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Note concerning Table 4

In order to simplify computation, some of the preferred equations
were excluded in the preparation of Table 4. These equations related
decuplet couplings to themselves or baryon couplings to themselves.
Since the problem is overdetermined, one would expect a valid solution
to be insensitive to the exclusion of a small number of constraints.
Of course, at the expense of greater complication in computation,
these equations could have been included, but it is felt that the
results would have been substantially the same. We have tabulated
below a test of the consistency of the excluded equations using the

couplings obtained in our calculation.

Equation LHS RHS
e 2w i i
SRi & =3 ORye s .021 .020
N
5 =0 « 36 -.2
Rk, sk 8
N 3 . =%
5 == srs - |-.127 .
Rk, mx T2 R, el
SR, _ =0 050 083
REK,Zn - ’ ’
v 1 (36 .0
— = - ey 6 el e -. -‘
By, ol ™ Gl 3 = [ =0 e
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TABLE 5

RESIDUES BEFORE AND AFTER IMPOSITION OF FACTORIZATION ON
THE RESIDUE MATRICES OBTAINED IN THIS CALCULATION

I) N Residue Matrix

Eigenvalues: 1.81, .053, .0025, -4 x 10-5.
Before Imposition of Factorization
Nx K N7 AK
Nt 1.487 .3280 -.08628 .5945
5K .3280  .1282 -.02069 .1328
Nn -.08628 -.02069 .005015 -.03457
AK +5945 .1328 -.03457 . 2406
After Imposition of Factorization
Nt YK N7 AK
Nx 1.484 .3385 -.08647 .5948
5K .3385 .07722 -.01972 »1357
N7 -.08647 ~-.01972 .005037 -.03465

AK .5948 .1357 -.03465 .2383



Table 5 (continued)

II) A Residue Matrix
Eigenvalues: 1.15, .093, .0002, -.0018

Before Imposition of Factorization

NK zn =K An
NK .4875 -.4950 .04925 -.2730
18 -.4950 .5020 -.05435 .2781
=K .04925 -.05435 .09780 -.02004
An -.2730 .2781 -.02004 .1529

After Imposition of Factorization

NK >t =K An
NK 4872 -.4949 .05364 -, 2729
> -.4949 .5027 -.05448 .2772
=K .05364 -.05448 .005905 -.03004

An -.2729 .2772 -.03004 .1529
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Table 5 (continued)

I1I)

NK
b2
zn
=K
Ax

. Residue Matrix

Eigenvalues: 1.006, .036, .005, -.005,

Before Imposition of Factorization

NK It N =K
.1203 -.1327 -.1133 .2094
-.1327 .1318 .1085 -.2435
-.1133 .1085 .09024 -.1933
.2094 -.2435 -.1933 .3606
-.1797 .2041 .1575 -.3047

After Imposition of Factorization

NK P o =K
.1203 -.1327 -.1064 .2083
-.1327 .1463 .1173 -.2298
-.1064 «1173 .09410 -.1842
.2083 -.2298 -.1842 .3607
-.1849 . 2040 .1636 ~-.3203

-.03

Az
-.1797
.2041
.1575
-.3047
.3088

Am
-.1849
. 2040
.1636
-.3203
.2844
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Table 5 (continued)

IV) = Residue Matrix

Eigenvalues: .79, +.03, -9 x 10-6, -.02

Before Imposition of Factorization

sK =5 = AR
SK .4907 .2884 -.2462 .02339
=x .2884 .1716 -.1533 .01438
= -.2462 -.1533 .1583 -.01614
AR .02339 .01438 -.01614 -.01663

After Imposition of Factorization

TK =x = AK
sK L4846 .2884 -.2576 .02422
= .2884 .1717 -.1533 L01441
=7 -.2576 -.1533 .1370 -.01288

AK .02422 .01441 -0.01288 .001210



Coupling

Z2 =2 2 =2

> > = >

1y il Il

Z
:(-X-**Z*X-[ll

e <
M, R =

MM MMM

— Nx
- K
— N7
- AK

— NK
— X
- =K
- AN

- K
-—;EJT
= ="

— AK

— Nt

- K

- Zm
— ATt
- XN
- NK

- =K

— X7
— AT
- 2N
- NK

- =

SU3 Limit

-.83

-.36
.037

-.43

.61

.052

.037

.50
-.50

-.29
«35

+29

.38

.40
~-.29
-.68
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TABLE 6

COUPLING CONSTANTS

DDFS Calculation

-1.28

~.36
.025

~-.47

.66
-.86

.071
-.34

.36
-.26
.050

-.28

.53 (input)
-.18

43
-.16

42
.50
.25
-.29
-.49

This Calculation

-1.22

-.28
.071

-.49

.70
-.71

.077
-.39

.70

41
-.37

.035

.80
-.35

“s2h
.53
s 2
bl
g 2l

.38
.53
.31
~-.35
-.60

(input)
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Table 6 (continued)

Coupling SU3 Limit DDFS Calculation This Calculation

%

= S Exn .35 34 (input) .40
=* 5K -.35 -.24 -.27
= AR .35 .43 .40
=K Sy -.35 -.18 -.31
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TABLE 7

A COMPARISON OF THE THEORETICAL CHARGE CONJUGATION BEHAVIOR
OF COUPLINGS WITH THE BEHAVIOR OBTAINED IN THIS CALCULATION

Ratio Theory This Calculation
gNZK/gZNﬁ 1.23 (-.28 )/(-.35 ) = .80
gNAK/gANi -.709 (=.49 )/( .70)) = ~.70
gz/\n/gAZn -.576 ( .53)/(-.71 ) = -.75
gAEK/gEAﬁ 1.41 ( .077)/(C .035) = 2.2

/gznz -.817 (-.60 )/( .70 )

g):,EK s -86
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TABLE 8

THE CONSISTENCY OF THE MASS EQUATIONS, USING THE
COUPLINGS OBTAINED IN OUR CALCULATION

Particle

Output Mass, Using

Input Mass (MeV) Output Mass (MeV) Modified Crossing

939
1193
1320
1238
1385
1530
1685

1115

811
1213
1414
1193
1421
1648
1799

1184

Matrix (MeV)
808
1204
1348
1171
1411
1597
1755

1147
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Figure la: COMPLETELY ELASTIC RESONANCE

Im O

Threshold
a (s)

Pole and Zero trajectories in the complex plane.

Threshold

Phase shift as a function of energy for the given pole

. . - . -
and zero trajectories Re 1 (SR) Re aII (SR) 2
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Figure la (continued)

L _ Threshold

Elasticity as a function of energy for the given

pole and zero trajectories.
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Figure 1b: SLIGHTLY INELASTIC RESONANCE

Im &

Threshold

a(s)

Pole and zero trajectories in the complex plane.

Threshold

Phase shift as a function of emergy for the given

and zero trajectories. o = (04
o i Re I(SR) Re II(SR

) =4
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Figure 1b (continued)

Threshold

Elasticity as a function of energy for the given pole

and zero trajectories.
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Figure lc: VERY INELASTIC RESONANCE

Im &

Threshold
o (s)

Pole and zero trajectories in the complex plane,

Threshold

Phase shift as a function of energy for the given pole

fec fes. fi — -
and zero trajectories Re I(SR) Re GII(SR) Y/
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Figure lc: (continued)

Threshold

Elasticity as a function of energy for the given pole

and zero trajectories.
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Figure 2: SCHEMATIC REGGE TRAJECTORIES WHICH ACCOUNT FOR
SOME OF THE LOW ENERGY Nit PHASE SHIFT RESULTS

Im &

P33, F37 amplitudes

1400 Mev

1400 Mev
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Figure 2 (Continued)

Im O D13 amplitude
600 MeV __O‘I
~ G-
) 4

600 MeV %1

T
o
Re
- -
1 2




~164-~
a,(s) M
Figure 3: y = Log ;Ezgj versus x = ZA/Za where ag(s) is

]
the £th partial wave amplitude for Sa(o) i 0

and a =2 q- 0'(0) Log (s). (S>> 0.)

2
y ~ const., x
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Figure 4: The complex £-plane for an idealized Reggeized

amplitude

Im 4
Regge poles and cuts (Regge

zeros not shown)

N

‘\ There can be Regge
poles out here,
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very decoupled.,

L() Re ¢
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scattering: a,2 Elastic scattering:
2 2_.K(s) S
i behavior of a
dictated by cut
structure in the
crossed channel.

a,(s) ~ 0(e™*8/ 1)

b o
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Figure 5: (Following Page)

Using the Cheng representati&n, a typical scattering cross
section, computed using an infinite number of evenly spaced
Regge trajectories, is compared with cross sections computing
using various finite numbers of Regge trajectories, evenly

spaced below the same leading trajectory.,
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10, 000 SEE— Infinite number of Regge poles.
8 )
O One Regge pole.
D : Three Regge poles., :
‘I
x Seven Regge poles. '

1,00

()

100

10

DIFFERENTIAL CROSS SECTION (arbitrary units)

Cos 6
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Figure 6: (Following Page)
Expanded view of forward peak for a typical infinite

trajectory cross section,
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Ordinary angular scale.

Expanded angular scale.,

.90

05

.95

cos @




Figure 7: Perspective sketch of the complex s-plane, showing where a Regge pole
trajectory and its corresponding zero trajectory, are evaluated, for
rising energies, when there are inelastic thresholds.,

Im S
ar(s) = @(SI)

Grp(s) = alery)

Re §

Elastic First inelastic threshold
Threshold

-0LT-



Figure 7 (continued): Path of integration in a Cheng-like representation
for elastic scattering.

-TL1-

Around elastic branch point.



Path of integration in a Cheng-like representation for
energies above inelastic threshold.

Figure 7 (continued):
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L+ 1 s Sy
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Readers accustomed to solving mathematical problems by physical

In

reasoning may notice the similarity between the Legendre
series for R(f,z,\) and the surface Green's function for the
electrostat;c problem in prolate spheroidal coordinates

(E.W. Hobson, op. cit., page 417). One might search for an
alternative method for solving the potential problem in these
coordinates and perform the required sum using the physical
analogy. In fact, however, there does not seem to be a
straightforward way to carry out this task. Accordingly, the

summation is presented here as a mathematical exercise. The

function

fay) = ) BLED b
P ()
£

has interesting properties in itself; for example, it has a
set of poles dense on the lime - 1 <y < 1, and therefore
possesses a natural boundary in y. Consequently, the limit

y -1 or, in our case, ¢ -0 or equivalently s — «, must be
approached with some care.

the two works previously cited, E. Hille considered the dis-
tributions of zeros of the Legendre functions. The function
Pa(x) was treated in somewhat greater detail than the functiom
Qa(x), although Hille did prove that in the cut plane there
were no zeros of Qa(x) for Re @ > - 1/2, and that in the case

of & real, @ < - 1/2 and - n< Q&< -n - 1/2, there are no



-180-
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1, while as & ¢ - n - 1/2, the zero approaches the value

X
X = o, and that the variation is monotonic. Using the re-

presentation

)

— -(L +CQ + 1)x
Qy(cosh x) = 224 = P (cosh x)
= rE £ 2

it is trivial to show that there are no zeros for x real,
x>0 andIIm @ # 0, which completes the extension of Hille's
results to our special case, where the argument of the
Tegendre function Qa(z) is held fixed at z = cosh x (x real)
and the zeros computed as a function of the complex index, C.
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