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EVIDENCE ON DUALITY AND EXCHANGE DEGENERACY FROM FINITE 

+ + * 
i1n~KA 

R. D. Field, Jr., and J. D. Jackson 

Department of Physics and Lawrence Radiation Laboratory 
Uni vers i.ty of California, Berke,ley, Ca.li fornia 94720 

March 11, 1971 

ABSTRACT 

Using FESR's for the reactions + + 11 n ~ K A we 

determine the effective "pole" parameters of the * ** K and K Regge 

trajectories from a knowledge of the low-energy resonances and their 

couplings. The resonance parameters and the D/(D + F) ratio for the 

1+ 
2 baryon octet are varied somewhat to test the sensitivity of the 

+ 
h " h d" t" 1 19 -energy pre 1C 1ons; 2 octet couplings within the range of values 

found empirically in other reactions are preferred in our solution. We 

find that the s-channel .resonances in K-n ~11-11. do add in such a way 

as to produce predominately real amplitudes at high energies as pre-

dicted by duality diagrams. We find, however, that these predictions 

are not satisfied exactly. Although the phases of both A' and Bare 

small and independent of t for\t\ < 0.5 (fJeV/c)2, the residues of 

the even and odd signature Regge poles are closely exchange degenerate 

only for the B amplitudes, and not for the A' amplitudes, thereby 

allowing an appreciable polarization for K-n ~11-11. as is observed 

experimentally. 

* This work was supported in part by the U.S. Atomic Energy Commission. 



-iv- UCRL-20287 

The Regge pole parameters determined from the sum rules give a 

- -good fit to the reaction K n ~n A over a wide range of energies, 

whereas they are unable to fit + + 
n n ~K A at intermediate energies. 

Comparison of the resonance contributions to K n ~ n A and + + n n ~K A 

shows that "peripheral" resonances dominate the sum rules in the first 

reaction, while "nonperipheral" states are important in the second. By 

supposing that "peripheral" resonances are dual to the leading Regge 

singularities in the t channel, while "nonperipheral" resonances are 

dual to lower-lying singularities, we are led to a rationale of why the 

simple model of two effective Regge poles is adequate for 

even at intermediate energies, but inadequate there for + + 
Jfn~KA. 



'. 

-1- UCRL-20287 

I. INTRODUCTION 

The duality diagrams introduced by Hararil and Rosner2 conven-

iently illustrate the ramifications of duality and the absence of quark-

model "exotic" states. Processes with planar duality diagrams supposedly 

have high-energy amplitudes with imaginary parts and t-dependent phases, 

whereas reactions with nonplanar diagrams have purely real amplitudes 

at high energy. Rosner explicitly states that his derivation of the 

duality diagrams from SU(3) 
, + 

couplings applies only to the nonflip 

amplitude (A') of (0- 1) , 2" scattering, and requires purely f-coupling 

of the vector mesons, and purely d-coupling of the tensor mesons to the 

pseudoscalar mesons. Harari, on the other hand, conjectures that 

whenever a diagram is nonplanar all the corresponding helicity ampli-

tudes should be purely real at high energies. Thus Harari predicts 

that whenever the duality diagram for a reaction is nonplanar the pol-

arizationshould vanish at high energy. One such process is K n ~~ A, 

whose three duality diagrams are shown in Fig. 1. Although the quantum 

numbers allow resonances in all three channels, the s-t diagram, 

relevant for near-forward scattering at highs, is nonplanar. Following 

Harari's conjecture that both the nonflip (A') and flip (B) ampli-

tudes are real, we should expect no high-energy polarization. However, 

experiments at 3.0 and '4.5 GeV/c show a large positive polarization 

for 0 < It I < 1.5 GeV/c. 3 ,4 In an effort to understand the origins 
- - i 

of this apparent failure of duality diagrams and also the breaking 

of exchange degeneracy' (EXD) for the reaction K-n ~rt-A and its 

line-revers~d partner + + rt n ~ K A, already emphasized by Lai and 

Louie,5 we present here a finite-energy sum rule (FESR) analysis of 
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these inelastic proces~es. Independent of these specific motives, we 

wish to elucidate the properties of hypercharge exchange in the t channel .. 
and to test the usefUlness of FESR for inelastic reactions. 

It is well known that the FESR are unable to distinguish among 

the various high-energy models. Hence one must know or assume what the 

model is at high energies. Then FESR can help determine parameters 

inside that framework. We adopt a conventional high-energy model con-

sisting of two Regge "poles" in the t channel (see Fig. Id), the * K (890) 

** with negative signature and the K (1420) with positive signature. 

The Regge "poles" are to be understood as effective poles into which the 

effects of branch cuts have been absorbed. We use the FESR to determine 

the residues of the two Regge poles and hence determine the high-energy 

behavior of the amplitudes A' and B. This leads to predictions of 

the differential cross section and polarization at high energy for the 

reaction K-n ~:n: - A and the "line-reversed" reaction + + :n: n ~ K n. 

We start in Sec. II by giving a detailed discussion of use of 

FESR in the inelastic reaction K-n ~:n: A. We define and discuss the 

use of signatured amplitudes and the necessity of daughter trajectories. 

We also present a discussion of the narrow resonance approximation and 

questions concerning the resonances or poles below threshold and arbi-

trariness in their parameters. In Sec. III we exhibit and discuss the .. 
FESR results for the high-energy observables of K-n ~ :n:-A, the status 

* ** of EXD for the K and K exchanges and the associated reality of 

the amplitudes for K n ~:n: -A, the EXD of the direct-channel Y = 0, 

* I = 1 I: resonances, the failure of the model at intermediate energies 

for + + :n: n ~ K A, and possible reasons for it. A summary is given in Sec. IV. 



". 
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The reader who is interested only in the results can begin with 

Sec. IIC and Fig. 5 and proceed to Sec. IV. 
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II. APPLICATION OF FESR TO THE REACTIONK-n ~ J1 - A 

A. Sum Rule Formalism, Crossing versus Signature, 

High-Energy Observables 

We employ integer moment finite -energy sum'rules (FESR) of the 

6 standard form, 

J.
Vl 

n . dv v 

o 
1m F( ±) '(v t) asym , , (11.1) 

where F(±)(v,t) is an appropriate reaction amplitude whose asymptotic 

form F(±) (v t) 
asym , is assumed to represent the amplitude for 

The integer n is even (odd) for amplitudes that are odd (even) under 

v ~ :-v. 

The notation for the kinematics of the reaction, K-n ~ n:-A, 

and the crossed reaction, 
+ + ' 

J1 n ~K A, is shown in Fig. 2. The 

amplitudes to be used in the FESR (1101) are constructed from the 

invariant amplitudes A and B which enter the Feynman 'amplitude 

for the two reactions 

?r{(p' ,g'; p,g) = UA(p' )(-A(s,t,u) + ~ y.(q + g') B(S,t,u)}Un(p), 

Note that A and B correspond to the process K n ~J1-A, and A and 

B to + + -J1 n ~ K A, and also that g' = -g, g = -g'. The scale of ~ 

is defined by the differential cross section formula, 

do 
dt, = 



'. 
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wherep is the center-of-mass momentum in the initial state, and a 

sum over final spins and an average over initial spins is understood. 

Using the crossing behavior of ~, 

~*(p,-q'; p' ,-q) ??l(p',q'; p,q), 

we see that 

-* A (u,t,s) = A(s,t,u), 

-* 
B (u,t,s) = -B(s,t~u). 

In terms of the variables, v = s - u 
4m and t, and with the real 

analytic property of A and B, the crossing conditions are 

i(v + ie,t) = A(-v - ie,t), 

B(v + iE,t) = -B(-v - ie,t). 

In the following we drop the iE with the understanding that the 

(II.2a) 

(II. 2b) 

physical regions for the two reactions are as indicated in Fig. 3. 

Since we are dealing with Regge trajectories in the t channel 

we introduce the t-channel helicity nonflip and flip amplitudes, 

respectively, 

t 
f'++(v,t) = 

t 
f +_ (v, t) = 

em + m,)2 A'(v,t) 
2 1. , 

[t - (m + m') J2 

1 

[¢(v,t)J2 B(v,t~ 
[t - (m ~ m,)2 J2 ' 
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where ¢(v,t) 4t 2 2 . 2 ~ 
Pt qt Sl.n "t is the Kibble functioD. 

amplitude At is expressed in terms of A and B as follows: 

At(v,t) 

Similarly· 

. Af (v, t) 

t 2] A(v,t) + (m :mmt) vB(v,t) 
(m + mt) 

'2 2 
+ ~ (mf - m)(~ 2- ~ ) B\v,t). 

(m + m' ) . 

= [1 ---t-'"""2] A ( v , t) + ( 2m I ) vB ( v, t ) 
(m + m' ) m + m 

'2 2 
1 (m' - m)(~ - ~ ) B(v,t). 
2 (m + m' )2 

The 

For forward elastic scattering the above equation for A' reduces to 

A' = A + vB, which is the same amplitude defined by Singh.? The crossing 

behavior of At is easily seen to be 

A'(v,t) = A'(-v,t). (II. 3) 

Amplitudes with even or odd behavior under v·~ -v may be formed in an 

obvious way: 

~[A' (v,t) ± A' (-v,t)J . = ~[A'(v,t) ± i' (v,t)J, (II.4a) 

= ~[B(v,t) + B(-v,t)J = ~[B(v,t) + B(v,t}J, (n.4b) 

where the final expressions result from use of the crossing relations 

(II.2b) and (II.3). 

... 

... 
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In using finite-energy sum rules it is customary to assume that 

at high energies s the amplitudes are dominated by certain Regge 

trajectories (or at least effective Regge trajectories) of definite 

signature in the t channel. For elastic scattering, amplitudes with 

even or odd signature are also even or odd under v ~ -v, but for 

inelastic processes this is not true in general. Amplitudes A' (±) 

and ~(±) having definite signature in the t channel are formed as 

follows: 

A, (+) 
A - (Zt' t) 

~(±)(Z t) t' . 

= ~ ~ (2J + 1) A'(±)(J,t)[PJ(Zt) ± PJ(-Zt)]' 

J 

~ 
J 

(+ ) 
(2J + 1) B - (J, t ) I [p' (z ) + P J-C -Zt ) J, 

[J(J + 1) J'2 J t 

and 'are even or odd under Zt ~ -Zt. The connection between Zt and 

the kinematic variables, 

1 '2 2 '2 2 
4mv + r(~ - ~ )(m - m ), 

shows that Zt ~ -Zt is the same as v ~ ~v for. processes in which 

~' = ~ or m' = m (or both), but not the same for the general 

inelastic process. This complication for arbitrary masses is just one 
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aspect of the problems encountered in describing such processes in terms 
. 8 

of Regge exchanges. It is well known that Freedman and Wang assured 

power-law behavior at all t values and Mandelstam analyticity near 

t = 0 by the introduction of daughter trajectories. The basic Regge 

pole contributions to the signatured amplitudes are 

= (II.5a) 

= (II.5b ) 

where c ±.(rv) . th l' t f t ~ ~ lS e usua slgna ure ac or 

= 

With the introduction of daughter trajectories the Legendre function 

Pa(Zt) is replaced, to leading order in v, as follows: 

_r-r-(a_+_~_)_ (2mv \a 
(nY~ rea + l)PtPt) , 

I 
(n)2 rea + 1) 

The high-energy behavior of A' (±) and ~(±) 

A., (+) 
A - (z t) 

asym t' = 

v~(±) (z t) 
asym t' 

then becomes 

(n.6a) 

(II.6b) 



-9- UCRL-20287 

where 

.1. + 3 
(rrF r(o:- + 2") 

+ r(o:- + 1) 

+ 

G:;~Y- ~~±)(t), (II.6c) .... 

+ 

+ r(o:- + 1) 
(

PtPt )(2mvo)O:- (±) t 
m p pt Bb (), 

t t 
= 

(II.6d) 

So 
and vO= 2m is a scale factor. We see that the net result of incor-

porating daughters is to make the dominant contribution to the signatured 

amplitudes at high energy have definite crossing properties with respect 

to the energy variable v, that is to say, that to leading order in v, 

At (±)(v t) At (+) 
= A - (v t) asym , asym , , (II. 7a) 

B(±) (v t) asym , = ~(±) (v t). asym ., 

When the above expressions for A'(±)· and B(±) 
asym asym (II 0 6a, b ) and 

A
, (±) 

(II.7a,b) are used, the sum rules for and vB
(±) are 

(II.8a) 
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(,1/(V
1
2n+l );\ iV.l 2n I (_) ( ) ~ ~ v rm A v,t dv 

= (rI-8b) 

(rI-8c) 

(rI-8d) 

where n = 0,1,2,'" t 
and vI == vl(t) = vl(O) + 4ni' and where 

= ~ [rm A' (v, t) :t rm A' (v,t)], 

= ~ [rm B(v,t) ± rm i(v,t)J. 

rn principle we evaluate the LHS of the FESR's from knowledge of the 

low-energy data (v ~ vI) and calculate the parameters of the leading 

Regge poles of definite signature, a±(t), b±(t), and a:i"(t),. from 
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. + 2n LHS(J/ +) Zn) - ( 2n + 2) LHS r ( +) , n + 1) (II.9a) 0: (t) == 
LHS (B(+) , n + 1) - LHS(B +),~ 

o:-(t) == ~2n + 1~ LHS~( -) lnJ - (2n + ~} LHSG( -) Z n + ~ (II.9b) 
LHS ~ -), n + 1) - LHS (B ( -) ,r;) . 

and 

( r+(t l 
+ [o:+(t) + 2n + 2J LHS(AI (+) ,n) vl 

(II.9c) a (t) = 
Vo .. 

a-(t) == 

( -a-ttl 
[a-(tl+2n+l1LHS(f,'(-l,n) :~) , (II.9d) 

( r+(tl 
b +(t) 

. + . 
LHS ~ ( + ) , n) : ~ , (II.ge) = [0: (t) + 2nJ 

- - + + The high-energy amplitudes for K n -7 n A and n n -7 K A are then 
AI (+) 

determined from (II.4a,b) using the asymptotic expressions for A - (v,t) 

and ~(±)(v,t) (IIo6a,b): 

AI (v,t) . [ . + +0: (t) 
~ . -a +(t) cot(;O: (tf\(L) 
v large '= 2 ~ Vo 

± .-(tl tan0'~(t~( ~Ja-(tl] 

+ + + (t {~o f (t l ± a - (t l C J a - (t ~ , (II.10a) 



vB(v,t) . 

vB(v,t) 

~ 
v large 
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(I1.10b) 

From the above expressions we see that if a+(t) = a-(t) (weak EXD) 

then AI and B are purely real if a+(t) = -a-(t) and b+(t) == -b-(t),· 

respectively. We refer to this situation as strong EXD. 

One can easily express the differential cross section and 

polarization in terms of AI and B as follows: 

1 2 1* 
== 2[¢(V,t)]2 (m + ml) 1m A B 

(m + ml )4\A I \2+ ¢(v,t)\B\2 
(Ilollb) 

do 7- +) + + Similar expressions for dt (rr n ~ K II. and P(rr n ~K 11.) are obtained 

by making the substitution AI ~AI and B ~B in the above formulas. 

Substituting the high-energy expressions for AI and vB into the 

formula for the polarization and assuming weak EXD ~/(t) == a-(t) = aCt») 

yields 
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P(K-n .... n - A) ~ 2(m + ro' i[a -(t)b +(t) - a + (t) b 1t) loin ~(t~¢(VV t)l~) 

X fro + m,)4 [(.:(t)2 + a -(d) +~ +(d- a -(t)~ co." ~a(t»J -1 

+ ¢() t) [~+( t)2 + b -(t») + ~+(t)2 - : -(d) cos (i<a( :»1} , 
which is energy independent at large v ~ince (¢)2 rv v). Thus, 

if the residues happen to be in the ratio 

(n.12) 

the contributions from the two terms in the numerator reinforce and the 

polarization becomes large, even if weak EXD is assumed. 

B. Evaluation of the Sum Rules; Resonance Parameters; 

and Poles Below Threshold 

There are two major difficulties in attempting a FESR calcula-

tion of the high-energy amplitudes. The first is that there exist size-

able unphysical regions in both channels with a number of poles and 

resonant states whose contributions to the FESR are not experimentally 

accessible. It will therefore be necessary to use SU(3) estimates of 

the couplings into those channels for which the resonance is below 

threshold. The second difficulty is that even above threshold there is 

no detailed phase-shift information from which to calculate the imaginary 

parts--all that exist are the parameters of various postulated resonant 

states Whose very existences, let alone couplings, are often debatable. 9 

We are therefore forced to make a narrow-resonance approximation for all 

contributions to the sum rules, whether above or below threshold. This 
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precludes the use of continuous moment sum rules and means that we will 

obtain relatively poor information about the effective trajectories. 

The individual contributions in the narrow-resonance approxima-

tion are derived as follows. For an s-channel resonance the usual 

Breit-Wigner form yields 

T res M 2 - s - iM r 
s s 

, 

where Ms is the mass of the resonance, r its total width, rl and 

* - * r 2 the partial widths L ~ K nand L ~n. A, respectively, and 

c;p the relative sign of the resonant amplitude. Similarly for a 

u-channel resonance we have 

where 

T res 

and 

1 

c;p M (r r4)2 
u u 3 

are the partial widths + N* ~ n n and * + N ~ K A, 

. respectively. Thus in a narrow-resonance approximation we have 

where 

1m T (v,t) res 

1m T (v,t) . res 

= 

= 

1 
n M c;p (r r )? 

u ~m d 4 o(v - ) - vres ' 

2 1 2 '2 2 '2 
Ms - 2(m + m + ~ + ~ - t) 

vres = 2m 
, 

.". 

.. : 
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2 1 2 '2 2 '2 
Mu -"2( m + m + IJ. . + IJ. - t) 

2m 

The relationship between 1m A and 1m B and 1m T res 

1m A(v,t) = K(S)(C(-)(s)[(s)~+ 'M] 1m fl(v,t) 

UCRL-20287 

follows from 

- C(+)(S)[(s)~ - 'M] 1m f
2
(v,t)} , 

where 

where 

K(s) 1 and M 

00 

Im fl(v,t) = L [Im f£+~S)~)P.e+l(cOS 9s ) 

£=0 

00 

Keeping track of the nOrm.alization,one finds 

1 = "2(m + m'), and 



Imf' +(v,t) 
:e-

= 
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1 ----rr 1m Tres -(pp')2 
s s 

Similar expressions f'or 1m A and 1m B in terms of' 1m Tare res 

obtained by substi tuting. s ~ u, cos 9 ~ cos g, E ~ E, E' ~ E I sus u s u 

in the above expressions and using 

1m f(v,t) 
i± 

= 
1 

r 
(p p')2 

u u 

1m T res 

We use the Y =0 s-channel resonances (2:*'s) to f'orm the amplitudes 

1m A and 1m B and the Y = 1 u-channel resonances (N*' s) to form 

the amplitudes 1m A and 1m B, leading eventually to the representation 

of' the LHS of the sum rules (11.8) as sums over the s- and u-channel 

poles. In Table I we list the parameters of the resonant amplitudes for 

the s- and u-channel states considered in this study. There are a 

number of' independent analyses of' both - - 9-14 K n~:rr 11. . 

yielding somewhat dif'f'erent parametrizations and even diff'erent numbers 

of' resonances. The ranges of parameters f'ound in these analyses, and 

also f'rom the compilation of the Particle Data Group,18 are shown in. 

Table I in addition to the values used by us. As pointed out by 

Galtieri,9 there is agreement among the various analyses of' K-n ~ :rr-1I. 

only f'or the three resonances 

The remaining f'ive L:: states in Table I are controversial. Tests were 

made of' the sensitivity of' the sum rules to our particular choice of' 

parameters .. While some changes occur when other possible sets of reso-

nance parameters are used, the ef'fects are in general not marked. From 

-.,. I 
; 
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the point of view of fitting the high-energy differential cross section 

for K-n ~n-A, there is, however, some difficulty caused by the 

L(1940)~- state if all the resonance parameters of Table I (our 

specific choices) are employed. This state, reported by LitchfieldlO 

and Ga1tieri,9 is important enough that its presence or absence has a 

significant effect on the high-energy observables. When the present 

work was begUn this state was sufficiently doubtful that we felt jus-

tified in omitting it from the analysis. All the curves given below 

are-calculated with the parameters of Table I, except for the omission 

of the L(1940)~- During the preparation of this paper we have become 

persuaded that this resonance is at least as real as some of the others 
. . 3+ 

[e.g., L(2080)2 J, and have therefore re-examined its inclusion. We 

are able to obtain almost the same Regge parameters and fit at high 

energies with modest changes of the parameters of some of the other 

states in Table I (always within the limits of error listed in Table III 

of Galtieri9). At the appropriate place below we indicate the small 

changes that occur in the Regge parameters for this revision of the low-

energy sumS. 

There are six "pOle" terms that lie below threshold; the 
1+ 1+ 

N(1550)~ 
-

N(938 )2 ' N(1470 )2 ' N(1518)~ , and in the u channel; 
+ . + 

and the L(1197)~ and L(1385)~ in the s channel. We use the 

Lagrangians shown in Table II to calculate these pole terms. The 

contributions to Im A, etc. are shown in Table III in terms of 

kinematic variables and products of couplings appropriate to the charge 

states involved. We now proceed to estimate these coupling constants, 

.' .' 
using the following values for the widths: 
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+ 0 r[N (1470) ~ rr PJ = 40 MeV, 

+ . 0 
r[N (151S) ~ rr PJ 20 MeV, 

+ 0 
r[N (1550) ~ rr PJ = 9 MeV. 

These specific values are rather arbitrary, but the widths of these 

resonances are quite uncertain. Our choices are within the allowed 

ranges quoted by the Particle Data Group.lS When we use the formulas of 

Table II the coupling constants in the effective Lagrangians are found 

to be 

+ . 0 g[N (1470) ~ rr p]4.5, 

+ 0 
(l/~) g[(N (151S) ~rr PJ = 10.S, 

+ 0 
g[N (1550) ~rr PJ = 0.4. 

Assuming each to be a member of an SU(3) octet with the D/(F + D) 

ratio given in Table IV, we use SU(3) to determine the unobservable 

coupling constants, 

= 0.2 . 

Similarly, using 

32.4 MeV 

• 
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and Table II we obtain 

With exact SU(3) for the decuplet the L-(1385) ~K-n coupling is 

If we had begun instead with the width of 120 MeV for the .6(1238) , 

these values of 9.1 and -7.4 would have been 10.9 and -8.9, respectively. 

This gives some indication of the magnitude of the symmetry breaking 
3+ 

for the 2 decuplet. Warnock and Frye's value19 of the 

L-(1385) ~ K n coupling constant are equivalent in our notation to 

-8.3 [exact SU(3), .6(1238) widthJ and -7.4 [broken SU(3)J. 

It happens that our first estimate is numerically the same as Warnock 

and Frye's preferred value. 

The relevant Nand L coupling constants are shown in Fig. 4 . 

as a function of D/(D + F), assuming exact SU(3) symmetry and 

o 20 g[p .~ ~ PJ = 13.55. The early empirical determinations of Zovko and 

21 . 
Kim, showp. in the figure, indicate that D/(D + F) is in the range 

0.5-0.8, but also imply some symmetry breaking. Numerous other estimates 

of the L:KN and AKN couplings have been made. As can be seen from 

Fig. 27 of Levi-Setti,22 the AKN values cluster around either Kim's 

or Zovko's value, with no clear preference indicated. The square of 

the n<N coupling constant is always found to be small,with Zovko's 

value as a rough upper limit. Also shown in Fig. 4 is the estimate for 

o 0 23 geL ~~ AJ of Chan and Meiere. Our calculation involves the 
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products g[r: - ~ K-nJ g[r:
O ~ 11°Il.J for the r:(1197) pole and 

g[p -+ n: 0p J g[p ~ K + II.J for the N( 938) pole. 

C. Sensitivity to the Couplings of the Pole Terms 

It is painfully obvious that there is tremendous latitude in the 

specific choice of coupling constants for the states below threshold. 

Some states, such as the N(1470), N(1518), and N(1550), are relatively 

unimportant in the sum rules. Variation of their couplings around the 
1+ 

values given above produces no major effects. For the 2 baryon octet 

poles and the r:(1385), however, the contributions are of sufficient 

importance that the results are sensitive to the exact values of the 

couplings'. Numerous exploratory calculations were made to study these 

variations. Even though the exact use of the sum rules and the assump-

tions made in determining the trajectories and residues are not described 

until the next section, we illustrate in Fig. 5 the effect on the 

differential cross section at high energies. In the upper half of the 

figure the change produced by variation of the D/(D + F) ratio of 

the 
1+ 
2 

octet is shown, all other couplings being held fixed. The 

curves are for different ratios D/(D + F) assuming exact SU(3} for 

all vertices, but similar variations occur if random combinations of 

Kim's and Zovko' S values are chosen. If the couplings are forced to be 

SU(3) symmetric, the optimum D/(D + F) ratio is in the range, 
24 .' 

0.65-0.70, not far from the canonical value of 0.6. The lower half 

of Fig. 5 shows the effect of varying the coupling of the 2:(1385). The 

two curves are for the exact and broken SU(3) estimates of Warnock 

and Frye for the coupling to the KN channel quoted above, the coupling 

~. ! 

i 
i 
: 

~ I 
i 

i 
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to the rrA channel being fixed from experiment. The ~(1197) and 

N(938) pole contributions are fixed by D/(D + F) = 0.675. The experi-

mental cross sections at high energy slightly favor the value 

coupling. 

There is evidently some possibility of 

octet couplings against 

Our choices of D/(D + F) for the 

changes in the 
1+ 
"2 octet and 

couplings for the ~(1385) are certainly in the comfortable range of 

expected values, but are in no way unique. The results are most sensitive 

to the value of D/(D + F). A value outside the range of 0.6 to 0.7 

[or its equivalent for broken SU(3)] leads to a bad fit to the high-

energy observables for K-n ~ rr -A. The ~(1385) couplings are less 

crucial, but cannot be varied by more than 20% without serious diffi~ulty. 
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III. RESULTS 

A. Trajectories, High-Energy Cross Sections, Polarization 

As is perhaps apparent from the preceding section, the uncer-

tainties of the couplings and the necessity of making a narrow resonance 

approximation precludes the use of anything but the lowest moment 

(n = 0) sum rules. We are thus unable to calculate the Regge trajectories 

a:±(t) from the formulas (II. 9a,b). We assume that the trajectories 

have unit slope (1 GeV-2 ) and determine the intercepts in the following 

way. The even-signatured residues a+(t) and b+(t) must vanish at 

the right-signature point, a:+(t) = 0, in order that the real parts of 

the amplitudes not be singular in the physical region. From (II. ge) 

it can be seen that the n = 0 sum rule for b+(t) automatically 

satisfies this requirement. For 
+ 

a (t), however, (II. 9c) shows that 

we must define a:+(t) = 0 at the t value where LHS 0' ( +) ,0) = o. 25 

The trajectory a:+(t) is thereby determined. For the odd-signatured 

amplitudes we appeal to the presence of a sense-nonsense factor of 

a:-(t) in the residue b-(t). From (II. 9f) it is seen that a:-(t) = 0 

is then defined as the t value where LHS(B( -) ,0) = O. The question of 

whether b-(t) has additional factors of a:-(t) is left open, to be 

answered by the sum rules themselves. It should be remarked that the 

vanishing of LHS~( -) ,0) can be attributed to interference between 

Regge pole and Regge .cut amplitudes, rather than to the presence of a 

factor of a:-(t) in a purely Regge pole amplitude. Because of our 

limitation in the sum rules to two effective Regge poles, one for each 

signature, we cannot speak to this point. We merely assume that the 

vanishing of the ef·fective residue b-(t) signifies a:-(t) = o. 



-23- UCRL-20287 

The residues + a '( t), are calculated 

from Eqs. (n. 9c-f) with n = 0, the trajectories having been found 

as described above. The exact values of the residues depend on the 

upper limit vl in the sum rules and on the choice of, Vo 

We take So = 1 GeV and use vl(t) = vl(O) + t/4m, with 

above the highest-mass resonance included in the sum rule. 

26 
- sO/2m. 

vl(O) slightly 

The standard 

value employed is vl(O) = 1.8, corresponding to M = 2.14 GeV. The 

results are insensitive to 10 percent changes in vl(O). If vl(O) is 

lowered below the highest L: resonance in Table. I and its contribution 

is therefore omitted, the two zeros of LHS(A' (+) ,0) just disappear. 

[The inverted parabola for a+(t) of Fig. 10 drops below the axis.] 

+ This means that a cannot be defined as before and also that the real 

part of the Regge pole amplitude has a pole in the physical region, or 

else there is a 0+ particle of small mass. Nevertheless, the high-

energy observables are changed very little, except in the immediate 

vicinity of the spurious pole. Furthermore, small changes in the resonance 

parameters can bring back the two zeros in LHs0'(+),0). Similarly, 

inclusion of the L:(2060)~ of Galtieri9 (not listed in Table I) 

changes the observables only slightly. We conclude that our sum rules 

are reasonably insensitive to the detailed behavior at the upper limit 

As already described in Sec. IIC, theL: and N pole terms 

are very important in the sum rules and the L:(1385) somewhat less so. 
1+ 

The D/(D + F) ratio of the 2 octet was therefore varied to optimize 

the fi tto the data on the differential cross section for K-n -711-A, 

as shown above in Fig.' 5. The ''best'' solution [D/(D + F) = 0.675] is 
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-compared with the experimental cross sections for K n -? 11 A at 3.0, 

3.9, and 4.5 GeV/c in Fig. 6. 'In Fig. 7 we show the polarization 

3 . 
resulting from our solution and the corresponding data at 3.0 and 4.5 

4 GeV /c ,and in Fig. 8 we display our predictions for the A and R 

parameters ofWolfenstein27 at 4.5 and 9 GeV/c. Our polarization and 

A and R parameters are essentially independent of energy. In Fig. 9 

we compare our prediction for the slope parameter b with 

the results of experiment at various momenta. These figures show that 

our solution is in good agreement with existing differential cross 

sections for K-n -? 11-A, gives an energy variation and magnitude of b 
, 28 

consistent with the data, including recent results from SLAC, and is 

in agreement with the rather inaccurate data on polarization for 

o < I t I < 1.0. 

Comparison of our solution with,the line-reversed process, 

11 +n -? K+ A, ,is deferred. until after a discussion of the residues them-

selves and questions of exchange degeneracy. 

B. Residues, Exchange Degeneracy, Duality 

The residues a±(t) for the "best" solution are 

shown in Fig. 10. The residues a+(t) and b-(t) vanish at t = -0.15 

and t = -0.18, respectively, corresponding to trajectories 
+ . 

0; (t)= 0.15 + t and o;-(t) = 0.18 + t. Our solution thus exhibits 

approximate weak EXD. The t-channel spin-flip residues b±(t) are seen 

to satisfy the relation b:!:(t) "'" -b-(t) over a large .range of t. 

This is evidence for strong EXD for the spin-flip residues. The t­

channel nonflip residues a+(t) and -a-(t) have the same general 

shape, but differ by a low-order polynomial. Evidently strong EXD does 
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not hold for the nonflip residues. 29 It is of interest, nevertheless, to 

display the degree of exchange degeneracy in the amplitudes in another 

manner in order to understand better how well or how badly EXD is 

satisfied. From EXD arguments or duality diagrams, we expect the ampli-

tudes (A',B) - -for K n ~ n A to be real, while the amplitudes or' ,B) 

for 
+ + 

n n ~K A have a t-dependentphase factor, exp[-ina(t)J. In 

Fig. 11 are displayed the phases of A' , B, A' , and B as functions 

of -to The strikingly different t dependences of the phases for 

(A' ,B) and (A' ,B) are apparent. Furthermore, the phases of A' and 

B are small for It I < 0.5, especially that of B. Now, at-dependent 

phase for A' of only 20 degrees and a much smaller phase for B can 

plausibly be argued as evidence for reasonable exchange degeneracy and 

a vindication of duality diagrams. Nevertheless, this rela ti vely modest 

phase difference between A' and B is responsible for the nonvanishing 

polarization shown in Fig. 7. 30 This emphasizes once again that polariza-

tions are delicate quantities and that yes-no theoretical predictions 

about them are hazardous. Conversely, it argues against judging the 

overall success of a model or theoretical principle by how well it does 

in predicting polarization. 

In Sec. lIB we noted that some of the resonances in Table 1-\1-

were controversial, and that we had omitted the I:(1940)~ state from 

the sum rUles. A fit is still possible with this state included, 

provided some of the widths are altered. One fit that yields 

a+ = 0.14 + t, a 0.24 + t, and residues almost identical with 
;." 

those of Fig. 10 has the couplings of Table I modified to 
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for the 

2030 states, respectively. The observables from this solution are 

almost identical with those of Figs. 6, 7, and 8. 

Another aspect of the residues shown in Fig. 10 is the degree 

of correlation between the zeros of the residues and the zeros of the 

contributions to the various sum rules from the individual resonances. 

It is well known that such correlations formed the original motivation 

for the concept of duality.31 The zeros of the various contributions 

to 1m A.' and 1m B are shown in Fig. 12. First consider the zero 

in a+(t) at 2 
t ~ -0.15(GeV/c) • From Fig. 12 it is seen that the 

important contributors to a+(t) have zeros at small tr clustered in 

fact quite clos ely around t = '-0.15. The only important except ions 

appear to be the t::(1197) and N(938). The sum rule for a+(t) 

involves Im[ vA' ( +h, however, and the values of v for the 

and N(938) are so small that their contributions are unimportant over 

the whole range of I t I < 0.5. Wi thin the framework of two effective 

Regge poles at high energy it is gratifying that. for the even-signatured 

amplitude the resonances individually give zeros where + a (t) ::: 0 and 

a+(t) ::: O. The avoidance of a "ghost pole" at negative t is apparently 

sufficiently important not to be left to chance cancellations in the 

sum·rule. 

For a - (t) the sum rule involves Im[A' (- ) ] • The 2::(1197) and 

the N(938) contributions are no longer suppressed. This is one of 

the maj or reasons for the diff'erenc.e between a + (t ) and -a - (t ) seen in 

Fig. 10. From Fig. 12 it is evident that the zero in b-(t) at 
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2 t = -0.18 (GeVjc) is not produced by a zero from each resonance, 

but rather by a cumulative cancellation in the sum rule. Such behavior 

is in" contrast with that found originally by Dolen, Horn, and Schmid31 

for the p Regge pole in nN elastic scattering. The present mechanism 

for generating a.zero in b-(t) arises because of the alternations in 

sign caused by the approximate EXD of the s-channel resonances, as 

discussed immediately below. 

The discussion thus far has concerned EXD or lack of it for the 

* ** K and K trajectories and residues. The same duality diagrams of 

* ** Fig. 1 that predict EXDfor the K and K also show that the 

s-channel resonances are generated only by u-channel exchanges. This 

* implies that the predominant ~ resonances which enter our sum rules 

should also lie on trajectories occurring in EXD pairs and have residues 

equal in magni tude, but opposite in sign. A test of this hypothesis is 

shown in Fig. 13, where the relevant baryon trajectories are displayed, 

as well as the contributions to the sum rule for 1m B at 2 32 
t = m * . 

The dominant * ~ 

K 
resonances do seem to be roughly EXD, lying closely 

on two trajectories rather than four. The contributions from successive 

resonances on a single EXD pair of trajectories alternate in sign, and 

the absolute values have a smooth variation with mass. The cancellation 

of s-channel imaginary parts shown in Fig. 13 was previously tested by 

Ferro-Luzzi et al. 33 with experimental data on the amplitudes for ·the 

mass interval 2.25 Ge~ .::: s .s 3.61 GeV
2

• This analysis argued against 

semi-local duality in the sense of cancellations, but as is indicated 

on Fig. 13, the mass interval is such that only ~ important resonance 

from each pair of trajectories contributes. It happens that .thesetwo 
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resonances do not cancel; the cancellation comes from successive members 

* of each EXD sequence. The N states in the u channel are not expected 

to be exchange-degenerate in their couplings, and they do not seem to 

be so. 

To conclude this discussion of residues and couplings we comment 

briefly on the "sense-choosing" and "ghost-killing" mechanisms 34 for the 

* ** K and K Regge poles, or more precisely, on the type of zeros 

occurring in the residues of the effective poles. From Fig. 10 it can be 

** seen that the K appears to choose the Gell-Mann mechanism with a 

dynamical zero in the 
I (+) 

A residue at larger I t I, while the * K 

chooses sense. The behavior of the even-signature residue is similar 

to that reported for the pI and A2 trajectories, although there is 

still some argument about the latter. Arguments on SU(3) grounds 

** would tend to favor similar mechanisms for pI, A2, and K , and 

* similarly for the K and p. 

C. Troubles: + ~K+A rr n 

We have thus far discussed only the successes of our sum nile 

calculation. We must now illustrate some of its glaring failures. Our 

solution exhibits approximate weak EXD [a+(t) ~a-(t)]. Independent 

of the residues we thus predict 

and 

dada 
dt ~ dt 

p = -p 
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for the reaction K-n ~n A and its line-reversed reaction ;+ + 
n n ~ K A. 

To the contrary, however, experiments indicate that at energies near 

da 
Plab ;::::4.0 Gev/c the slope of dt" is approximately twice as steep as 

the slope of 
do 
dt and the integrated cross section o is considerably 

smaller than o. The data on the slope parameter for both reactions are 

shown in Fig. 9. Even more embarrassing is the evidence35 ,36 shown in 

Fig. 14 that the polarizations for the two reactions have the same sign, 

at least for It I <.0.4 (GeV/c)2. Such behavior of the polarization is 

impossible for a model with only one effective pole of each signature 

because then it is always true that This is independent 

of whether or. not there is weak EXD of the trajectories. The assumption 

of one effective pole of each signature is evidently too simple at 

intermediate energies. 37 The energy dependence of the slope parameters 

in Fig. 9 indicates that at higher momenta [Plab > 6.5 GeV/c, 

s > 13 (GeV)2] two weakly EXD effective Regge poles may be an adequate 

descriptio~since the slopes for + + --n n ~K A and K n ~ n A tend to 

become equal. It remains to be seen whether the polarizations for the 

two reactions have opposite signs at these higher momenta, and whether 

the magnitudes of the integrated cross sections approach each other. 

Why does our FESR calculation with two effective Regge poles 
,. 

fi t the K n ~ n - A data at intermediate energie s, but fail to fi t the 

data on + + n n ~K A? The reader may well say that the data obviously do 

not permit a description with only two Regge poles and that, since we 

chose to nt K n ~ n - A,we necessarily fail for + + n n ~ K A. There is 

clearly some truth in such a statement, but it is misleading. We 

tried the alternative of fitting the differential cross section for 
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at 3-4 GeV/c. Even with wide variation of the octet 

couplings and also coupling of the ~(1385), it proved impossible to 

do make the forward peak of dt sharp enough to agree with experiment. We 

are thus still left with the question, why does our sum rule calculation, 

oversimplified though it may be, work at 3-6 GeV/c for K-n ~rr A and 

not for + + rr n ~K A? The character of the s-channel and u-channel reso-

nances in the sum rules shed some light on this question. From Table I 

and Fig. 13 it can be inferred that the dominant s-channel resonances 

(K-n ~ rr-A) are "peripheral" resonances whose angular momenta increase 

with their masses, and whose s-channel nonflip and spin-flip helicity 
1 

amplitudes have zeros at roughly the same t-values as J O[R(-t)2] and 
, 1 

J l [R(-t)2]; respectively, where 38 R ~ 0.9 fm. This behavior is 

analogous to an elastic reaction, and is not surprising in view of the 

exothermic nature of the process. On the other hand, the threshold for 

+ + rr n ~K A is 530 MeV above the threshold, ~ + mrr = 1079 MeV, for 

elastic + rr n scattering. Centrifugal barrier effects will hinder 

peripheral rrN resonances from contributing to the inelastic reaction 

+ +, 
rr n ~K A. The dominant u-channel contributions are thus expected to 

come from rrN states of relatively small spin, "nonperipheral" resonances. 

This is indeed what is seen from Tables I and IV. The "peripheral" 

resonances, D15 and F15, which are very important in the sum rules for 

elastic nN scattering, couple weakly to rr+n ~K+A, while the 
+ 

"nonperipheral" 
+ 

N( 938)~ pole] 

states such as and N(1860)~ (and the 

are of considerable importance. 
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Let us assume that a high-energy model with two effective Regge 

poles which a:re approximately weakly EXD is a reas,onable description of 

both reactions at incident momenta above 6-8 GeV/c, but fails for momenta 

of order 3-4 GeV/c. We are then led to the following hypothesis: 

(1) The leading t-channel Regge singularities (called effective 

poles above) are dual to the "peripheral" resonances in the direct 

channel. 

(2) Lower lying t-channel j-plane singularities are dual to the 

"nonperipheral" resonances in the direct channel. 

As can be seen from the energy denominators in a fixed-t ~ispersion 

relation, at intermediate energies the contributions to a reaction ampli-

tude from' the resonances in that channel are more important than from 

those in the crossed channel. Since the "peripheral" resonances occur 

in the K-n ~ n-A channel, we can understand why the simple two-pole 

model works even at intermediate energies for that channel. 39 The 

dominance of "nonperipheral" states for + + n n ~K A on the other hand 

argues for a more complicated description at intermediate energies. 

The association of "nonperipheral" resonances with lower-lying 

j-plane singularities in'a crossed channel can be made plausible by 

considering the idealized explicitly dual Veneziano amplitude. Our 

distinction between "peripheral" and "nonperipheral" contributions is 

in some ways ,analogous to Harari's description of elastic scattering. 38 

It differs,however,in that his "nonperipheral" contributions, arising 

mainly from the direct channel background, build up the Pomeranchon 

singularity. At high energies, the Pomeranchon part is what ,survives 
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for elastic processes. In our inelastic reactions we assume that the 

nonperipheralpart is less and less important as the energy increases. 

There is no inconsistency between our view and Harari's. The idea that 

"nonperipheral" resonances are dual to lower-lying Regge singularities 

can be incorporated into Harari's scheme with no difficulty. 

The reader will have noted that we did not attribute the break-

down of EXD and other peculiarities of the two reactions to high-lying 

cuts in the j-pl~ne. Some reasons are: 

(1) The hint from Fig. 9 of the improvement of EXD at higher energies 

argues against important Regge cut contributions that distinguish between 

the two reactions. 

(2) Pomeranchon-Regge pole cuts calculated in 'EXD models give effects 

opposite to what is seen experimentally. On the other hand, lower­

lying Reggeon-Reggeon cuts may contribute with the correct sign. 40 

(3) The sum rules can be viewed as giving the behavior of the 

leading effective Regge singularities whatever they are. 

(4) Within a sum-rule calculation of the sort necessary here, nothing 

can be inferred about the specific nature of the j-plane singularities. 
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IV. SUMMARY 

Using FESR's for the reactions K n ~ rr A and + + rr n ~ K A we 

determine the effective "pole" parameters of the *** K and K Regge 

trajectories from a knowledge of the low-energy resonances and their 

couplings. The resonance parameters and the D/(D + F) ratio for the 

1+ 
2' baryon octet are varied somewhat to test the sensitivity of the high-

+ 
energy predictions; ~ octet couplings within the range of values found 

empirically in other reactions are preferred in our solution. We find 

that the s-channel resonances in K n ~ rr A do add in such a way as to 

produce predominately real amplitudes at high energies as predicted by 

duality diagrams. We find, however, that these predictions are not 

satisfied exactly. Although the phases of both A' and B are small 

and independent of t for 
. 2 
It I < 0.5 (GeV/c) , the residues of the even 

and odd signature Regge poles are closely exchange degenerate only for 

the B amplitudes, and not for the A' amplitudes, thereby allowing 

an appreciable polarization for K n ~ rr A as is observed experimentally. 

The Regge pole parameters determined from the sum rules give a 

good fit to the reaction K-n ~rr-A over a wide range of energies, 

whereas they are unable to fit + + rr n ~K A at intermediate energies. 

Comparison of the resonance contributions to K n ~rrA and + + 
rrn~KA 

shows that "peripheral" resonances dominate the sum rules in the first 

reaction, while "nonperipheral" states are important in the second. 

By supposing that "peripheral" resonances are dual to the leading Regge 

singularities in the t channel, while f!nonperipheral" resonances are 
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dual to lower-lying singularities, we are led to a rationale of why the 

simple model of two effective Regge poles is adequate for 

even at intermediate energies, but inadequate there for + + 
rrn~Kn. 

.~ i 

, 
~ i 
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Table I. Resonance Parameters 

Spin~parities, masses, total widths, and coupling strengths of resonances 

entering the sum rules. The sign of each resonant amplitude is given by 

~;' r 4 are the partial widths for 
1,2,3, 

* -I: ~K n, * -I: ~ n: A, * + N ~ n: n, 

N * ~ K + A, respectively. The main entries for each state are the values 

actually used in the sum rules. The numbers shown in parantheses indicate 

the range found in different analyses. 

s-channel (I: *) resonances 

Name JP M(GeV) rtot(Gev) 
.1 2 

(r1r 2 )2 X10 (GeV) ~a 

L:(1670 )L 2 1.660 0.050 0·5 -1 

(1.655-1.675) (0.04-0.06) (0.28-0.66) 

-
L:(1750)~ 1·730 0.080 2.0 +1 

(1·730-1·764) (0.06-0.10) (0.9-2.5) 

L:(1765 )~ 1·765 0.100 2.72 +1 

(1.755-1. 775) (0.09-0.125) (2.0-3.12) 

+ 
L:(1915)~ 1.895 0.070 0.49 +1 

(1.885-1. 935) (0.027-0. 090) (0.27-1. 26) 

+ 
I:(1920)~ 1.920 0.170 2·38 +1 

(1. 900-2.000) (0.130-0 .250 ) (1. 43-3.56) 
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Table I. (Continued-I). 

* s-channe1 (~) resonances 

Name .r M(GeV) rtot(Gev) 

-
2:(1940)~ 1.940 0.280 3·92 +1 

(1. 890-1. 990) (0.15-0.32) (1. 2-5. 45) 

+ 
~(2030)~ 2.022 0.170 3. 4 -1 

(1. 995 -2.040) (0.100-0.195) (2.59-4.28) . 

+ 
2:(2080)~ 2.070 0.250 2.25 +1 

(2.040-2.120) (0.067-0.290) (0.87-3.48) 

u-channe1 (N*) resonances 

Name .r M(GeV) rtot(GeV) (r3r4Y~ X 10
2

(GeV) cpa 

-
N(167S)L 2 1.680 0.170 0.18 _lb 

(1.655-1.680 ) (0.105-0•175) «0.3) 

+ 
_lb N(1688)~ 1.690 0.130 0.10 

(1.680-1.692) (0.105-0.180) «0.3) 

... 
N(1700)~ 1.710 0·300 3.4 -1 

(1. 665 -1 0 765 ) (0.100-0.400) (2.0-3. 4) 
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Table I. (Continued-2). 

(N*) u-channel resonances 

Name .? M(GeV) 

+ 
N(1780)~ 1·751 0.227 1.1 +1 

(1. 640-1.860) (0.160-0.450 ) (1.1-4.0 ) 

+ 
N(1860)~ 1.863 0.296 1.48 

(1.1-3.34 ) 

-1 

a 

b 

( 1. 840 -1. 900 ) (0.220-0.450 ) 

For those resonances listed in Table 3 of Levi-Setti (Ref. 22) our 

phases ~ are uniformly of opposite sign from those determined from 

Levi-Setti's SU(3) sign of the resonant amplitude times the phase 

of the SU(2) Clebsch-Gordan coefficient (using his stated conven-

tion of the ordering of the baryon and meson). This overall sign 

difference is obviously of no consequence; it arises from different 

choices of signs for the isospin states for :rr+ relative to 

K relative to K+ more appropriate in s-u crossing. 

11 

The N(1675) and N(1688) couple very weakly, if at all, to the 

K+A channel. Their presence has little effect on the high-energy 

differential cross section at small t, but the indicated small 

amounts improve the behavior at It I > 0.5 (GeV/c)2. 

and 

~ i , 

I 

I 
" j 

I 
.• I 
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Table II. Widths for the decay of a baryon a of mass M and spin-
1+ 

1 
2 

L 
2 

parity JP into a '2 baryon b of mass m and a 0 meson of mass 

~, and the Lagrangians used in calculating the widths. (The symbols 

P and E are the c.m. momentum and energy, respectively, of the 

final baryon.) 

Langrangian Width r 

2/ -1 3 (g 4n )[M(E + m)] p 

¢t(x) + h.c. 2/ 2_2 2 . 2 3 (g 24n~ ML)[(M + m) - ~ ]p 

2 2 . 1 5 
(g /12n~ )[M(E + m)]- P 
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Table III. Pole term contributions to Im A, Im B, 1m A, and Im B. 

JP 

1+ 
-
2 

+ 
3 
2" 

JP 

1+ 

2" 

1 
2" 

Im A(v,t) 

Im B(v,t) = 

Im A(v,t) = 

Im B(v,t) = 

Im i(v,t) 

Im B(v,t) 

Im i(v,t) 

s channel 

-rr(gNiQ-:.* gL:*An/4m) (2ML:* - m - m' ) 5(v- vL:*) 

n (gN'Kl:* gL:*Arr/2m) 5( v - vL:*) 

n(gNRE* gE*A"/6~"'){3[ME* + ~(m + m')lpsp~ cos Qs 

+ [ME* - ~(m + m' ) l(Es + m)(E~ + m' 16( v - vE*) 

n(gNKi* gL:*An/6~~') 

X {3PsP~ cos Q - (E + in)(E' + ro')} a( v - vE*) s s s 

u channel 

-n(gNnN* gN*AK/4m)(2MN* - m - m') 5( v - ;7N*) 

-n (gNnN* gN*AK/2m) 5( v - ~*) 



-45- UCRL-20287 

Table III (Continued) . 

11 channel 

i 1m A(v,t) = "(~"N* ~*AEi6~"')~[-MN* + ~(m + m')lpup~ cos Qu 

1· ~ 
- [~* + "2(m + m')J(Eu - m)(E~ - m')J B(v - vN*) 

1m ii( v , t ) = "(gNrrN* gN*AK/6~"' )~Pup~ cos Qu 

- (Eu - m)(E~ - m' ~ 6(v- vN.) 



Name 

s channel 

u channel 

+ 
N(1470)~ 

N(1518)~­

N(1550)~-

, ' 
i 
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Table IV. Poles lying below threshold. 

Mass (l.~eV) SU(3) Multiplet D/(D + F) Reference 

1197 octet 0.6 canonical value 

decuplet 

938 octet 0.6 canonical value 

octet 0.6 a 

1520 octet Levi-Setti (ref. 22) 

1535 octet Levi-Setti (ref. 22) 

a We estimated this from the decays N(1470) ~Nn and N(1470) ~N~. 

'.. i 
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FtGURE CAPTIONS 

Fig. 1. Duality diagrams for K n ~n A: (a) Nonplanar s-t duality 

diagram; (b) and (c), planar s-u and u-t diagrams; (d) 

t-channel Regge exchanges. 

Fig. 2. Diagrams defining the kinematic variables for K n ~ rr A and 

+ + rr n ~ K A. 

Fig. 3. Complex v plane showing schematically the locations of poles, 

unitarity cuts, and the physical regions for K-n ~ n-A and 

the crossed reaction, + + rr n ~ K A. 

Fig. 4. SU(3) coupling constants for the pseudoscalar meson-baryon-
1+ ' 

baryon vertices of the 2' baryon octet as a function of 

D/(D + F). The nNN coupling constant is defined by 

2 0 
g 14n = 14.6, corresponding to g[p ~ rr PJ = 13.55. The points 

with "errors" indicate ranges of the indicated coupling constants 

found by Kim (K), Ref. 21, Zovko (Z), Ref. 20, and Chan and 

Meiere (C+M), Ref. 23. The arrow indicates the canonical 

theoretical value of D/(D + F) = 0.6; the dashed line 

at 0.675 is our preferred value. 

Fig. 5. Effects of variation of coupling constants on the high-energy 

-differential cross section for K n ~rr A. The data shown are 
/ 

4 
those of Yen et ale at 4.5 GeV/c. The upper curves (ordinate 

scale on the right) show the effects of varying the D/(D + F) 

ratio for the N(938) and r:(1197) pole terms. The numbers 

beside the curves are the values of D/(D + F). The lower 

curves (ordinate scale,on the left) show the effects of 

different r:-(1385) ~ K-n couplings, with D/(D + F) = 0.675 
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for N and ~ poles and the other resonance parameters fixed 

from experiment. The numbers beside the curves are values of 

Fig. 6. Comparison of calculated and experimental differential cross 

Fig. 7. Comparison of calculated and experimental A polarization for 

K-n ~ n A. Solid squares are the data of Yen et al. 4 at 4.5 

GeV/c. Crosses are the data of Bartoulaud et al. 3 at 3.0 

GeV/c. The solid (dashed) curve is for K-n ~ n-A + +. 
(n n ~ K A) 

and is essentially energy-independent. 

Fig. 8. Predictions of the A and R parameters for K n ~ n - A at 

Fig. 9. 

4.5 GeV/c (solid curve) and 9 GeV/c (dashed curve). 

dO' 
Slope parameters of dt versus s. Same as Fig. 7 of Lai 

and Louie,5 but with the SLAC results28 (solid triangles) and 

our calculated slope for K n ~ n A (dashed curve) added. 

References for the remaining data are found in Table 3 of 

Ref. 5. 

Fig. 10. Regge residues ai(t), b±(t) of the t,-channel nonflip and 

flip amplitudes, respectively, as functions of t. The zeros 

of + 
a. and b define the vanishings of the trajectories 

-and ex, as indicated by the vertical dashed lines. Exact 

exchange degeneracy implies + a .= -a , b + = -b -. 

Fig. 11. Phases of the high-energy amplitudes AI and B for 

K-n ~ n -A, and AI and B for + + n n ~K A as functions of 

+ ex 

t. Duality diagrams predict zero phase for AI and B, and 
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a phase -ina(t) for A' and B. The dashed line gives the 
.... 

average phase, in ~/ (t) + a" (t)) /2, for comparison • 

Fig. 12. Distribution in t of zeros in the contributions from 

individual resonances to the sum rules for v 1m A'(+) and 

v 1m B (-). The number beside each symbol is the mass of the 

resonance. The arrows on the right indicate the zeros in the 

IJIS of the '(+) 
A sum rule (a) and the B 

(-) 
sum rule (b). 

The contributions to the 
, (+) 

A sum rule from the * N (1780), 

.* * N (1860), and ~ (1920), with zeros near t = -0.5, are 

relatively unimportant. 

* Fig. 13. Exchange degeneracy of low-energy ~ resonances. Upper 

half shows ~a' ~~, ~5' ~y baryon states on two, rather than 

four, trajectories. Lower spin states are indicated with open 

circles. Lower half of the figure shows contributions to 

1m B sum rule at t 2 
m *. The contributions along each 

K 
trajectory are seen to vary smoothly, apart from the EXD 

alternation in sign. The interval indicated by arrows is 

the range covered in the analysis of Ferro-Luzzi et al. 33 

Fig. 14. ,Comparison of polarization at 3.9 GeV/c. Solid and dashed 

curves are the results of our calculation for K-n -7:rr - fI. 

+ + t· 1 and :rr n -7K fl., respec 1ve y. At small I t I, the observed 

polarizations have the same sign, contrary to our predictions 

or those of any model involving only one Regge pole of each 

signature. 
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