.

(139)

and the integration implies that the unit vector g must be taken over
the whole of its three dimensional space. In order to perform this
integration we take 'l'_c\ fixed and the angles a, 9,¥ and & are defined by
the configuration of Figure IV, The relevant formulae for the integration

implied in (139) are

dga = ging d¢ &

and

cosa = cosdcos Y+ sind siny cosd

The d% integration can now be performed to give

: +1
j{(ﬁs)]d (coss) a® = 4x S F(cos9) d (coss) (140)
-1

where

Mcosy) = T1(p1+p2) + T, py

2 L .2
+ 'I‘3(oos 9p, + % sin epz) + 'I‘4 Py

coséd

and

= r? cosz\y = r,keosy + 312 (141)
2
1

p1"
b =7

sinzwy + & 7?
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We have yet to definc the four quantities Tﬁ (i=1,2,3,4) and as they

do not occur explicitly in the final form of F(cos9) we omit to give them.

Instead we write

F(x) = AEP-I"‘pz) + B(g p1)
(142)
+ 0(Epa® + % (1=P)p,) + Nxp,)

with

sA P B P - (4D
5= %" B° A%I°
rave (5 - % ek e (143)
e N A R G A P P AR A
c- BT G R R R R Rk
- % -B% - R ]

and
24
g = =
k
o}
Since we are only intcrcsted in a B% resonance and an F5/2 resonance

in the s-channel we keep only the relevant multipoles as given in (78)

and insert them into the functions A,B,C and D of (143). The final



integration over cosd can then be performed,

68,

Thus for the two cases we

have
P, RESONANCE.
-
?1 =t{‘3 =3§1 =3’5 =0
and T, = M, Fo = 1
2 2
Thus F(x) = P, M _ +€p1L1_
1 r 2 2
and S F(x) dx = Zivpz(M_l_) + E p1(L1-) ‘j
-1
Fy / RESONANCE,
3—1 = 12x 3x
1. 3(5x°1) 0
i, 3 3
‘}4 -15x -15x
15 / -15_ ~6x
3[6 / 15x2 153:2

—9x

2(5x%=1)

Inserting these valuos in (142) and (143) we have

(144)

(145)
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45 54 45
(— + = & + = £ (u)?
4

+ pz(% + 24 42 . ig— x4) (E3_)2

+8p, (22 (1- 2% + 5 (1,)°

2
+ p2(- g + 81%° - —122 x4) (M3_E3_)
and so
F(x) dx = 18]7p2 (2M§_ + E%_) + 3Ep, Lg_] (146)

Xo NUMERICAL ANALYSIS

In order to usc the quantities given by equations (144) and (146)

to compute the differential cross scection we must project out of the Born
*
terms and K terms, given by cquations (117) anmd (4118) respectively, the
relevant multipoles. These aro M1_ and L1_ for the Py rosonance and
2 ,
M, , E,_ and L for the F resonance. Ve treat the two cascs
3-7 F3- 3 5/,
simultaneously and from the relations (80) we have
+1

W=k J ax[-‘Jl1p1(x) + 42, (x) + 1752 () - Pz(x))] (147)

+1

4- % J ax lj(?,l + x}% +3-5) P1(x) + (x ;{4+ ,JG) Po(x)]

-1

|

=
[



TO,

¥, = % {1 de-‘}1P3(x) +}2P2(x) + %'}B(Pz(x) - P4(x))]
AT PV \ ' .
By = % {1 dx)ij‘alPB(x) LR, (x) - % }3(1’2-1)4) - %h(P1-P3)]

1 (148)

Iy=§ J d"[ (Fi#=J3#s) Bylx) + (=, +fp) Pz(x)]

-1

It can be seen from equations (117) and (118) that, with the aid of
*
(15), the denominators in the expression for Fi(B.A) and Fi(K ) which arc

cosd dependent can be written as

2
1 _ 1 1 . _ AT+ 2ko ey
Mg -u 2qk a+ x 2qgk
2
1 1 1 A%+ 2q (149)
= b =
m2 -~ 1 2qk b-x 29k
1 1 1 Mﬁ - m2
= c=h+ ——
ﬁ -t 2qk c - X 2gk

On performing the integrations in (147) and (148) the following

functions occur
+1

+1

!P’n(q,) _ Pn(x)dx Qn(q,) _ Pn(x) dx -
-1 a+ X -1 o =X 150
+1 xP_(x)dx 1 xP (x) dx

¥ (a)= S —F—— g la)= S B

-1 o+ x -1 A= x
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which may be expressed in terms of the Legendre functions of the second
kind, namely

+1

Qa) =% J

-1 a - X (151)

Pn(x) dx

Thus
¥ (a) =2(-1)" @ (a) 3 (a) = 29 (a)
¥ (a) =2(-1)""aq (a) (n21)
g (a) = 2R (a) (n21) (152)
¥ (a) =2Q(a) g.(a) = 2Q,(a)

The expressions for tho relovant multipoles as given by (147) and (148)
can now be evaluated in terms of the Qh's and each multipole will, in
general, consist of a sum of the six form factors G1,G,'|, G2, Gé, ;K and A

with certain coefficients which are W and ')\2 dependent, It is

oconvenient to rearrange these lincar sums and write each multipole as

6
Multipole = 2 Py Mi(W,')\z) (153)
i=1
with
o = & g &8 gy g e |
(154)
where
G1 (?r,'I

+ G By = + G!

B
>
[j»}
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Ve now list the expressions Mi(’ﬂ,7\.2) of (153). They aro

u_(pp) = & o
M1_ (p2) = %— 0'7
u_(py) = % g -ay0 3 (0, - Q) (155)

- 1
My (py) = & o9+ apQ = ol + a3 (Q-q,)

M1_ (95) = q
M1' (p6) = = (2qk)—1 [ (Y1+ CY2+Y4) Q1 + Y3QO

fp o QO-Q.Z)]

L1_(p2) 01
L(py) = k0 +0,Q +o045Q (156)
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L, (pg) = (2g0)7" [(Y13+°Y14+Y16) Qt \(15%]

and

M, (P ) = M (py) =0

By (Pg) = =5a.7(&-q)

M3_(p 4) = -15 [az%- 0yQ, + 0y 3{- (0,2—Q4)] (157)

M, (P) = 1o 7 (2,9,)

1, (pg) = (5a)" [ (r roxy) gt (rgror) &
*vge (0 |

B, (py) = By (py) =0

B, (py) =3 [4%. L (0;9,) - 350 & (Q1—Q3)]

By py) = 3 [’“2% TRy - Ag. % (@-) (158)
+ 30,50 % (Q1—Q3)]

5, (a)=-1 [4 ase 3 (2,79) =30, 3 (Q1-Q3)]

E3_( 96) = (6qk)™ {(Yﬁ 0Y2) Qy + (Y3 + °Y4) %

=345 5 (8-0) + drge 7 (G - Q4)]
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L3_(p1) = L3_(p2) =0

—
-—

Ly (P3) "151"3 Qy + (o5 - % ag) an“’szJ

Iy 0) - 3 [(5@4‘@2' O1) O+ (b oy 0;3) e, -0, Q,a] (159)
Ly 65) = - 3 [(bo7 ~%0) @ * (0g - tog) Qz]

Ly (pg) = (6ak)™" [(Y13+°Y14) %* (rgt eme) Q'a.:{

where the arguments of the Qh(a) are given as a = a for p1,p2,p3 and ‘h’
a=b for p5, and a=c for Pge

The coefficients of the Qn(a) are as follows

WM, - 2, 2, o, (Wu,)
7 21,0 % T 2qk
Vo q
oM, (W+ M) W+M
@y = Y- 1 o - 1
20, 0,
1 2qk
a = Q, =
5 6
Oy M0,
2qk(W+M, ) 2qk
o —— ag =
0, (W-M1) 210,
2qk
qQ, =




150

o . —2T o . 57
1= ; 2 = T2
o
K2 2qk O
o 3 = - a @1 o] = 5 2
2qk 4 X
. . K, (W+2MZ-M1) - 2.k
5 =
20,
242 0, (We2ld, - M,) i 2
o = 2 2 1 o) = ____O.___
6 2qk M, f o, A2
2. 2
O, = 1% % 5 - Cloko %
8 gk 76 7 7\.2
gk K2 Wl
o . oo g, = 1
10 5 1 =
ak X0, 2 0,
Ko (W-20+M, ) 22 (W-1,) O
5 M+ ! 1) Op
127 O3 ©
2qk O2 2qk
G = 25 5 = + -3
14 ox 11 O15 =03 "0 ~= 93
2
— l.- - | ) -
O1= 7 % * @A =0 =0y =04

O47= P07 =09 ~Og



Y, = -o, [ (7,) (F15) = ak, ]
.. I N A
Y, = dkO0, Yy = p }'(W+M1)(W+M2) qoko}
q2k2 gk
Y = —— Y= = — (W+M)
4 0 5 0
1 2
2 .,
K5(W - 1) WL,
Yi3 = 5 Y Tig =T = 0
2 2
gk ko 02 ~
Yyg = —_— - (W - M,)
15 . t % M, :}
17 M
2 i
T = 40, (W-M1) - — (160)
e, +M
174
v,, = 0, (u-lt,) ¢ G = S0
11 2 1/ 4 16 k Y2

It is apparent that the above expressions are far from easy to
manipulate in any difforential cross section formula and in order to
procecd further we resort to & numerical analysis. We calculate the M(p&)
for a fixed value of W and a rango oftkz. With m, = 1 +the particle massos
are U, = 6.80, M, = 8.10 (for A) M, = 6,55 and m = 3.58. The
Qn(a) are determined from their exprossions in torms of the hypergeometric

function =~ the general formula being
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I'(%) T(n+1)
(a) = P B(atkdnegmeds 1)
% o 1 (e %) e e 2
(161)
so that
@) 1 1 1 1
GcQ a = 1 + + + + - -+ evacess e
° 3° 5t @ ol
5 (o) ‘ !’ 1 1 1 1
aQ,(ac) = 1+ 3 + + + +  eesees
1 [ 5a° 7o 9a 11 ]
3a.(a) 6 5 20 5
15(], (s = 2 1 + + + o + + poves
* [ Ta? 7ot 33° 143 jl
40 (a) 10 35 140 35
3500 Q, a = 2 1+ + + + + eseos e
> { 9 33t 143 394 }
59 (a) - 8 1 15 210 210 315
315a a) = + + + + + cessee
¢ [ 162 143 143 22160 J

Tho fixed value of W is taken as 12 and A2 = 5, 10 (10) 50, The results
for A production are presented in Tables 2 and 3 for the P%_and F5/2
multipoles respectively.

Now the multipoles occuring in equation (144) and (146) are determined
by the sum (153) so that the form of the vector p; &lven by (154) is still

roquired, In the fremework of tho mothod described in (viii) the valucs

already obtained are exact and as the determination of pi involves a complet
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TABLE 2
m a 5 10 20 30 40 50
M(p1) -0.0268 | ~0.,0288 ~0,0325 | ~0.0358 —0.0388 ~0,0416
M(pz) 14319 1.418 14598 1,760 1.904 2,046
#(py) 0.0132 | 0,0144 0,0167| 0,0188] 0.,0209 0,0230
M(p4) 01759 0,1666 6.1419 0.1114} 0.,0718 0.0197
M(ps) 0.1180 | 0.1153 0,1099 | 0.1048| 0.0997 0.0946
u(pg) || -0.9474 -0,9578 | -0.9622| -0.9535 —0.0387 ~0.9263
L(p,) {-1.0397 | -0.5390 | =0.2792| -0.1851| =0.1400 | =0.0973
L(p2) 0.2712 | 042759 0.2755| 0.2643 0.2438 0.2165
L(p,) 1.0030 | 0.5015 0.2426 | 0,1505| 0.1108 0.0697
L(p4) =0.3182 | =0.3144 | =042969| -0.2700| ~0.2486 ~0,2222
L(ps) ~0.8840 -0.3947 ~0.1561| =0.0813| ~0.0440 -0.0280
Lipg) 0,5577 | 0.5698 0.5838| 0.5890{ 0.5840 0.5762
A




TABLE 3

79

) 5 10 20 30 40 50
MB_(p3) ~0.0050 | =0.0059 |~0,0076 | -0.0093 | -0.0108 | ~0.0119
M3_(p4) 0,278 0.311 0.362 0.394 0.590 0.383
MS_(p5) 0.260 00246 0,219 0.195 0.173 0155
1, (pg) [|-1.84 | ~1.98 2,18 | -2.29 | =2.34 ~2437
By (Py) ||-04655 | -0.681 | ~-0.718 | -0.742 -0.754 | =0.760
E3_(p4) 0.621 0.386 | -0.098 | ~0.577 | -0.814 ~1.36
EB_(D 5) 1.06 0,906 0,690 0.548 0.502 0.388
E3_(P6) ~0.707 | -0.626 | -0.,485 | -0.373 | -0.264 -0.183
L3_(p 3’) 0.312 0.505 0.282 0.252 0,220 0.180
L3_(p4) ~1473 ~1.75 -1.73 -1464 -1.48 ~1431
L3_( 95) -0.273 -0,209 | ~-0,128 | ~0.082 | -0.054 ~0.035
LB_( Pe) || 175 1478 1479 1.76 1.71 1461
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knowledge of the mucleon, hyperon and K moson form factors we employ
an approximation. We set all form factors equal to their values at lg =

times the factor

e 2 .2

F (m?) = ;1 +
L 12

(162)

with a = 0.8 fermi.

In this way we do not take into account the splitting between F1p(?F)
and ng(h?) and the non-zero value of F1n(k2) (47). We are still left
with the problem of the hyperon magnetic moments. As they are unknowm
the only guides for fixing their wvalues are the symmetry theoriocs.

We shall use the valucs predicted by the octet model of unitary symmetry of
Gell-Mann and Ne'eman (48). Even hore, there are three possible couplings
of pscudoscalar meson to baeryon, that is, pure F-type, pure D-type, and a
mixture of D and F. The most favoured coupling is a mixture of D and F,
and we¢ select the couplings in such agway that g.A /é E = -vr—‘ with

5A negative and g /ﬁq:J ) —éEL——- ~’ 1.2+« The same type of
coupling as that for tho pseudoscalar meson with the baryon is used for K*

so that we write A of (116) as
V8

12 02 F2
— Vs = Va8
4 2 4x (163)

where Ev a is now dimensioniess., Ve get FS = 0 and selecct Ev in such a
’
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2
> 8y,

F 4.3 (164)
4 5

v

The valuos of the hyperon magnctic moments are given by

. L _ /3
b= %y bp =5 ny
with
H_ = 1.79 and 33 = =1, 910

n

Thus the isotopic parts of the wvector Qi. may be written as

g
+ e g
pi - A pa?) [1, 0.346, 0, =0.141,
2 A -
1, 0.578 } (165)
o eg 5
P, = —A F(;) (1, 0.0647, 0, =0.141,
2

- 1, 0 :]

with the aid of (58), (59), (65) and (116).
The only further parameters to be fixed are the positions and widths
of the two resonances in the expression (126). Taking the P, resonance at
2

5
with full width 100 Mev we have the valuecs 12.36 and 12.23 for Wy and, 0.0362

1700 Mev with full width 60 Mcv(31) and the F /2 resonance at 1680 Mev

and 0,0604 for ', respectively.
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The differontial cross soction may now be written (from (139)) as

2 2 2 2y 12
220 o g 1 @, [P 6D ]

- A 5 2 — oL (@)  (166)
dR2d52 47 4 T 87EM1 R‘I WA

where L(?\z) is given by the functions on the right hand side of (144) and
(146) andp ; in (153) is replaced by the expression in square brackets in
(165).

Until now we have only considered the virtual process YN — KA
and in order to computc the kinematical factors of (166) and the functions
P 1 and 92 of L(7\2) we have to relate the laboratory quantities of the
eY ¢ wvertex to the barycentric quantitics.

With a Banofsky type of oxperimont the quantities R1, R2 and ap, are
programmed together in such a wgy that V romains fixed (at 12p in our case)
and 7\2 varies. By considering the invariants (p1+r1+r2)2 and (r1+r2)2
in the laboratory frame we can relate R1, R2 and ap, to W and A 2. The

relations arc

2 2
¥, =~ 2R,R, (1-cosa;) + 2U, (R,-R,) (167)

=]
i

Tl
[

2R,R, (1-cosaL)

wherc oy, is the laboratory scattering angle.

In the quantities of (141) only ¥ and ry =&ro unknown in terms of
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W and »2 since all others are given by the relations (14). The

required oxpressions are

2
2M1R1 -
Ty =
o (168)
and
r,kecos¥y = k r + L%?
1 ot ®
In what follows we fix a; at 60°. Thus the relations (167) will give
R1 and R2 in terms of W and )? for the required ranges. Typical curves

are presented in Figure V. The quantities required in (144), (146) and
(166) are presented in Table 4 and the relevant multipoles for the production
of K°A and KﬁA via the B% or F5/ resonances aro prescnted in Table 5.

2

?inally the difforential cross scctions are prosented in Table 6 and in

FPigures VI and VII.

Thus with the aid of the Blankenbecler and Gartenhaus method of solving
the dispersion integrals in the energy region of the dominant resonance and .
the form factor approximation employed in obtaining a numerical estimate
of the differential cross sections we arrive at the resulis presented in

Table 6.

It is evident that the first result of this analysis lies in the
large difference (about 103 sz/Mev) between the Py and the F5/2 differential
2

cross sections ~ a result that could have been anticipated on gencral
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TABLE 4
2
A
5 10 20 30 40 50
P, 0.910 1.39 1,68 1,52 1,25 0,880
Ep, 0.102 0.777 6,09 21.5 59.6 140
e, ‘ 2,80 6,02 13,2 20.7 28.4 36,2
93 1439 2,57 6.39 9.95 1346 17.2
R, 8417 9.03 10.6 11.9 13,2 1444
R2 0.612 1.11 1,89 2.52 3,04 3,48
¢(22) 1146 298,8 50447 13,92 44917 2,033
- 2
)
F(X)
where CA2) = — v L = } in 1077

87:M1

v
'IR1

24
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TABLE 5
P% 5 10 20 30 40 50
2 0160 | 0,0238 | 0.0459 | o0.0770 | 0.1157 |0.1636
xtA 1.785 0.1131 | 0.00006 | 0.0195 | 0.0548
3,062 | 2,586 | 3.190 {8.909 | 27.22
0.0241 | 0,0115 | 0.0032 | 0.00006 | 0.0015
. 0.1654 | 041721 | 0.1719 | 0.1648 | 0.1550
XA
0.5476 | 24400 | 7.530 | 19.64 43.60
-6 '
10 10 20 30 40 50
0.5476 | 0.8538 | 1.092 1,246 1.364
179 | 1.277 | 1.082 1,166 1.124
KA ' L
1.254 | 1.613 | 1.742 1,690 1,513
330,8 | 1238 3243 7312 13980
1.309 | 1.588 | 1.753 1,831 1.877
0 0.1310 | 0.0784 | 0.0467 | 0.0232 | 0.0112
K
1,059 | 1.071 1,035 0.9761 | 0.8668
L(®) | 123.1 |342.4 | 1123 2528 5027 9022




TABLE 6

a~o

-37 40

P,(10 ") F (107™)

B | 3 5/,
G KA ®°A K koA
5 599 5341 1540 113
10 204 36.4 7.88 8415
20 29.1 29,0 4.98 4.52
I |

30 9.89 23.3 3.60 2.81
40 “ 9.76 21.5 2.87 1.97
50 1243 19,7 2.26 1446
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considerations of the angular momentum barriers involved. Once the

photoproduction analysis settles the question as to whether the

dominant resonance is a Py or an F5/2 the relevant coupling constants and
=

germetio monents will be available,

The second result, and the more important, can be obtained by noting
that the expressions (153) and (154) for the multipoles will give a
general form of the differential cross section which is a homogeneous
quadratic in the form factors with known (constant) coefficients. Thus,
when the electro-kaon production data from a Panofsky type of experiment
and a firm knowledge of the hyperon magnetic moments become available
this form of the differential cross section will enable a determination
of the unknovn form factors to be performed, in exactly the same manner
as has been carried out by Salin(17) in his determination of the neutron

form factor from the electro-pion production data.



PART II

THE WEAK PRODUCTION OF STRANGE PARTICLES
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i INTRODUCTION,

To extend the analysis of Part I to the weoak production of strange
particlecs, that is, the producticn of a K mcson by high encrgy neutrino
collisions with nucleons, we require three working hypotheses; They are the
Universal Fermi Interaction (U.F.I), the intermediate boson hypothesis and the
Conserved Vector Current hypothesis (C.V.C.) f

In order to explain the remarkablc universality of the_vector coupling
constants in p-decay and in p-docay (remarkable, since strong interactions
clearly play an important role in the latter but not in the former)

Foynman and GellmMann(19) proposcd for the weak intoraotion Lagrangian the

following expression

a ..i. .
(;7\0 s e (169)

vhere Jll gstands for the sum of the leptonic current

Vo (e + vy, (tepde

and the strangeness conserving ,jll = j: + jﬁ and the strangeness violating
sll = SX + sﬁ currents of the strongly intcracting particles. The C.V.C.
hypothesis makes it possible to relate the vector current jX to the isovector

part of the electromagnotic current by a rotation inisctopic spin spacc,

* For an elucidative account oi Voak Interact%on§ wo refer the
reader to the review article of J.C. Tgylor 49 .
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Thus the current jz is proportional to the + component of the total
isotopic current tzu the isovector electromagnetic current being
proportional to the z component of ;Z#'

Similar assumptions cannot be made for the axial vector current jﬁ
for if it were conserved 1he decay rate of the charged pion weould vanish,

(50) (51)

The treatment of jﬁ by Gcldberger and Treiman and others ‘assumes
a partially conserved current and the essence cof their treatment lics
in the assumpiion that the one pion pole dominates the unsubiracted
dispersion relation satisfied by the quantity({aujﬁ ‘) « Although this
could be employed here in our anclysis it is rendered unnecessary as ve
write down the vertices associated with the various poles on gencral
invariance growids. The resulting form factors are treated as in Part I,
Since the leptons intoract weakly in a vector (or axial vector)
combination with the strongly interacting particles it is possible to

introduce non~locality in the form of an intermediary charged vector boson

s in analecgy with mcgons and photons in strong and electromagnetic

interactions (52). In such a casc we write
/ = 7 J 170
oA - &2 9,9, (170)

where Ju is the total weak current, ¢L is the field cperator corresponding
to W and g is a coupling constant. If the expressions for the amplitude

for neutron f~decay obtained from (169) and (170) are comparcd then



G M?

2 fo

2
g =

(171)
where M is the mass of the intermediate vector boson and it turns out
that
1072
G = e (172)
J2 I
1
We assume that W exists, though by (171) the results of the current-
current theory are reproduced by letting M —> *°, that is, we have the
limit
g4 62
—_— —
~ ’

'(—'{5—:—1&(_) (173)

3
as M—=> o,

Thus the results of Part I can be extended to weak production; the
virtual photon being replaced by the virtual vector boson and the current

JH (26) having an axial vector part as well as a vector part —- the vector

part given by the C.V.C. hypothesis,

ii. THE SCATTERING AMPLITUDL.

We follow the procedure of I iii and relate the T-matrix to the

S=matrix by
- ; 4 4
Sfi = éfi + i(2w™ & (p1+p2 + q+ k) Tfi

To first order in the weak interaction we assume that the leptons interact
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with the strongly interacting particles via an intermediate boson of
mass M, illustrated formally in Figure VIII. The strong current consists of

a vector and an axial vector part and we write

<~y = - rel T { p; 7y = {2, q EARDAS (174)
where )
T e (175)
1*T2
ard
I, =V, + A (176)

Now <—p2 -q !Ju} p1> is the matrix clement for the weak production of

a K-meson by the virtual weak vector boson of four-momentum

2 2

k® = (r1+r2)2 = =A

and it is this matrix element thet we have to analyse in detail. If we

employ the decomposition (176) and define the quantities and ]}, by
v A

M, = {mp-afv,]2p e, (177)

and

My = Copma s ey 5 (178)

then

M-, 0,

will be the matrix element in gquestion.
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In the case of the final lepton bteing an electron we can neglect the
mass of the electron and it is easily seen that the vector eh will obey

the supplementary condition

ke = 0 (179)

Throughout the subsequent analysis we treat the final lepton quite generally

and only set m= 0 for the differential cross section computation,

By the C.V.C. hypothesis we can relate the matrix element'TY)v. to that
obtained in the electroproduction analysis and the essence of this part lies
in the decomposition of]Th in the spirit thatWT)v was decomposed in PART I.

We write for the axial vector part the following relativistic

invariant decomposition

8
—ifmA = 2'. A, m, (180)

with the eight invariant forms given by

m1 = % (Y-q Y.S bt Y.S Yoq) m5 = i Y.k 2P.8

m2 = 2P08 m6 = iYak q-s

my = Qe& m7 = K.&

my = i¥%. e mg = iYk k.& (181)



iii CALCULATION OF RESIDUES OF POLES.

We adhere to the notation of I iv and discuss the various graphs

of Figure IX separately.

Single Nucleon Term.

By general considerations of invariance the WNN vertex @

<k+p1 ‘jj(o)t p1> may be written as
{i(k+p1)i[c;1*rlLl + Gzopvkv + Gﬁlys +iG4ka5 ]u(p1) (182)
g0 that the contribution of Figure IX(a) is given by
In Ty =76 (s )a(=p))ivgey (KedH,)
isu{:G1yp+G20pv kyt Gvyrs +16 4Y5ku]u(p1) (183)

Now the first two terms in the square bracket of (183) have been dealt

with in I iv and contribute toTrL so by (62) we write
Im 7. =nd(s=M2)a(~p. )| C.1, + G (.-, )
17 1/ TP 8y By T By AT
- iYS G1 (q.€ = 2P.8)] u(p1) (184)

Ve are left with the evaluation of the last two terms in (183). Using

the mi's we can wrlte

34
+ G4m8 ]u(p1) (185)

Im T'% = ind (s—M?) E(-pz) gy[GB(m1-m3) + AG.m
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Hence the residues of the single nucleon pole term are given as follows

I;(A1) = %YG1 PS(A4) = —%yGZ
r(a,) = 22, ra) = g6 (186)
n(4) = &5, P () = O

for the vector amplitudes, which are identical with the expressions

(68), and

I‘S(A1) = %’;GE} PS(A5) = 0

T (8,)= 0 T (&) = 0 (187)
TS(A3) = —gy‘G3 PS(A'?) = 0

I‘S(A4) = g A, T (4g) = g%y

for the axial vector amplitudes.

Single Hyperon Term.

The contribution of the single hyperon graph, Figure IX() can be

written down immediately as

In Ty =’7t5(u-M§)E(-p2)is u [G; Ty * G} O,y Ky

+ G_!,JYst + i Gdl,kaSJ (zf1+yf+m2) iY5é‘y u(p1) (188)

v

1T and have

The first two terms in squame brackets above contribute to Im T

been evaluated in I iv giving
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v [
Im TII = %O (u:--Mg)u(---pz)g;y [ (G; + 2AG§) M,

- (MB-M4) Gl + 1Y, G (2P.€ + q.e)] u(p1) (189)

The contribution of the remaining terms in (188) to the axisl vector part

is as follows

In TII;I = xS (u—M‘g) E(—pz) gy(-i) [(m1+m3) G_‘,,

- Am4 Gé + mg Gl‘l] u(p,l) (190)

and identifying this expression with Jf) , (180) we have the following

residues from the single hyperon pole

r(4,) = g, (G} +246))

T(4,) = 2z, ¢ (191)
Pu(A3) = T, (A4) = R(AS) = &0
I'u(As) = 0
for the vector amplitudes, and
Pu(A1) = —gng 1:1(1;5) = 0
I'u(Az) = 0 ];‘1(1&6) = 0 (192)
Liky) = &gy i) = 0
Tu(8y) = g AGY I,(4) = g8}

for the axial vector amplitudes.
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Single K-meson Term.

The K-meson contributes only to the vector amplitudes and so by

(68) we have

2
Pg) = = (- e <) (193)

ry(4) = 0 145

and

Pt(Ai) O 1= 1y..448 for the axial vector amplitudes.

The isotopic spin dependence of the amplitudes for the process
mir + ¥ —» 24+ K will be similar to that of the associated production
process ™ N—» 2 + K, If B is the isotopic state of the W and o

that of the produced 3 then the isotopic invariants are

Ap = Ouap
ACLB = %’[ TCL ’ "L‘B]
go that
+ .+ - -
A, = Ay Aa‘3 + Ay Aaﬁ (195)

for 3 production.

The projection operators for total isotopic spin %-and 3/2 are given

by
+ -
B3/ )ap = ap = Hap
+ -
(P%)CLB = AGB + 2Am3
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For the process MW" + N +» A+ X there is only one isotopic

invariant T gso that

B

i i Tp (196)

for A productions,

ive Angular Momentum Decomposition.

The methods of I v are adapted to decompose the amplitudes into
multipoles. In the electroproduction case the multipoles that occured
were magnetic, electric and longitudinal =~ the scalar multipoles being
eliminated by the Lorentz condition kee= O (35)° In wesk production
the Lorentz condition only holds for an electron being produced and in
order to docompose the amplitudes quite generally we include the scalar
multipoless The Lorentz condition will only be imposed in the differential
crogs scction computation,.

With the identification

(-0, T, u () = 1 er SIA X (197)

where

and

k ke g *126 = Qgde & (198)
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q_2k123 = CQ.QI g_nk ge (2] k 27 = lC_- _@
q k24 = OoQe g_ok BO 28 = 80

we can express the Dirac amplitudes Ai in terms of the Pauli amplitudes

j=i with the help of the relations (16). The resulting expressions are

P = = (W) A, + A
o ) &y + &y
2
0, }
B, = 2 o o+ A+ (W) (A - Ag)
2 2 2 1 1 5 8
qk
0173 :
By = === by = by Ayt (W+M1) (A5+A6)
q k
% %
% = qk = = (&51,) &, - € ,48,) &), + qjhq

+ A4 -k, A7 + (\?I+M1) [(81 +e:2) A5

= 9 A6 + l‘:o ASJ

o

[

P —-2-1:5- = (W-1g) &y + 4y (199)

Sl

= Ayt Ay + Ayt (W—M1) (A5+A6)

Q
o
—



These

(am)?

(2w)?

w

(2w)2

" Lca..(i

Ly
(00

= By = by + (0-k) (he-tg)

= (&r M2) A+ (81+82) Ay = qg Ay

+ By kOA7 + (W—M1) '[(81-1-82) A5

~9, Bg * K, AB]

expressions can be inverted, giving

2WA ’

5

1

]

2.~F

5

1

(W+M1)[ Bot q B + kg ?7 - 25]

(W+M1){: B, + (W+82) B - By -k 97]

- (W—M1)[E4 +qy By +k B - F

1

100,

- -
+ (W-M1)J_§'4 - B + & B, - (W+g) 93_}

(W-Mz) B, o+ (w+m2) By

-

1

'1’94_354‘?8

+q, (By+B) +k (B P

7)

(200)
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2
(2w) Ay =

I
Y
b
+
1
i
m‘ﬁ

+ (W+ 92)(33+96) -k (§2+p7)

u

2 " d
(ow) A7 (W+M1)1—E8 - (w+81) 97 +aq, B - Es]

- (W - 1111)[54 *q, By - (W+s1) B, - 31]

2
(2w) A8=-E1+E4-§‘5+E8

+ %(E3+ 136) - (W+ 1) (E2+ 15‘7)

The multipole analysis of I.v follows through with but slight
modifications The vector part is identical with that for the photon and
the treatment of the axial vector part is carried out as follows.

We note that for a vector boson inducing a magnetic transition of
order 1, the parity of the initial state is (-1)1+1, whereas for an
axial vector boson it is (-1)1. Now an initial state of total angular
momentum 1+5 will lead to a final state of orbital angular momentum lf=l
in the vector case. As the relative intrinsic parity of the initial state
to the final state is even for the axial vector boson (which will require
that an additional factor of O.g be included on the left of the summation

in (76))thc final state will have orbital angular momentum 1, = 1+1 and

therefore total angular momentum 1f - % The electric, longitudinal and
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scalar transitions can be trcated along similar lines. The overall

regult is that the following replacements must be cffected in (76):

+
(Multipole) —) (Multipole) *

% e =1 (201)

so that the decomposition oft}h into multipoles is given by

1,

1

1 4 : -
2 ['i' O ¥} edy ) 14

1 ~ +
+1 Ga P oLl

-+ Ez'+ - C-
P ek LTy tH ek Lo,y

1
1 o+ + 1 -
- 18 ok (1+1)D£1 ~ 1 F] 8.1c1d{1
1 + 1 - -
-3 B oo, (1#1S] - 5 e 1 1}
. (21+1) P;(cos9) (202)

On performing the operations indicated in the summation above

and identifying the final expression with (197) and (198) the roquired

b
multipole decomposition of +he uli is obtaineds

31 - 2 [(1—1)17); + ST+ + €7 ] Pi(x)
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'H = -}’1 ~ x% + 3 [1IZ - (1+1)(J:I ] PI(x)
y = [21 -1 +£1 1711_‘ Py (x)
}4 = 2 [*51 - (1S ;_] P1(x) (203)
}5 - -3 [amy vy ol ]
[(ml -ED B, - ) P1+1]
}7= "}'5"‘36 ¥ ?[1“)[1 1 T .;Ll Pi-J
- 21 [(I”)S; Pler = IS; Pi-J

u

These expressions can be inverted to give

+1

_ P - P

Mi- ";'1' I dx[iL 1 *35 B "23 %’:ﬁ’"]
L

M- 2(141) -1 dx{.-31 F141 -}5 }3 2143 ]

- P

+1 P
-_ A 1 1-2 1
E - S oax [}1 P, +}15 P, +_¥3 (1-1) —22 L
-1 21 - 1
P.  -P
+}6 ] 11m1 7 T1a ]

21+1




T
S

+1

1 |

]

~1

P -

—36(14-1) Tl

1 _H
;(';1'; J dx{% Pr1 * 35 F1 j3(1+2)

P

1+2

104.

21+1
+1

[ RS "
- — I ax ‘ (,}"i + xj"-3 +f—f?) P, + (}5 + x% +}7) P1.l

P14 ]

21+3

(204)

21 _,
, +1 X

= pv —'/1‘ dx (3{;+ xfé +}2) P+ (-‘;5 + x%+%) P ]

a7 a [ P P
- - _f1 x 3’4 1-1 ”3(8 1]

+1 -

- 1 S dxl 351 P14 +3(8 Pl]

2(1+1) -1 -

Finally, using equation (187), (192), (194) and (199) we can writc

expressions for Ei(B.A). They are

(121) = - (W+M1) gy Gy
(@2) = = (W+M1) &y G4
(7,) = 0o =T, (%)
(E‘4) = - (W+M1) gyGy + (W+H1) ke gYG4
(85) = (v,) gy G,

(205)
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r,o(®) - () g c,
r, (#) = (W-11,) gy G'3 + () ko ey G,
TLo(®) = (wa- ) g 6
1‘u (32) = (W+M1)gY Gy
1‘u (33) = 286y = -1‘1'1(;26) (206)
T, (54) =[(w+2M2-M1)-2qO]gYG§ -kO(W-l-M1) &Gy
T, (35) = -(W-—2Mz+M1) gYG'3
T, (57) = (W—M1) &y G;L
T, (7g) = -i(W-ZM2+M1) -2%] &y%y —kO(W-M1)gYGZ',r
and
L, (Fi) = 0 i=1, seess8, (207)

This completcs the angular momentum decomposition for the s—chamnncl.
As the analysis of the u and t channels does not enter into the subscquent

work we omit to give it.



106,

ve THE DIFFERENTIAL CROSS STCTION

We treat the case of the final lepton being an electron and so
the supplementary condition will rcducce the number of effective amplitudes
from eight to six in the axial vector part. The results of I, ix equations
(127) to (135) can be taken over for the present analysis if we cmplcy
the following substitutionss

equation (132) > }: (%«» i 'i)a e

YA a (208)

equation (133) -ﬁ} :J 2

oxpression (133)

:l ﬁ = Q4 QI:A ¢

+ Oog Ok K (% +§-§4) + Oog Ouk qa§3
(o]

+9°an‘}5 * qa36 + Ky (\‘;{7+ EI;C 3‘8) (209)

where we have used the supplomentary condition ke.e = O to eliminate the

terms proportional to e, e

Hence

l’mr = Tp g (210)

where now

* A
Top 1 Trace[:}z 3’}; + ’}a ‘}Jg* (211)
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and

o g4 -
eCLB = 'Em)—z' Trace L - ;(1'Y'B (1+‘Y’5)‘,t{2 YCL (1+ 'Y'5) ] (212)

Thig trace can casily bec porfcrmed and gives

4 {t. . _
o = e L e T T KT T g
B (Ra)? |
+ 3N 8+ 180 K, r1q] (213)

where the Greek indices run over 1, 2 and 3 and the Roman indices over
0y142, and 3.

When the tensor contraction (210) is finally executed the resulting
expression arises from symmetric and antisymmetric products, In the
tensor eaB the first three terms are symmetric with respect to the

interchange aé—> B whereas the last torm is antisymmetric, Denoting

these by GZB and eﬁB and the corresponding symmetric end anti-~
. s A .
symmetric parts of TaB by TaB end TaB the contraction (210) bccomes

hﬂ,z = s % * Tis °ﬁa (214)

After some lengthy calculation of the traces tho following expressions arc
obtained

A N

k k

Tep = (og+a)e s + (B + 8) k, kg



: :,\" : )]:A'\ ﬂ"}

’kqu[’l“(em s * S Bg) 2 Im ()

o (e, +ogy T) 2 (a) | (215)
and
s =1 (ogre,) B (K, - 5%
+ aBY(l kY+ 11 Y)
+ 1%\311 [% (BQ,NJ?{B - € ?:a) 2Re (mo)
+ % (Bolu EB —sﬁmﬁa) 2Rc (m1)] (216)
where

o [T P - o D

wo{8)" o) ) o[- )
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AR SAR PR CE AR ARE A
et R @
e, = [1 - {%—)z]zm ('r1)

y I S A oy
T =3 % +H ¥ T, Jds *Ii3¥1 *JI3ds

(217)

* * v ¥ ¥
‘*'5’4?6 + x (:3'3 -4332 '}45’5)

- B2 AR AP e E5 - Y

+ X% JZ)

= AR ABE e B
Nt EL e BRI
+ 2Re[{'}i + 2xg5 +x (l{ + '1_12:}8)} (12 + -11-:-;-34)*
+515 (}77 + %'}8)* ]



Y, = ‘}312 4.}?6'2 + 2Re (f,l 2 }{3'}5 73?2)
61 = 2Re ('rz)
0, = 2Im (T2)

=% R "|}5’}: + (2x}, +}6)'3;
(b g (30 EB)

+ (- wT) (e 112_034)*

for the AA part, and

1 = 2Re[313; -72'331* -2x?2'};]
1, = 2:»1e]'_':\;""1'§*1e +3‘2’%;]
(o <, (e BN 5, Ty
} ig (i > (31 * x§3 “5)]*
}‘- (0)2 (x%ﬂr +’:Jl6)]*
9 =k}1‘?’* '}‘%6 ?1531; ‘35'3“2

for the VA and AV parts.

110.

(218)

(219)
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The quantity )Mi can now be formed by contracting the relevant

parts of (213) with (215) and (216). Thus

2+ u2)? -
— \f}rnl = (o.o+o.1) t23§ =~ 2.z, + %7\2 ]

16g

+ (B o+By) kztz (kox, )2 - 2k2 k.x, + 2P 5_2:{

1 2

+ (8, +8) = | 20.x, kor, - ak kux, ~ K a.r,
gk

+ %2% gk ]
~2In(n) 1 [_1;1.5_ a (oK, -_1;2)]
gk N
2
=~2 Im (m1) —zk[_ Y 3 (Zg.r ~-q )J
q

=(e, + e,) ;:c-[ko (_1;.1._15’\3)]

1 {.2
2 & [1-5 Tio "Ik k’o]
-21 1 k r,. - r, k
1 g (9= Fo" A 5%

ko 2
2 %o (n) =% [arkn - K 3-21}
qk
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1
2.2
-2 % (a) - [rm (g gok = o ¥°)
q #3
k_ (gek qor, - ke, g°) (220)
o Qe .9.°_1 ...’_.1 a

Hence the differential cross scction takes the form (c.f. (139))

d%c & Rq 1

-’R.H.S. of_{ ae

i

aR,A8 (27° 2MRW  (2%41°)2 } q

1M (220)
(221)
To perform the integration indicated above we first of all note that

the scalar and triple scalar products occuring in (220) can bec expressed

triconometrically with the aid of the angles defined in Figure IV. Thus

d® = d(coss) dAd
cos o = cosd cosV¥ + sind siny cos &
gin o sin W= sing sind

and
g.r, =4 r,c08a kexr, =kricosVy
a¢k = gk cosd

kg = r1kfl‘sin VYsino sin w= r,kq sin Ysing sin @
”

so that all quantitics under tho integral in (221) can be cxpressed in

terms of the angles{,9, and® . The integration over & can be performed



jmmediately since the functions of (217), (218) and (219) arc

independent of ®. Integrating over & and redefining the integral

of (221) as
+1
S 4 x Flcoss) d(cos9)
-1

ve havo

Plcoss) = (a + a,) (p+p,) + (B+B,) o,

+ (YO+Y1)(00823D1 + %sinze p2)

(222)
+ (§o+61) cosd p, - 2L Py - 21,0089 Py
+ 2 Ro (m)sinze
1 !
whero p1 and p2 are given by (141) and
g = i r, (x ~ k cos V) (223)

For convenience we dccompose the function F(cose) into parts
arising from pure vector, pure axial vector and vector—-axial vector

interference terms. Thus

F(s) = Fw(s) + F,, (9) + Fy,(9) (224)

and the three functions are defincd in Tables T, 8 and 9 respectively,
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X X X %
+E—D},}_ S; S| 3‘ Sl Sl . gl
x"8, X', x’s,
Lo s xs . X3,
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x‘g, . '
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'}, “2xg3 (1-x")g - 2g,- o) go) |
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'}5 (- x5, o) O O 0
| '}‘r 0 O —(l-—xl)ga' O 0
1 0 o 0 o o
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As we are interested only in the P%_ and F5 /2 resonances we procoeed
with the cos¢® integration by retaining only the rolevant multipoles in
(203). For the P1 rcsonance they are M o9 _ and E,‘ ’ S - for the
voctor and axial vector amplitudcs rospectively. For the F5 /2 resonance
they are M3_, E3_, L}_ andﬁm‘,’_, 53_, 53__ for the vector and axial vector
amplitudes respectively. It should bo noted that the supplemontary
condition allows the elimination of either the scalar of tho longitudinal
multipoless This can be seen by noting that the combinations g o+

k F g
and }7 + k_'}B modify the multipolo expansion (203) and therehy
o

-~

introduce the quantitij;i- 1—12— b which we denote by S.
o

P%_ resonance.,

For the axial vector amplitudes we have

j=1 81- :Lz * l1%;"}4 - "81- + E_Sw-
‘}3 ='3,5=‘}6 ='}7 + %;‘}8 =

it

and
K_ 3

b I S
1733 ‘?M'os'o

for the vector amplitudes.

a 3

N

]
-—
I
(o)

1

=
—
1
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We therefore have that

R, (0 = p, (5,07 +Eg (1,)°

R, () = ey (F0F + g (5,07 (225)
Thus

+1

S P(x) ax = 2{ { p2(M1_)2 +E.p1 (L1_)2}

~1

+ 4py (1) (§,)

+{p2<&_>2 ; 9‘5;5-)2}] (226)

F5 /2 reEONanNce.

For the axial vector amplitudes we have

Fooo\-

/3(5x2 1) 2 (5x-1)

1
‘3 3 -15x 15x 0 83_
‘} 5 -Ox 0 0 ¥
K \
6 3 "'3 0 1
}2 N '113;"}{4 3 - 2(15x%-1) 2(5x°-1)
3,57
7 ko 8/ 6x 3x ~-0x

(227)
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and for the vector amplitudos the required expression is given by (145).
From (146) wo alrecady have that

+1

S OF(x) ax = 18[92 {2(143_)2+(E3_)2§+ 30, (L3_)2J

-1

For the pure axial vecetor function FAA(X) we have from table,
, 9 2 _ 45 4 1 y2
F(x) = B, [2 + 27% 2 &) )

+ B % (1 - 18" + 25x4)] (77;1_)(53_)

B g2 24 (6

-

[ 81 2 . 4 k_ 2
e o[B8 (1 -2 +5x)] (5,0

Thus

| | 1
71 P, (%)dx = 18{% { (M )2+ 2 (cg_)g}Jf 3 G 3,02 | e

For the interference function FVA(X) we have

Fyp(x) = 993[(25x4~18x2+1)§(m3_) mg_)-(@_)(%_)}

+ 2 (5 x* - 632 + 1) (E3_) (?fg_)

+ (5 H e ePes) (1) (&) ]

so that



+1 ]
J FVA(X) dx = T2 Py {é (M3_) (E;_) - (E3_) (7%§_)J (229)

-1

Collecting terms together we have for the F /2 resonance

5

] ros 2 2 2
l/; F(x) dx = 18192 tz(m}_) +(E3_) } + 3Epy (L3__)

+0, fa (f3~)2 + (m_)2}+ 3p ( %:- 53_)2

+ 4%22 (1,06, - (3, <77§_)} (230)

vi. NUMERICAL ANALYSIS.

In the framework of our analysis the numerical analysis requircs
the form of the multipole projections of the Born terms Fi(B.A)
given by (205) and (206). Tho relevant multipoles are EA_ and S‘_
for the P% resonance andm3_,€3_ andS3_ for the F5/2 resonance.

By equations (204) we have

s £ o[, g R )
%;51_ P dxﬁ‘31+ <F + (};%%) } P
~1
+§3§ +x36 + (I}T+I1:;}8)}P1]
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+

A S R
{} < + '31’7 kol;és)gi P3] (231)

With the aid of the relations in I.x. and the following lincar

decompogition of the multipoles

3
Multipole = b2 oimi (232)
i=1
with

o, = ( &y s &y cL) (233)

the integrations implied in (231) can be performed. The mi are given
by

€1l = 4
€,.(0) =8,0 +5 9, =5 3(a -Q)
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k| \

k ,

and
M, (o) =0
M- () = 1§l 65 * 853 +&10 5 (% - %)]

GO
€3 () = '13'[62% *g & 28 % (@ - qy)
-3, 7 (- ]
1"12';53— (g) =0
£S5, @ -1] o -an0 g,
+ (05 =89 = agy) Q3] (235)
where
a0, a0, (W+ oM, - M1)
(o} = o) =
Tow-n, 2 2qk
5 _ k (W-2M+M ) o . 2q 0,
3 0. 2qk 4 2qk
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k(w-zr-,12+m1) 5 2q O,
3 0, 2qk 4 2qk
qk° We2lt, -M, qk®
k_ 0, (W~ ) 2qk o 1
o 1 1
2q  gqk?
4, @ T o=2M o+ M k kO
oy - S LI LT
2qk k0, 2gk O, Kk
2
2qok O1 2q k
69 = Op= T '
2qk kO 2qk 01 (236)

Again taking p=1 the functions above can be tabulated for the
gpecific values W= 12 and A = 5, 10(10)50. The results are presonted in

Tables 10(a) and 10(b) for the P, and F5/? regonance respectively.
2

We have now to decide what the form factors in (233) ghould be.
The vector part is fully determined by the conserved vector currcent theory
so that the quantitics of I.x. can be taken over with but slight

modificétion. For the axial vector part considered here the form factors

are sgain set as

a(3®) = a0) F(»?)
with F( %) given by I.X.
2 Gp/
For the form factor G.(A°) we know that G3(o) = - G = 1.2

and for Gé (%?) we set it cqual to unity at 12 = 0, although ideally this



TABLE 10(a)

24.

Py 5 10 20 30 40 50
3

€,.(9)) 0.2347 | 0.2363 | 0.2396 | 0.2428 | 0.2464 | 0.2490
81—(02) 0.2005 | 0.1989 | 0.1958 | 0.1928 | 0.1898 | 0.1869
k

k—05 (%) 043158 0. 3461 0.3845 | 0.44T1 0.5332 | 0.6506
k

k—o~51_(02) 0.2090 0.2102 | 0.2141 t0.2208 0.2450 | 0.2662

b o
TABLE 10(b)

10_3F5 Jo 5 10 20 30 0 | w0
M5y 0 0 0 0 0 0
71)3102) 0.5492 0.6097 | 0.6828 | 0.8054 0.8927 | 0.9448
€3(9) 0 0 0 0 0 0
€9 0.0832 | 0.0937 | 0.1128 | 0.1204 | 0.1444 | 0.1572
k

'1?;53_(01) 0 0 0 0 0 0
112—33_( ) | 0.0660 0.0722 0.0825 | 0.0905 0.1126{  0.157

[e]

; | .
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coupling should be considered as a parameter of the analysis. It
turns out that the qualitative featurcs are reproduced for a wide range
of valucs of Gé(o). The results for the process W+ n ﬂ) Ko+ A

for the two cases are presented in Table 11 and graphically in Figure X .

TABLE  11.
a° o
[?umbers in brackets denote
dR2d52 Resonance power of ‘IO-1

w 5 10 0 | 10 0 | so0

Py 2.87(42) 5.13(42) 6.14(42) | 5.88(42) | 6.51(42) | 6.85(42)

F5/2 «289(46) 1.00(46) 1.96(46) | 3.11(46) | 3.71(46) | 3.98(46)
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FIGURE I(Db)

FIGURE II.

FIGURE III.

FIGURE IV,

FIGURE V.

FIGURE VI.

FIGURE VII.

FIGURE VIIT.

FIGURE IX.

FIGURE X.
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FIGURES

The four-vector diagram for the electroproduction
of K megons 3

e(r1)+H(p1) - e(—r2)+Y(-p2)+K(—q)o

The electro-kaon production diagram to first order
in the electromagnetic interaction.

The diagrams which give rise to poles.

*
The Feynman diagram for K exchange.

The polar diagram for the definition of the angles
occuring in the differential cross section formula.

Curves of constant barycentrlg energy W and constant
invariant momontuwa transfer N as a function of the
initial and final elsctron energies R1 and Rz.

The 32 differential cros% secglons for K-A and K°A
electroproduction in 107 > cm Mev

The F o differential cross sections for K+A.and K°A
electToproduction in 10739 cm?/Mev,

The Weak production diagram to first order in the
weak interaction.

The diagram which give rise to poles in the weak
productione.

The Pl and 5/? differential cross sections for th
process4év +n » e +K + A with units of 10~
and 10 cm /Mev respectively.
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Ficure I(b)
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