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where we have introduced the usual spherical and

quadrupole form factors of the deuteron,

s,(Z)=Is'sty', (i)q. (& —i) v +(i)',v(&,-p)]

dr [u'(r} +so'(r)) jo(hr)
0

S,(Z}= 2" dry (r}[u(r) —8"'m(r)] j,(nr) .
0

It may be noted that the differential cross section
(26) contains, via the quadrupole form factor, a
dependence on the direction of the momentum
transfer 6 relative to the vector D, i.e., rela-
tive to whatever vectors describing the particles

a, 5 are used to construct the amplitude .(For
example, if 5 is a vector meson, D will be pro-
portional to its polarization vector. ) If the states
of a and b are summed over, this dependence will
be replaced by an appropriately incoherent sum.

Multiple scattering corrections to the amplitudes
C and D can be calculated via the Glauber theo-
ry, although one may question whether that method
properly includes all inelastic intermediate states
for breakup scattering. If it is assumed that the
only important corrections arise from (a) elastic
scattering of a before the breakup, and (b) elastic
scattering of b after the breakup, the results will
be essentially those obtained in an earlier paper'
neglecting spin, isospin, and symmetrization ef-
fects.

*Work performed in part in the Ames Laboratory of the
U. S. Atomic Energy Commission. Contribution No. 3064.
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The hypercharge-exchange reactions K n x A, K p 7) A, 7t p K A, K n x Z, K p
Z+, z p K Z, and 71+p K+Z+ are studied within the framework of the new interfer-

ence model. It is found that the differential cross section and polarization can be predicted
in reasonable agreement with experiments in the intermediate momentum range.

I. INTRODUCTION

Several attempts' ' have been made to explain
the observed differential cross-section and polar-
ization data for the various hypercharge-exchange
0 —,

'' -0--,"reactions. In the Regge-model ap-
proach' the possible f-channel Regge poles K*(890)
J~ =1 and K**(1420}J =2' are taken as nonde-
generate; trajectory functions are modified, and
a cross-over term is introduced to obtain reason-
able success, with eight parameters in the cross-
section formula. Absorptive peripheral models"

have been tried with and without exchange degener-
acy. By using trajectory parameters which are
different from those determined from a Chew-
Frautschi plot acceptable fits have been obtained.

In the intermediate momentum region, it has
been shown ' that the new interference model of
Coulter et al. , which is free from double-counting
errors, gives a satisfactory explanation both for
angular distribution and polarization. In this paper
the calculations have been extended to the follow-
ing hypercharge-exchange reactions in the inter-
mediate momentum region:
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K-n-~-A',

K-P -w'A',

~-P -K'A',

Kn-m Z,
K p-I Z+,

71'Q -IPZ,

m P K+X

In our calculations me have assumed strong ex-
change degeneracy of the K*(880) and K**(1420)
trajectories and evaluated the trajectory param-
eters from the Chem-Frautschi plot.

H. SCATTERING AMPLITUDES

The Regge and resonance contributions can be mritten as folloms:

P~ 1 s
&R I'(n) einwo. so

(8a)

J3, y s~
BR I'(o.) sinso. s, (81)

8'+ nz W-m S- A+6
(g +I )&/2(@ +~ )&/&~& (@ ~ )&/2(g )(./2f2 + 4~2 t m resonan(:e

1 1

Ã +™)"'(E )' "(~ -)"I--)" ') (Bb)

TABLE I. The decay widths and elasticities of resonances. '

Resonance gP
I'exp

(GeV)
100x (I iI 2)il

(GeV)
100x (I iI'2) '„

(GeV)

z(167o)

Z (1690)

z(175o)

Z (1765)

Z (1880)

Z (1915)

i
2

i
2

5+
Y
i+
2

5+
2

0.050

0.130

0.065

0.100

0.200

0.080

0.050

0.062-0.130

0.050-0.080

0.120

0.170-0.222

0.070

0.80

2.40

3.40

2.57

5.00

0.70

0.80

3.00

0.60

Z (1940)

z(2o30)

Z(2080)

Z (2100)

Z (2250)

Z (2595)

Z (3000)

3
2

7+
2

g+
2

7

2

7
2

g+
2

~5+
2

0.240

0.130

0.090

0.070

0.100

0 ~ 140

0.140

0.200-0.280

0.100-0.170

0.087-0.250

0.070-0.135

0.100-0.230

0.140

1.70

3.40

0.57

0.31

0.27

1.00

0.31

2.50-4.2 5

'The experimental values have been quoted from the table of the Particle Data Group (Ref. 9).
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FIG. 2. The production angular distribution for the
reaction E p m A at the incident kaon momenta of
4.10 and 5.50 GeV/c. The solid and dash-dotted curves
are our predictions when the residue functions of this
paper [Eq. (14)] and those of Ref. 5 are used, respec-
tively. The experimental data have been taken from
Hodge (Ref. 13).

f, = Q [f„P„,'(cose)- f, P, , '(cosa)],
g=0

f, = g (f, f„)P—, '(cos 6) .

In Eqs. (8) P, and P, are the spin-nonflip and spin-
flip residue functions, respectively; o. is the
Regge exchange-degenerate K*(890) and K**(1480)
trajectory parameter, and so is the scaling factor.
In Eqs. (9) (q, ( and (q, ( are the initial and final
center-of-mass momenta, respectively; E, and E,
are the initial and final baryon center-of-mass
energies, respectively; m, (m, ) is the mass of the
initial (final) baryon, m is the average of the two
external baryon masses, p, , (p, ) is the mass of
the initial (final) meson; s, t, u are the usual
Mandelstam variables, and 8 is the center-of-
mass scattering angle between the initial and final
mesons. In writing the Regge amplitudes, we have
dropped the signature-term part which in the new
interference model is replaced by the sum of the
s -channel resonances.

In the new interference model, the spin-nonflip
and the spin-flip amplitudes are given by the sum
of the corresponding Regge and resonance contri-
butions (8) and (9).

The partial-wave amplitudes can be obtained by
using the Breit-Wigner formula for the resonance
scattering:

(10)

Here I' is the total width of the resonance, I', and
I', are the partial decay widths in the incoming

TABLE II. The decay widths and elasticities of resonances. '

Resonance
I'um
(GeV)

~exp
(GeV)

100x (I'&12)„d
(GeV)

100 x (r, r2)',~',

(GeV)

N (1670)

N (1688)

N (1700)

N (1780)

N (1860)

N (2190)

N (2650)

2

g+
2

g+
2

g+
2

0.105

0.105

0.100

0.270

0.310

0.250

0.300

0.105-0.175

0.105-0.180

0 .100-0 .400

0.270-0.450

0 .310-0.4 50

0.270-0.325

0.300-0.400

0.22

0.26

1.87

1.57

6.27

0.35

0.37

0.22-0.36

0.26-0.43

1.87-7.48

1.57-2.62

6.27-9.06

0.35-0.49

0 .37-0.49

The experimental values have been quoted from the table of the Particle Data Group {Ref.9).
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TABLE III. The decay widths and elasticities of resonances.

Resonance gP
Iu~
(GeV)

~exp
(GeV)

100x (I;r,)„' ',
(GeV)

100X (I'$I'g) „p
(GeV)

Z(1670)

Z (1750)

Z (1765)

Z(1915)

Z (1940)

Z (2030)

Z (2070)

Z {2100)

Z(2250)

A(1520)

A(1670)

A(1690)

A(1750)

A (1815)

A (1830)

A(1860)

A (1870)

A(2010)

A(2020)

A(2100)

A(2110)

A {2350)

1
2

2+
2

2

2

1+
2

0.050

0.080

0.120

0.070

0.240

0.170

0.100

0.070

0.100

0.016

0.038

0.027

0.300

0.064

0.150

0.080

0.100

0.130

0.160

0.060

0.185

0.140

0.050

0.050—0.080

-0.120

0.070

0.200-0.280

0.100-0.170

0.140

0.070- 0.135

0.100—0.230

0.016—0.018

0.015—0.038

0.027-0.08 5

0.030-0.300

0 .064—0.100

0.074-0.150

0.020-0.080

0.040-0.100

0.130

0.160

0.060-0.140

0.185

0 .140-0.324

0.45

0.88

0.80

0.57

0.59

1.44

0.45

0.41

0.09

0.70

1.14

0.94

3.67

1.67

2.60

1.13

3.80

0.07

0.05

0.67

0.09

0.17

0.80

0.45—1.96

0.70—0.79

0.45-1.14

0.94-2.94

1.67-2.61

1.30—2.60

0.67—1.57

The experimental values have been quoted from the table of the Particle Data Group (Ref. 9).

and outgoing channels, respectively, Q is the
SU(3) relative sign of the resonant amplitude, W„
is the mass of the resonance, and the c.m. energy
W has been used for vs .

In terms of A' and B, the differential cross-sec-
tion' and polarization' are given by

cf 1
(

—
)~ (

4 /g f /g f sin 6

dt 64
/ i 4 t

e =0.24+0.9t.
The residue functions are taken to be:

For the A class of reactions,

p =30e'"+j.0e '" GeV '
1

P =-250e '"-50 ' G V ~.
2

For the Z class of reactions,

P yv St + y0e-1.45t G V-&

P =-140e"-38e ' "GeV

(13)

(14)

16vW
sin&Im(A'B ). (12)

In our calculations we have taken the scaling fac-
tor s, as 1 GeV'. The trajectory n is given by the
Chew- Frautschi plot,

For the A. class of reactions the constant residue
functions (p, =40 GeV ', p2 =-300 GeV 2) of Ref.
5 give equally good results. For the Z class of
reactions, the first term in P is needed to account
for the steepness of the differential cross-section
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data at small It I, and the second term is needed
for the flattening and slight rise of the data at
large It I.

III. RESULTS AND DISCUSSIONS

Using resonance parameters taken from Particle
Data Tables, ' we have calculated differential cross
sections and polarizations for the various reac-
tions, for comparison with experimental data. ""

(A) A-class reactions:
In Fig. 1 we show the results for do/dt and the

polarization for reaction (1) when the resonance
parameters given in Table I are used. These pa-
rameters are also used to plot dv/dt for reaction
(2) shown in Fig. 2. Figure 3 shows our predic-
tions for do/dt and the polarization for process
(3}, The resonance parameters needed for this
plot are given in Table II.

Our agreement with experiments for dtf/dt, in
general, is reasonable for reactions (1) and (3).
The agreement is poor for reaction (2) and for
reaction (3}at momenta below 1.70 GeV/c. Due
to the uncertainty and paucity of data it is very
difficult to draw any definite conclusion regarding
the prediction of polarization for reaction (1).

(8) Z-class reactions:

10

Figure 4 shows the angular-distribution plot for
reaction (4) when the resonance parameters given
in Table III are used. Figure 5 shows the similar
plot for reaction (5) with only the Z resonance pa-
rameters given in Table III. The resonance pa-
rameters for reactions (6) and (7) are given in
Table IV. Figure 6 shows do/dt for reaction (6)
and Fig. 7 shows dt//dt and the polarization for
reaction (7).

The angular-distribution data are reproduced
reasonably well for reactions (4}, (5), and (7).
The agreement is poor for reaction (6) at momenta
below 3 GeV/c. The polarization data for reaction
(7) are not reproduced by our model. Above 4.0
GeV/c we predict almost zero polarization where
experiments show considerable values.

The fit between our model and the data could
possibly be improved when more data for reso-
nances at higher energies become available. In
particular our failure to predict a reasonable
amount of polarization for the reaction m'p -K'Z'
at higher energies is due to the fact that our list
of 6 resonances stops at a small center-of-mass
energy.

We find that the new interference model is ca-
pable of explaining a vast body of data for the

10
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hypercharge-exchange meson-baryon reactions.
The predictions of this model can be favorably
compared with those of others. ' '
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and 5.05 GeV/c, from Cooper et al. (Ref. 18) for 5.40
GeV/c, and from Bashian et al. (Ref. 19) for 6.00 GeV/c.
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TABLE IV. The decay widths and elasticities of resonances. ~

Resonance gP
Ium
(Gev)

~exp
(GeV)

100x (I'g I'2) ~~2

(GeV)
100x (I', l;)

{GeV)

a(1670)

a{1690)

A(1890)

6(1910)

~{1950)

A(1960)

E(2420)

$+

g+
2

$+

2

Q+
2

0.175

0.600

0.350

0,420

0.220

0.400

0.350

0.175-0.300

0.240-0.600

0.135-0.350

0.230-0.420

0.140-0.220

0.200-0.400

0.270-0.350

0.03

0.08

1.29

2.40

2.09

1.55

0.82

0.03-0.0 5

-0.03—0.08

-0.50-1.2 9

-1.03-1.90

-1.33-2.09

0.77-1.55

The experimental values have been quoted from the table of the Particle Data Group (Ref. 9).
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We conjecture that the total Lagrangian of strong, electromagnetic, and weak interactions
is invariant under the "left-handed SU(2)" of the weak currents, which is however spontane-
ously broken. We discuss a formula for the "tadpole" part of the K-meson electromagnetic
mass splitting, which may be related to the present scheme.

Several authors' ' pointed out that it is possible
to construct unified theories of the weak and elec-
tromagnetic interaction based on the left-handed
SU(2) group generated by the leptonic and Cabibbo
weak currents. The theory may be arranged so
that the Lagrangian is exactly invariant under this
SU(2) group This sy. mmetry is then spontaneously
broken ' so that the multiplets of particles in-
volved no longer are degenerate in mass. Specifi-
cally, the e mass splits away from the v, mass
(which is zero), the V, mass splits away from the
v& mass and the intermediate-boson mass splits
away from the photon mass. Because of the pres-
ence of gauge fields, no Goldstone bosons appear. '
It is clear that not all of these splittings are small.
Thus, it is tempting to speculate that this mecha-
nism may in fact be responsible for the apparent

symmetry breaking of the strong Lagrangian which
we take to be exactly chiral -SU(3) x SU(3) -invari-
ant.

Since the left-handed SU(2} group of the Cabibbo
currents is a subgroup of chiral SU(3) && SU(3) we
would then have the situation where Z,„,~
+ 2„„»,~„,„,+ Z„~ is invariant under this SU(2)
group. This is our basic conjecture.

First we list the fields needed to construct all
presently known particles (neglecting gravity}:

(i) the leptons e, v„p, , and v„;
(ii) the photon and possibly some intermediate

vector bosons;
(iii) the quarks q„q„and q, .
%'e next give the transformation properties' of

the fields with respect to the left-handed SU(2).
For convenience we define new quark fields related


