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EVIDENCE ON DUALITY AND EXCHANGE DEGENERACY FROM FINITE

- - - ' ¥*
. ENERGY SUM RULES: Kn —n A AND n'n —K'A

R. D. Field, Jr.,and J. D. Jackson
_Depdrtment.of Physics and Lawrence Radiation Laboratory

‘University of California, Berkeley, California 9h720

" March 11, 1971

ABSTRACT
Using FESR's for the reactions K n - x A and n S KA we
determiné the effectivev"pole" parémeters of the K. and K**- Regge
trajectdrieé from a knowlédge of the 1oﬁ-energy're§onancés and their

couplingsj The ‘resonance parametérs and the D/(D + F) ratio for the

% 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 preférredvin our solufion.- We
find thﬁt the s-channel resonances in .K-n -1 A do add in such a way
as to produce predominately real amplitudés at high energies'as pre-
dicted by duality diagrams. We find, however, that these predictions
are notﬂéatisfied exactly. Although the phases of both A' and B are
small andyindependeﬁt of t for 1t] < 0.5 (GeV/c)2, the residues of
the even and odd signature Regge poles are cloéely exchange degenerate
only fo?_the B amplitudes,. and not for the A' aﬁplitudes, thereby
alldwing an appreciable polarization for Kn — n A as is.observed

experimentally.

* : . ’ .
This work waS‘supported_in'part by the U.S. Atomic Energy Commission.
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The Régge pole parameters detefmined from the sum rﬁles give a
good fitvto the reaction K n - x A over a wide range of energies;
whereas they are unable to fit n+n —aKfA at intermediate energieé.
Comparison of the resonance contributions to K n - x A and n+n —9K+A
shows that '"peripheral" resonances dominate the sum rules in the first ‘
reaction,»while "nonperipheralﬁ states are important in the second. By
supposing that "peripheral"‘resonances are dual fovthé 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 pqles is adequaté for Kn -z A

even at intermediate energies, but inadequate there for ﬂ+n —>K+A.
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I. INTRODUCTION

The‘duality diagrams introduced by Hararil and Rosner2 conven-
iéhtly.illustfate the ramifications'of duality and the absence of quérk—
model "eiéfiﬁ" states. Processes with planar'duality diagrams supposedly
have high;énergy amplitudes with imaginary parts and’t;dependent phases,
whereas reactions with nonplanar diagréms 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

. _oa+ . :
amplitude (A') of (0, L ) scattering, and requires purely f-coupling

2
of the vector mesons, and purely d-coupling of the tensor mesons to the
pseudoséalar mesons . Harari, on the other hand, conjectures that

whenever a diagram is nonplanar ail the corresponding helicity ampli--

tudes‘should be purely real at high energies. Thﬁs Harari predicts

that whéne#er the duality diagram for a reaction ié—nonplanar the pol-

arizatibh $hould venish at high energy. One such process is K n - x A,
whosé thfée duality diagrams are shown in Fig, 1. Although the quantum
numBers élldw resonances in ali three channels, the s-t diagram,
relevant for near-forward‘scattering at.high s, 1is nonplana;. Following
Harari's conjecture that both the nonflip (A') and flip (B) ampli-
fudeé are real, we should expect no highfenergy polarization. However,
experimeﬁfs at 3.0 and 4.5 GeV/c show a largé positive polarization

for 0 < |t| <15 GeV/c.B’LL In an effort to'understand the origins

of this apparent failure of duality diagrams and also the'breakiné

of ekchange degeneracy (EXD) for the reaction K n — s A and its

line-reversed partner n+n —9K+A, already emphasized by ILai and

Louie,5'wéfpresent here a finite-energy sum rule (FESR) analysis of
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these inelastic processes. Independent of these specific motives, we
wish to eiucidate thé properties of hypercharge exchange in the t channel.
and>to test thevusefulness of FESR for inelastic reactions. -

It is.Well known ﬁhat the FESR are unable to distinguish among
the varioﬁs_high-energy models. Hence one must know or assume what the
model ‘is at high énergies. 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. 1d), the K*(890)
with negétive signature'aﬁd the K**(lh20) with positive signature. |

!

' are to be understood as effective poles into which the

The Regge "poles'
effects of brénch cuts haﬁe been absorbed. We use the FESR.to determine
the résidues of the two Regge poles and hence determine the high-energy
behavior of the amplitudes A' and B. This leads to predictions of
the différéntial cross’ section and polarization at high energy for the
feaction Kn - x A and the "line-reversed" reaction = 'n — K n.

We start in Sec. II by giving a detailed discussion of use of
FESR in:the inelastic reéction K n -5 A. We define and discuss the
use of signafured amplitudeé and the necessity of daughter trajeétories.
We also present a discussioq of the narrow resonance approximation and
questions concerning the resonances or poies below thfeshéld and arbi-
trarinessvin their parameters. In Sec. III we exhibit and discuss the
FESR results for the high-energy observables of K n — x A, the status
of EXD for .the K* and K** exchanges and the associated reality of
the aﬁplitﬁdes for K n - x A, the EXD of the direct-channel Y = O,

I =1 ¥ 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 andkFig. 5 and proceed to Sec. IV.
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II} APPLICATION OF FESR TO THE REACTION X n =5 A
'“A. Sum Rule Formalism, Crossing versus Signature,
High-Energy Observables
We;employ integer momént'finite-energy sum rules (FESR) of the
standard form,
vy r :
- E + T .
dv vn Im.F(_)(v,t) = dv vn Im Fg
0 0

igﬁ(v,t), (I1.1)
where F(i)(v3t) is an appropriate reaction amplitude whose asymptotic
form Fisgm(v,t) is assumed to represent #he amplitude for |y]| > vy -
The—intégef:‘n is even (o0dd) for amplitudes that are odd (even) under
Vo mv.

'Ihe_notation for the kinematics of the reaction, K n — g A,
and the crossed reaction, n'n —»K'A, is shown in Fig. 2. The
amplitudes to be used in the FESR (II.l) are constructed frém the

invariant amplitudes A and B whigh enter the Feynman!amplitude

for the two reactidns

v-(a + ') B(syt,u)}u_(p),

Mp'sa's psa)

POy -

ﬁA(p’){—A(s,t,u) +

noj -

M@ T5 2.3 = T, (E(w,t,8) + & 1(T +3) Blu,5,8) 10, (o).
Note that A and B correspond to the process Kn —aan, and A and

B to n+n —>K+A, and also that q' = -q, q = -q'. The scale of 771,
is defined by the differential cross section formula, '

~do 1 2
x-—5m
dt 6hnsp2 ’
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where .p 1is 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 6”?,
* 1 1] N 1 ]
P (p,-a'; p',-a) = MUAp',a';5 p,a),
we see that -

A(S,t:_u).’

o
—
o
C e
ct
-
7]
~
1

-B(s,t,u).

t
—
=

-
ct

-
n

~
!

In terms of the variables, v = EHé_E and t, and with the real

analytic property of A and B, the crossing conditions are

A(v + ie,t) = A(-v - ie,t), | (IT.22)

OBy +ie,t) = B(-v - iet). | - (11.20)

In the foilbwing we drop the ie¢ with the understanding that the
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,
i . ’. 2 ' | |
f++t_(v’t) (m +m)” A (Z’i) E
- [t = (m+ m')"]2
' 1
£, P(v,t) = [8(v,t)12 B(v,t)

[t - (m + m')g]% ’
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where @(v,t) = Ut Pt2 qt2 sin2 6, 1is the Kibble function. The

t

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

A (v,t) = [1 - km +t;735] A(v,t) + - Emm' vB(v,t)
. ¢ ! 2
- g E m)(“,22_ = )_B(v,t).
m+m')
Similarly -
.z'(V:t.) ‘= [l _ (m +tm')2] K(V,t) . ﬁy.v‘g(v‘,t)

(m' - m)(u 2 - y°) B(v,t).
(m +m")

- L
2

For forward’elastic scattering the above equation for A' reduces to
A' = A + yB, which is the same amplitude defined by Singh.7 The crossing

behavior of A' 1is easily seen to be
A'(v,t) = A'(-v,t). | | - (11.3)

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

obvious way:

LETRY

LA (vyt) £ A (=v,8)] = 2[4 (v,8) £ K (vyt)],  (II.ha)

S(B(v,t) ¥ B(-v,t)] = 3[B(v,t) + B(v,t)], (11.4)

| B(.i—)(vv)t)

where the final expressions result from use of the crossing relations

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

)



e

il _ B ~ UCRL-20287

In using finite-energy sum rules it is customary to assume that
at high enefgies S the amplitudes are dominated by certain Regge

trajectories (or at least effective Regge tfajectories) of definite

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

even or odd_signature are also even or odd under v - -y, but for

inelaétic processes this is not true in general. Amplitudes K’(i)

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

follows: |
A

A a,t) = Ha(zt) £ 4 (wz,0)]

Z (23 + 1) A'(t)(J,t)[PJ(zt) + PJ(—zt)] ,

B(* )<z 8y

LB(z,,t) T B(-z,t)] S

% Z (27 +1) —(‘—Tﬁlr [Py(zy) * Pi(-2,)],

[J(g +1)]2

and are even or odd under Zy = =2y The connection between zt and

the kinematic variables,
I L l,'2 2y, 2 2
hptptzt = L].mv + -t_(“ - K )(m - m )’

shows that =z

t

—>-Zt ‘is the same as v — -y for processes in which

t

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

inelastic process. This complication for arbitrary masses‘isvjust one
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vaspect of the'probléms encountered in describing such processes in tefms
of Regge exchanges. It is well known fhat Freedman and Wang8 assured
power-law béhavior at all‘ t wvalues and Mandelséam.analytiéity near

= 0 by the introduction 6f daﬁghter trajectqries. The Baéic Regge

pole contribﬁtions to the signatured amplitudes are

O I ORI EISIC P () 81, (11.58)

O ORI PRI P (e) £4a), (11.50)

where gi(a) is the usual signature factor
t (@) = <ﬁ.+e )/Csnlﬂﬂtb.

With the introduction of daughter trajectories the Legendre function

Ra(zt) ig replaced, to leading order~in v, as follows:

P (z;) rla+3) <2mv )a
P Z, - g b
o ¢ (x)? rla + 1) PePt

b (2) '_; ar(a Jré) (ptpt> .
. ()2 (o + 1) ptpt

The high-energy behavior of A () and B( ) then becomes

| aéy%(z t) = _a_(t)<:—o> £ (o), o | | (II.6a).
' ot L, | S :
ésg,m(z )  = bi(’ﬁ)(%g) (), SR - (11.60)
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where
‘ +-" : (n)2 F(a + — 2mv +) .
8 (t) = ' > (t)y, ~ (1I.6c)
- ra* + 1) pt t, _
: o '(:rr)§ Ol'i(t) I‘(Oti + -3-) P.p! ‘42mv '
T * m DD, ’
o T'(a + 1) +Py
' ' (11.64)
Sg - ; .
and o E_' S is a scale factor. We see that the net result of incor-

porating daughters is to make the dominant contribution to the s1gnatured
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,

A (%) (%) '
asym(V:t) = Aasym(vyt)’ : (II.?&)
(%) ENEY ” | i
: asy.m(vat) = asym(vyt) ‘ (II_°7b)
| () 2(2) |
When the a.bove expressions for A ym and Bas_vm (_II,.6a,b) and
(II-.7a,b.) “are used, the sum rules for A (¥) and vB(*) are

R N ¢ BT
= = a (t) (——]1> , , (11.8a)
vo/ T | - .

[a+(t) +2n + 2]
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'LHSQ\'('),@ <JL/( 2““))[ nrna (5)et) ay

a (t) _ |
£ .
la~ (t? E %n + l] (: :) (T1.80)

.Vl .
(?/<V12ni>_/’ A 30,0 a
o .
= b+(t) < ) (11.8c)
[a"(t) + 2n] R
vl. _
<l/(v§n+l)>j' v 50 (v,8) av
\ 0 -

, '_ o1 (t)
b (t) ( ) - (11.84)
fa (t) + 2n + 1]

LHS 63(+.),r.1>

LHS(B('),n

where n ;-0,1,2,"~ and v, = ul(t) = vl(O) + Eﬁ’ and where
. ] [ ) ‘ . —
ma ,0) = Lima,t) : k0],

Im B(f)(v,t) [Im B(v,t) + Im B(v,t)]

el i

In principle we evaluate the LHS of the FESR's from knowledge of the
low-energy data (v < vl) and calculate the parameters of the leading

Regge poles of definite signature, ai(t), bt(t),' and ai(t)t'from ‘
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+, on 1Es(3(*) 0 - {2n + 2) LHS(B( ) n o+ 1)

ot LHSCB(+ ,n o+ 1) ras (s ) o (anee)

]

oz_"(t)» (en + 1) ts(3),n) - (2n 4+ 3) LHS@'(;)’ == i),(H-9b)
LHSQB(-T’ n + l>. - LHS@(_);‘YD X

and

a'(t)

]

‘ ) , -Ct+(t) . |
[a'(t) + 2n + 2] LHS’(A'(’“),'n)( v—l> » (11.9¢)
0 / ,
| L.\ (t) |
Ca (t) = [a7(t) +2n + 1] LHs@'('),n>< ;l > , o (11.94)
: : _ 0 - 3

o -at (%) ' |
_p+(t) = [a'(%) + on] LHS@(J’),n)( ) (II.9e)

| b'(:_t)‘

]

. L.\ (%) :
[a™(t) +2n + 17 LHS(B('),-n)<—l ) . (I1.9f)
. v -_VO

The high" energy amplitudes for Kn — A and rn —>K+A are then
determined from (II.ka ,b) using the asymptotic expressions for A 'z )(v t)

and B( )(v,t) (I1.6a,b):

A (v_,t)' |

: _ t}aréé {_a+(t) co;@)(_\é__)a%t)
SR (v,t) : e 0 .

| +a (t) tan(“a (t)>< )Ol (t)} . v _
| '_._ . 1[& (t)(——- @’ (¢) ia (ﬁ (—)a (t)} | ,. | (II’.ioa)' |
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T~/ _£+(£) COt(%9£KE;)<T%E:ja+(t)

‘ v large |
+ 07 (%) tan@_;_@_g(_z_y'(t)
T )
. ’_ + v a+(t) S o (t) .
+ ilb (t)<75> £ 17(%) (E) L (traoe)

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

then A' and B are purely real if a (t) = -a (t) and b'(t) = -b™(t),
respectively. We refer to thissituation as strong EXD.
One can easily éxpfess the differential cross section and

polarization in terms of A' and B as follows:

g-% (Kn > A)

1 NJ@ o) ,0)]% 5 g6,0) B, 8)]2
Elnmp] (m+m)° -t

(11.11a)

. . . |
2[@#(v,t)]° (m +m' )" ImA B . (IT.11b)

P(Kn - A) ; -
T T me ) WP e g bl

.Similar.éxyressions.fof '%% (x'n 5kA) and P(x'n —yK+A) are obtained
by making the suﬁstitution A' 5&' and B —>B in the abovevformulés..
Substitﬁting“the high-energy expressions for A' and VB into the _
formuia for the polarization and assuming weak EXD <é+(t) =a (t) = a(t))

yields
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. * P(Kn - A) - 2(m + ' )2la" (et (t) - (t)b‘(t)]mnga(t)(lmﬁl_)

X i@ ;;n ) [<a (5% + a7(5)") +(&(5)? - a7(6)?) cos (a(t))

2 [ - G v e

1
which is energy independent at large v <;ince (g)2 ~'Y>. Thus,

if the residues happen to be in the ratio

1

i::w' ~ 3:@ | ) - (I1.12)

ca (t) b (t) ' -
the cohtributions from thettwo terms in the numerator reinforce and the
polarizatioh becomes lafge, eveh if weak EXD is assumed.

B.. Evaluation of the Suvaules; Resonanee Parameters;
and Poles Below:Threshold

There are two major diffieuities in attempting a FESR calcqla-‘
tion of the high-energy amplitudes. The first is that there exist size-
able unphysical regions in both chanhels with a number of pelee and
resonant states whosevcontributions to the FESR are not experimentally
accessible. It will therefore be.necessary to use SU(3) stimates of
the coupllngs into those channels for whlch the resonance is below
threshold. The second dlfflculty is that even above threshold there is
no detalled phase-shlft information from which to calculate the 1mag1nar&
parts--all that exist are the parameters of -various postulated resonant
states whose very existences;‘let alone couplings, ‘are ofteh 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 rulés and means that we will
obtain relatively ‘poor information about the effectivé‘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

1
| oMy rp)”
T = )
res 2

M° - s - iM T
S S

where Ms is the mass of the resonance, I its total width, Fl and

' * - * -
Iy the partial widths X —=Kn and X - A, respectively, and -

® the relative sign of the resonant amplitude. Similarly for a
u-channel fesdnance we have

1
QhMﬁ(FBPh)z

res 2 - . ’
v Mu -u - 1Mu1“

3|

where I‘5 and Fh are. the partial widths N¥ —>n+n and N ~>K+A,

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

.' l"
2
T Ms ®s(FlF2)

'im.Trés(V’t)_ = 2m S(V - Vres)’
: | w0 ()7
W, 0,0 = el sl - Y,
where
Msg - %(mg +m 2+ pg + u' - t)
v = —

res 2m
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and
o2 1,2 2 2 ' '
_ M- Sm™ +m "+ "+ u " - t)
vres . 2m

The relatiohship between Im A and Im B and Im Tres‘ follows from

m A8 = k() ()[()2 + T Im £ (v, )
- ce)(e)? - W I 0)),
1 B(v,8) = K(e)(€((s) In £,(v,8) + cC(s) Im £,(u,)),
where
: 1 - 1, ,
| K(é) = “2(8)% C(f)(s) C(_)(S) , end M = E(m +m'),  and
whefe. '
, C(f)(si) = —1 [(B, +m)(E} + m')]%,
2 8x(s)? S
Im fl(v,t) = Z [Im £ v+<(s)%)Pk+l(cos es)
4 pard »z -
;. Im fz_<zs)%>‘Pk_i(cos GS)],
;Im fz(v,t) = Z;)[Im fz_<(s)§)v' _ Im fz_'_((s)?‘]‘P.k(cc.Js QS)-,-

' Keeping-track of the normalization,one finds
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Imf (v,8) = —F—sInT__.
I 113 res
S (pp2)

Similar expressions for Im A and Im3B in terms of Im Eres ‘are
. ) . ] * . . 3 1 [
obtalned bylsubstltqtlng_ s - u, qo; QS — Ccos Gu, ES —aEu, ES —aEu

in the above expressions and using

Inm f (v,t) = —t T .
R (ppg)? 0

_ _ wu
. We use the ‘Y'=»O s-channel resonanceé (s*'s) to.form the amplitudes
Im A and _im B and the Y =1 u;channel resonances (N¥*'s) to form
the amplitudés ImA and Im §, leading eventually to the representatioﬂ
of the Lﬁs of>theisum fﬁles (II.S) as sumé-over the -s- and ﬁ;channel
poles. 1In Table I we list the parameters of the resonant amplifudes'forv'
the s- and u-éhannel sta£es considered in this study. Theré are a
number ofv;ndependent analyses of both X n ;;H'A9‘lh ana ﬂ+n.—9K+A,l5fl7
yielding.somewhat different»paraﬁetrizations and even different numbers
of resonanceé; The.ranges 6f pafameters found‘in these analyses, and
also frd@ the compilation 6f the Particle Data Group,l8 are éhown in
Table.I in addition to thé values.used by us. As pointéd‘out by
Galtieri;9 théré is agfeement among the various analyses bfV‘K-n - A
only for the threé résonénces 2(1765)%_, 2(1915)%+;1 and 2(205O)g+f
The remaiﬁiné five - Z étates in Table i are controversial. Tests were
made of the sensitivity of the sum rules to ouf particular choiqe of

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

nance parameters are used, the effects are in general not marked. From.

<
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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

Z(l9h0)% state if all the resonance parameters of Table I (our

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

and.Gaitieri;9 is impoftant enough that its presence or absence has a
signifieantleffect en-the ﬁighéenergy observables.' when the present
work was begﬁn‘this state was suffieiently doubtful that we feit Jjus--
tified in'omitting it'from the anaiysis. All the curves given below

are calculated with the parameters of Table I, exeept for the omission
of the 2(l9h0)%— . Dﬁring the preparation of this paper we ha&e become
peTSuaded that this fesoﬁance is at least as feal as some of the ethers

R ot o ‘ o v
[e.g., 2(2080)2 1, and have therefore re-examined its inclusion. We

: _are able to obtaln almost the samé Regge parameters and fit at hlgh

energles w1th modest changes of the parameters of some of the other

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

of Galt1er19). At the approprlate place below we indicate the small

changesythat occurbin the Regge parameters for this revision of the low-

energy sums..

There'are.six "pole" terms_that lie below threshold; the
N(938)'+’ N(1h7o)2+, N(1518) and }‘ N(1550)%— 'in the u ehapnel;
asd'the (1197)2 and 2(1385)5 in the s channel. We:use'the
Lagfangians 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, .

usiﬁg”the folloﬁinglvalues for the widths:
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riv (a470) »«%] = Lo Mev, o . o -
+ .0

r{N"(1518) - n p] = 20 MeV, .

rIN*(1550) - xp] = 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.18 Whenfwe use - the formulas of

Table II_the coupling constants in the effective Lagrangians are found

to be.
g[N"(1270) ;anop] - k.5,

(1/n) .g'[(N+‘(-l518.)_~enO‘p] - 10.8,

'g[;\l.+,-(155o).-+nop] = 0.k

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 cqﬁstants,

_:g['Nf(lhm) Skl = b6,

(l/u,).'g[N+(l5ié) KAl = -11.6, .
’ g[ﬁ+(1550) SKAl = 0.2 . '. - o "._' o .
‘Similarly, using

S r[‘z-"(l}'_85)‘ Al = 32& MeV
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aﬁd_Table IT we obtain
(1/u) -g[lzv"_\(1585) s> Al = 9.1,

With exact .sﬁ(s) for the decuplet the £ (1385) »Kn coupling s
'<1/p>‘é[>:"<,1585>_-»1<';11 G LCRIN e

If we had begun instead with the width of 120 MeV for the A(1238),
these values of 9.1 and -7.4 would have been lO.9Iand -8.9, respectively.

This givés>some-indication of the magnifude of the symmetry bfeaking

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

2

5 (1385) - K'n coupling consfant are equivalent in our notation to
-8.3 [éxa¢£ su(3), o(1238) width] and -7.k4 [bréken su(3)].
It happens‘thét our first estimate 1s numerically the same as Warnoék
andvFrYe‘s préferréd value. |

The rélevant N and - & coupling constants are shown in Fig. L .
as a fﬁﬁctibn of D/(D + F), assuming exact SU(3) symmetry and
g[p —>nOp] = 13.55. The early empirical determinations of Zovko20 and
Kim,2l showhvin the figﬁre, indicate that D/(D + F) is in the range

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

of the . ZﬁN, and AKN couplings have been made.' As can be'seen from

2 the AKN  values cluster_arduﬁd either Kim's
or Zovko‘svvalue, with no élear*preference indicated. The square of
the SKN. 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

g[zor—iﬂpA] of Chan and Meiere_.‘25 Our calculation involves the
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products’ g[s - Knl als0 5541 for the £(1197)  pole and
elp _mop]* glp - K'A] for the N(938) pole. |
C. Sensitivity to thevCouplingé of the Pole Ter@s
It is painfully obviéﬁs that there is.tremendous latitude in the
specific.choice of»couplihg constaﬂts for.fhe statesvbelov}thres»holdf
Some stateé, such as the N(lh?O); N(lélS), and N(1550), are relatively
unimportaht in the sum_ruies. Variatidn of their couplings aroﬁnd the

‘ . +
values given above produces no major effects. For the L baryon octet

2
poles‘and the i(l585), however, the contributions are of sufficient :
iﬁportancévthat the results are sensifiﬁe to -the exacf valueé 6f the
couplingsl»,Numérous exploratory calculations werermade to study these
variations. Even though the exact use of the sum rulés and the assump-
tions made in determining the trajectories and residues are not described
until the hext‘éection, we illustrate in Fig. 5 fheveffect on the
differentigl Créss section atAhigh'enefgiéé. In thé upper half of the
figure”the change produced by variation of the D/(D + F) ratio of

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

2
curves are for different ratids D/(D + F) assuﬁing exact SU(3) for
ali vertices, but similar variations occur if random combinations of
Kim's and Zovko’s(valuéé are chosen. If the coupiings are forced to be
VSU(B) symmeffic,'the optimum D/(D.+‘F) ratio is in the_range;
'0.65—0.70,2h nof far from the canonicalrvalue of 0.6. The lower half
-bf Fig. 5 shows the effect of varying the coupling of. the '2(1585). The

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

and nyevfor‘the coupling to the KN channel quoted abdve, the coupling
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to the sA channel being fixed from experiment. The x(1197) and
N(938) pole contributions are fixed by D/(D + F) = 0.675. The experi-
mental cross-éections at high enérgy slightly favor the value

(1/1) g[Z-(lBBS) —»Xn] = -7.4. There is evidently some possibility of

. + .
trading off changes /in- the % octet couplings against changes in the
e .
(1385) coupling. Our choices of D/(D + F) for the L octet ana

2
couplingsvfor the 5$(1385) are certainly in the comfortable range of'

'expected yalues, but are in noﬁway 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 té a bad fit to the high-
energy observables for K-n -5 A. The 5(1%385) couplings are less

crucial, but cannot be varied by more than 20% without serious diffigulty{
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IiI. RESULTS
A.'bTrajectories, High-Energy Cross Sections, Polarization

Asbis perhéps apparent from the preceding section, the uncer-
tainties of the couplings and the necessity of making a narrow resonance
apbroximation precludes. the use of anything but the lowest moment
(n ='O) .sum=rules. We are thus unaﬁle to calculate the ﬁegge trajectories
ai(t) frﬁm the formulas (II. 9a,b). We assume that the trajectories
have unitvslo?e (1 GeV-e) and determine the intercepts in the folldwing
way. The eVén—éignatured residues  a+(t) and b'(t) must vanish at ,
the-rigthSignatufe point, a+(£) = O, in order that the real parts of
the amplitudes not be singular in the physical region. From (II. 9e)
it can be seen that the n = 0 sum rule for b+(t) autématically
satisfieé.fhis requirement. For a+(t), however, (II. 9c) shows‘that
we must define a+(t) =0 at the.t value where LHS(é'(+),q> = O.25
The trajectdry af(t) is thereby determined. >For the odd-signatured
aﬁplitudes wé appeal to the presence of a sense-nonsense factor of
a'(t) in the>résidue b (t). From (Ii. 9f) it is seen that o (t) ; 0
is thén defined as the t value where LHS(?(-);Q> = O. The question of
whether _5'(t) has additional factors of « (t) is left open, to be
answered by the sum.rules themselves. It should be rgmarked that the
vanishing of LHS(é(-),q> can be attributed to interference betweén
Regge pole and Regge cut amplitudés,'father than to the presence of a
factor of a-(t) in a purely Regge pole-amplitude; Because 6f our
limitation in_the sum rules to two effective Regge poleé, one for éach
signature, we caﬁnot speak to this péint.' We merely assume that the

vvanishing.of the effective residue b (t) signifies o (t) = O.
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The residues a+(t), a (t), b+(t), b (t) are calculated
from EQs. (II. 9c¢-f) - with n = O, the trajectories havihg been found
ds described above. The exact values of the residues depend on the
1 vo = So/om-

= 1 GeV and use vy (t) = v, (0) + t/bm, with v (0) slightly

26

M

upper limit in the sum rules and on the choice of

We take 80
above the highest-mass resonance included in the sum rule. The standard
value employed is vl(O) = i.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 S resonance in Table I and its contribution

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

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

This means that a+ cannot be defined és before and also that the real
part of the Regge pole amplitude has a pole in the physical region, or
else there is a >O+ partiqle of.small mass. Nevertheless, the high-
'venergy dbsér?ables are chaﬁged very little, except in the immediate
viciﬁityvof the spurious pole; Furthermore, small changes in the resonance
para@eters can bring back the two zeros in LHS(A'(+),O); Similarly,.
inclusion of the 2(2060)%- of Galtieri’ (not listed in Table I)

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

are reasonably insensitive to the detailed behavior at the upper limit

v

1 . .
As already described in Sec. IIC, the & and N polé terms

are very important in the sum rules and the .2(1385) somewhat less so.
‘ . ; \ ,

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

- the fit to- the data on the differential cfoss’section for X n —an_A,

as shown above in Fig.LS. The "best" solution [D/(D + F) = 0.675] is
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compared with the experimentalvéross sections for K-n.—an_A at 3.0,
3.9, and 4.5 GeV/c in Fig. 6. 1In Fig. 7 we show the polarization
resﬁiﬁing from our éolution and the corresponding data at 3.03 and h.5
GeV/%}trand. in Fig. 8 we display our predictions for thev A and R
parameters of_Wolfenstein27 at k.5 and 9 GeV/c. our polarizétion and
A and: R parameters arevessentially independent of énergy. In Fig. 9

bt) with

we compafe'oﬁr'prediction for the slope parameter b (%% ~ Ae
the resultsvof experiment at various momenta. These figures show that
our'solutidn is‘iﬁ good agreement with existing differential cross
sections for K n ;an_A, gives an energy variation and magnitude of b
cdnsisténﬁ with the data; including recent results from SLAc;28 and is
in agreement with the rather inaccurate data on polarization for
0 < || ,<__l.Q';

Compérison>of our solution with.the line-reversed process,
n+n —>K+A,;is deferred until after a discussion of the residues them-
selﬁes and4Questions of exchange degeneracy.

B. iResidues, Exchanée Degeneracy, Duality

The residues ai(t) and bt(t) for the "best" solution are
shown in Fig. 10. The residues a+(f) ‘and b (t) wvanish at t = -0.15
and t = 40;18, respectively, corresponding to trajectories
a+(t)1=‘0.15'+ t and o (t) = 0.18 + t. Our solution thus exhiﬁits
appfoximate Qeak EXD. The t-channel-spin—fiip residues bi(t) are seen
to satisfy the relation bI(t) ~ -b"(t) over a large range of .
v This is evidence for strong EXD for the spin-flip residues. The t-
_channel ﬁdnflip résidués at(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 forvthgﬂnonflip residﬁes.29 It is of intereét; nevertheleés, to
displﬁy the'degree of exchange degenefacy in the‘amplitudés in another
manner in order ﬁo understand better how well or how badly EXD ié
satiéfied. _From EXD arguments or duality diagrams, we ekpect the ampli-
tudes (A',B)  for K—h —an;A to be real, while the amplitudes (A',B)
for o n ;>K+A have a t-dependent phase factor, exp[#iﬁu(t)]. In

Fig. il are displayed"the phdses_éf A', B; K',_ and B as functions
of ~-t. The strikingly different t dépendehces of the phasés fdr

(A',B) and (A',B) are apparent. Furthermore, the phases of A' and
B are émallifor ft|v< 0.5, especialiy that of B. Now, a t-dependent
phase forva" of only 20 degrees and a much smaller phase for B can
plaUSiblyvbe argued as e&idence for reasonable exchange degeneracy and

a vindication of duality diagrams. Nevertheless, this relatively modest
phase difference between A' and B is responsible for the nonvanishing

30

polérization shéwn in Fig. 7. This emphasizes once again thét polariza-
tioﬁs are deiicaté quantities and.that'yes—no thebréticai predictions
about them afe 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. IIB. we noted that some ofbthévresonances in Table I v ¥
.were controvérsial, and that we had émittéd the Z(l9h0)%- state from
:the sum fules. A fit is sfill possible with this state-included,'
provided some éf ﬁhé‘widths are altéred. One fit that yields

ot = 0.1 +t, o =0.24 +t, and residues almost identical with

those of Fig. 10 has the couplings of Table I modified to
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(rlrg)% = 2.0 X 10;2, 1.2 x'lo'g, 3.6 )’10'2, fbr.the-’1765, 1940,
2030 sfates, respecti&ely. The obsérﬁables from this solution afe
élmost identical with those of Figs. 6, 7; and_8. |
Another aspgcﬁ of the residues shown in Fig; 10 is thé degrée
of'correlatién between the zeros of thé residues and the zeros of the
contriﬁutions to the vafious sum rules from the individual resonances.
It is.ﬁell'kndwn that such correlations formed the original motivatidn

for the concept of duality.”

The zeros of the Variousvcontribﬁtions
tbb Im AU‘ and Im B are shown in Fig.IlE. First consider the zero
in at(t) at t~ -0;15(Gev/c)2Q From Fig. 12 it is seen that the
important.cbntributors to a+(t) have zeros at émall t, clustered in
fact quite closely around t = -0.15. The ohly important exceptions
appear to Be the =£(1197) and N(938). Thebsum rule for a+(t) |
in&olvés .Im[vA'(+)j’:thevef,.énd the valués of v for the 2(1197)
and N(9§8)> aré S0 small thét their éontfibutions are unimportaﬁt over
the whdié raﬁgé of |t| < 0.5, Within the framework of two effective
Regge poles at high energy it is gratifying that:fdr thevéven-signatured
ampiitudé the'resbnanées individualiy give zeros where a+(t) = 0 and
a+(t) = O. The avoidance of a "ghost pole" at negative t is appérently
sufficiently.impértant not to be left to chance canceliations in the
sum'rulé; _ | o |

‘For _a_(t) the.sum_ruié iﬁyolves Im[Af(f)]. The £(1197) ”aﬁd
the: N(938) contributions are no longer suppréséed.'<This is one ofv‘v
. the major reasons fér the difference between a'(t) ahd' -a (t) seen in

Fig. 10. From Fig. 12 it is evident that the zero in b (t) at

&
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It

v-O.lS (GeV/é)g ié not produced by a zero from each resonance,
bu£.rétherrby ; cumulatiVe canéellaﬁion in the'sum rule. Such béhavior
ié in- contrast with that found originally by Dolen, Horn, and Schmid51
for the pA Regge pole in xN elastic scattering. The present mechaniém'
for genérating a zero in b-(t) arises because of the alternations iﬁ
sign caused by fhe apprbximate EXD of the s-channel resonaﬁées; as
-disduésed immediately below.

| Thg discussion thus far has concerned EXD or laék of it for the
,K* and K** trajectories and residues. The same duality diagrams of
Fig. 1 that predict EXD for the K and K = also show that the
s-channel rgsonances‘are generated only by u-channel exchanges. This
impiiés‘that the piedominant Z* resonances which enter our sum rules
should also iie on trajectories occurfing in EXD pairs and have residues
equal:in_magnitude, but opposite in sign. A test of this hypothesis.is
shown in Fig; 15,YWhere the relevant baryon trajectories are dispiayéd,
.as'well as the contributions to the sum rule for Im B at t ; m'*?.Bz
The dominant ’Z* résonances do seem to Bé roughly EXD, lying clogely
on two trajectories rather than four. The contributions from successive
resonances on a single EXD pair of trajectories alternate in sign, and
the absoiute values have a smooth variation wi£h mass. The cancéllation
of's-channellimaginary pafts shown in fig. 13 was previously tested:by
"Férrd—Luzzi et 31;35 with experimental data on the'amplitudés for:the
vvmasé inférval 2.25 GeV2 <s < 3;61,GeV2. .This analysis argued againsf v
semi-local duality in the sense of cancellations, but as is indicated |

on Fig; 15,'thé mass interval is such that only one important resonance

froﬁ each-pair of trajectories éontributes. It happens that -these  two _
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resonances do not cancel; thelbancellation comes.from successive members
of each EXD Sequence. The N*' states in the u channel are not expected
to be'exchange—degeﬁerate in their cdﬁpiings, and they do not seém»to
be so. |

To conclude this discussion of residues and couplings we comment
briefly on the "sense-choosing" and "ghost-killing" mechanismsiu for the
K* and K** Regge poles, or more precisely,'én the type of zeros
occurring in the residues of the effective poles. Frovaig. 10 it can.be
seen that fhe K** appears to chooée the Gell-Mann mechanism with a.
dynamical iero.iﬁ.the’ A’(+) residue at larger |[t|, while the K
‘chooses sense. The behavior of the even-signature résidue is similar
to that reported for the P' and A2 trajectories, although there-is
still some argument about the latter. Arguments on SU(3) grounds
would tend tp favor similar mechanisms for P', AE’ and K**, and
similarly for the K* and p.

C. Troubles: n+n -aK+A

Wé'haﬁe thus far discussed only the succésses of our sum rule
calculation.  We must now illustrate some of its glaring failures. Our
solution éxhibits approximate weak EXD [a+(t)_xaaf(t)]. Independent

of the residues we thus predict

QE _ 4o
at

at

and

i
o
]

o




-29- UCRL-20287

. - - . . . + +
for the reaction Kn - x A and its line-reversed reaction x n — K A.

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

: do is a roxiﬁatel twice as st a
Py ab 3T 499) ely tw s steep as
do

the slope of I and the integrated cross section o is considerably

~ 4.0 GeV/c the slope of

—

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

35,36

shown in'Fig; 9. Even more embarrassing is the evidence shown in
Fig. 14 that the polarizations for the two'reactions have the same sign,
at least. for [t] <.O;h-(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 P %% ~ -P %%. This is independent

of whefher Or:not there is wedk 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,
vsv> 13 (GeV)g] two weakly EXD effective Regge poles may be an adequate
descriptibﬁ,sinee>the slopes for x+h —>K+A and Kn -y A tend to
become eQual. it remgins to be seen whether the polarizations.for the
_ two reactiehs 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
fit tﬁe Kn —aﬂ;A data at intermediate energies, but fail to fit the
data on ﬁ+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 tqifit Kn - x A, we necessarily fail for tn KA. There is
clearly some truth in euch-a statement, but it is misleadiné. We‘

tried the alternative of fitting the differential cross section for



-30- . UCRL-20287

+

«n kA at 3-k GeV/c.. Even with wide variation of the % octet

couplings and also coupling of the 5£(1385), it proved impossible to

Make the fOrward peak of %% _sharp enough to agree with experiment. We
are thus still left with thé question, why does‘our sumbrule calculétion,
oversimplified though it may be, work at B-G_GeV/c for K-ﬁ —~x A and
not for n+n“—>K+Aé ‘Thé charactef of the s-channel and u-channel reso-
nances in the sum rules shed some light on this-queétion._.Ffom Table T
and Fig; 13 it cén be inferfed that the dominant s~-channel resénances
(K'n > 5 A) are "peripheral” resonaﬁces whose angular momenta increase
Qifh their mésses, and whose s-channel nonflip and spin-flip helicify
ampiitudeébhavé zefos at roughly the same t-values as JO[R(-t)%] and
Ji[R(?f)%]g respectively, where R =~ 0.9 fm.38 This behavior is.
analogous to‘5n elastic reaction, and is not surprising in view of the

'exothefmid-nature of the process. -On the other hand, the threshold for
' -;K*A is 530 MeV above the threshold, my + m_ = 1079 MeV, for
elastic n+n scattering. Centrifugal barrier effects will hinder
peripheraiv 7N resonances from .contributing to the inelastic reaction
n+n —>K+A; vThe dominant u-channel contributions are thus expécted>to
come from xN states of relatively small spin, "nonperipheral" resonancés.
This is indeed what is seen from Tablés I and IV, Thé "periphéral"
resdnanées;' D15 and F15, which are very important in the sum rules for.
elastic qN scattering, couple weakly to n+ﬁ —>K+A; while the
"nonperipheral” states such as N(l?OO)%- and N(1860)%+v [and the

+
N(938)% ‘pole] are of considerable importance.
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Let us assume that & high—energy model with two effective Regge
poles;whiéh are apprdximately weakly EXD is a reaépnable 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 (calléd effective
poles abdvé).are dual ﬁo the "peripheral” resonances in the direct
channel. - |

(2) Lower lying t-channel j-plane singularities ére dual to the
"nonperipheral" resonances in the direct channel.

As can Be‘seén from the eﬁergy dénominatofs in a fixedft gisperSion,
relation; at intermediate enefgies the contributions to a‘reaction ampli-
fu&é:froﬁ'fhé resonances in that channel are more important ﬁhan from
those in the crossed channel. Since the "peripheral" resonances. occur

in the Kn —-x A channel, we can understand why the Simplebtwo—pole
.model‘wofks eQen at intermediate energies for thaﬁ channei.59 The
dominanceiof "nonperipheral" states for <'n —9K+A~ on the other hand
argues for a more compiicated description at intermediate energies.

The‘association of "nonperiphgral" resonances with lower-lyiné
j-plane singularities in-a crossed channel can be made plausible by
considering the idealized explicitly dual Veneziano émplitude. our
distinétion betweéﬁ "peripheral"vaﬁd ”nénperipheral" contributions is
in.some wayé analogoﬁs to Harari's description of elastic scatfering.58
It differs,'hoﬁever,<in fhat his "nonperipheral” contributions, érising
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 élastic processés. In our inelésticvreactions we assuﬁe that the
nohperipheral part is less and less important as the energy increases.
There is no.inconsisﬁéncy between our view and Harari's. The idea that
"nohperipheral" resonances ére dual to lower-lying Regge siﬂgularities
can be ihéorporated into Hargri’s scheme with no difficult&.

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.iﬁbthe“j—plgne. 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 Reggeoh—Reggeon cuts may contribute with the correct sign.ho.

(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.




=335~ | UCRL-20287

- IV. SUMMARY
Using FESR's for the reactions K n - g A and n+n ->K+A- we
- ) : ' ¥* * %
determine the effective "pole" parameters of the K and K Regge

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

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

+ : v :
% baryon octet are varied somewhat to test the sensitivity of the high-
o + :
energy predictions; % octet couplings within the range of values found

empiricaiiy in other reactions are preferred in our solution. We find
that the s-channél resonances in K n = A ggvadd in éuch a way-as to
produce ﬁredominately real amplitudes at high energies as predicted_by'
dﬁality diagrams. We find, hoWever, that thesé predictioné are not
satisfied exactly. Although the ‘pha.ses'of both A' 'and B are small
and'iﬁdependent of t for {t| < 0.5 (GeV/c)g, the residues of the even
and odd éiénature Regge poles are élosely exéhanée‘degenerate only for
the B a@plitudes, and not for the A' amplitudes, thereby allowing

an appreciable polafization for Kn - A as is oEserved experimentally.
| The Regge pole parametersvdétermined from the sum rules give a
good fit to fhe reaction K n - x A over a wide range of energies, -
whereas they are unable to fit ﬁ+n —>K+A at intermediate energies.
Comparison of thé resonance contributiqns to Kn —x A and 'n+n ;>K+A
shows‘that:"peripheral".resonanCes dominate the sum ruleé in fhe first
'readtion,'whilé "nonperipheral’ states are important in the second.

'By suppoéing that ”peripheral"_resoﬁaﬁces aré dual to the leading Regge

singularities in the t channel, while "nonperipheral' resonances are
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dual to lowefriying singularities, we are led to a rationale of why the
simple model_of.two effective Regge poles is adequate for Kn — x n

. . . . ' + +
even at intermediate energies, but inadequate there for x n — K n.
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o X% o
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49 4t ¢ - o0.
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Resonance Parameters

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

% T12,3,L

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

actually used in the sum rules.

* - - * -
are the partial widths for & —-Kn, I -1 A,

The numbers shown in parantheses indicate

the range‘found in different analyses.

*

- +
N —-xn,

¥*
s-channel (Z ) resonances

(1,900-2.000)

-(0.130-0.250)

(1.43-3.56)

1 ,

Name J° M(GeV) Iy (GeV) (rlre)zlx.log(cev)_ o

2(1670)% 1.660 0.050 0.5 -1
C(1.655-1.675) (0.04-0.06) (0.28-0.66)

2(1750)% 1.730 0.080 2.0 +1

(1.730-1.76k4) (0.06-0.10) (0.9-2.5)

2(1765)% 1.765 0.100 .72 41

(1.755-1.775) (0.09-0.125) (2.0-3.12)
. - |

| 2(1915)2 1.8% 0.070 0.49 A1

(1.885-1.9%5) (0.027-0.090) (9.27-1.26)
l+
£(1920)5 1.920 0.170 2.38 +1




Table I. (Continued-1).
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R
s-channel (% ) resonances

) 1
Name J° M(GeV) Iy o1 (CeV) (ryrp)? X lOg(GeV)> o
2(1940)2 1.940 0.280 3.92 a
' | (1.890-1.990) (0.15-0.32) (1.2-5.45)
+ 7
z(zoao)g - 2.002 0.170 R -1
© (1.995-2.0k0)  (0.100-0.195) (2.59-4.28)
ot
£(2080)3  2.070 0.250 2.25 A
(2.040-2.120)  (0.067-0.290) (0.87-3.48)
*
u-channel (N ) resonances
1
Name J° . M(GeV) . Ftot(GeV) ' (F3Fu)24X 102(GeV) o*
N(1675)2 1.680 0.170 0.18 1P
 (1.655-1.680) (0.105-0.175) (<0.3)

+ ' ‘ ' »
_N(l688)% | 1.690 0.13%0 0.10 -1P
| ‘ | (1.680-1.692) (0.105-0.180) (<0.3) |
'N(17oo)% ' 1.710 0.300 3.4 -1

.100-0.400) (2.0-3.4)

(1.665-1.765) (0
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Table I. (Continued-2).

»* .
u-channel (N ) resonances

— : 7 , _
Name J7 ~ M(GeV) Ftot(GeV) (rarh)2 . 102(Gev) o
1t : |
N(178o)§ 1.751 _ 0.227 , S 1.1 : +1
 (1.640-1.860)  (0.160-0.450) - (1.1-4.0)
N(1860)% o 1.863 0.296 1.48 -1
- (1.840-1.900)  (0.220-0.150) (1.1-3.3k) |
a

For those resonances listed in Table 3 of Levi-Setti (Ref.AEE) o#r
‘phases @ are uniformly of épposite-sign from those determined from
Levifsefti‘s SU(5) sign of the resonant amplitude times the phase
of the 8U(2) Clebsch-Gordan coefficient (using.his stated conven-
tion of the Qrdering of the baryon and meson). This overall sign
differgnde‘is obviously of no consequence; it arises from different
choices of éigns for the isospin states for n+ relative to » and
K- relative to K+ more appropriate in s-u crossing.

The N(1675) and N(1688) couple very weakly, if at all, to the
K+A chaﬁhel. Their presénce has little effect on the high-energy
differential cross section at small +t, but the indicated small

amounts improve the behavior at [t] > 0.5 (GeV/c)g.
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Table II. Widths for the decay of a baryon a of mass M and spin-
. + '
parity - Jp into a % baryon b of mass m and a 0" meson of mass
i, 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.)

'Jp ‘ " Langrangian v ' Width T

e q?b(fx’)_ ¥, (x) $7(x) + hec. (&2/8F) [ (M + m)° - 1PTp
. . ,

% | -ig ﬁ£(x) vy Wa(x) ¢T(x) + h.c. (gg/hn)[M(E + m)]_l PB

ot (F, (x) L | |

% g(:ETE——_ Qa§£2> ¢T(x) + h.c. (gg/QhﬂugMg)[(M + m)2 "H2]95

5&1 v

i 5, (%)

2 e\ 1 ) ) 4T e nee. (6°/12np %) (M(E + m)17F
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Table III. Pole term contributions to Im A, Im B, Im A, and Im B.

Jp s channel
l+ . .
3 Im A(.v,tv) = _“(gN'f{'Z% gZ‘*AH‘»/hm)(?Mz*_ -m-m') (v - vz*)
Im B(v,t) = “(gNiz* gz*Aﬂ/Em)‘ﬁ(v = Vx)
g In A(v,t) = nl(gygex gz*Aﬁ/émuu'){B[Mz*.+ %(m +m')lp_p. cos 6
| + [MZ* - -ng(m + .m')](ES + m)(Eé + m'b)} (v - VZ*) _
Im B(v,t) = n(Eye x éz*Aﬂ/6muu')
X {5pspé cos 6, - (ES + vm)(E'S + m')} &(v -.1-/2*)
JP u chapnél
l+ — ) -
5 ImA(v,t) = ey o B/ M) (Mg - m - m') B(v - vy)
Iﬁv§<v’t)v =”“(éNnN* gN*AK/g@) 5(v - vy
%_ Im K(.V:t) = gy yx Eyxpr/ M) (2Myy +m + m") 5_(‘1/ ) ;N*) v
I E(r,) = g B2 500 - e)
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Table TII (Continued).

J u channel
% Im -A-(V)t) = n(gNnN* gN*AK/6m¥1U' ){5["1\41\]* + %(m +m' )]puplil cos eu.
- My, + E(m + m')](E, - m)(E] - u )} 5(v - )
In B(v,t) = nlgy yx Byupg/Omon’ ){31911101'1 cos 6

- (B, - n)(E] - m')} 8(v - vyx)
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Table IV. Poles lying below threshold.

Name Mass (lieV) SU(3) Multiplet D/(D + F) - Reference
" s channel
1* : - ' _
2(1197)5 5 1197 octet 0.6 - canonical value
.+: . ) _ '
2(1585)1 o 1385 decuplet -
2 .
u channel - ‘ - | - o
1+ , _ : . : . |
N(958)§ 938 ~ octet 0.6 ~ canonical value |
l+ . _ ’
N(1k70)5 1470 - octet 0.6 a
N(1518)2 © ¢ 1520 octet ©0.565  Levi-Setti (ref. 22 |
2 - : . |
N(l550)% 1% octet 1.96 Levi-Setti (ref. 22)

& We estimated this from the decays N(1470) —Nx and N(1k70) - Nn.
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. L.

Fig. 5.

theoretical value of D/(D + F) = 0.6; the dashed line .
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FIGURE CAPTIONS
Duelity diagrams for K n — x A: (a) Nonplanar s-t duality

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

_t-channel.Regge exchanges.

Diagrams defining the kinematic variables for K n — s A and
o+

,ﬂ+n.—>K A.

Complex v plaﬁe showing schematically the locations of poles,

unitarity cuts, and the physical regions for Kn->x A and
the crossed reaction, rn — K A.

SU(3) coupling constants for the pseudoscalar meson-baryon-
+

baryon verticés of the % baryon octet as-a function of

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

gz/hﬁ = 14.6, corresponding to g[p —anop] = 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

at 0.675 is our preferred value.
Effects of variation of coupling constants on fhe high-energy

differential cross sectiop for: K-n.—>n_A. The data shown are

those of Yen et al.u 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 £(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 Z_(1585) -Xn couﬁlings, with_ D/(D'+’F)_= 0.675



Fig. 6.
Fig. 7.
Fig. 8.
Fig. 9.
Fig. 10.
Fig. 11.
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‘for N and £ poles and the other resonance parameters fixed

from experiment. The numbers beside fhe curves are values of
-1 - - ‘

p glz (1385) - K nl.

Comparison of calculated and experimental differential cross

sections for K n —»x A at 3.0, 3.9, and k.5 GeV/c..

Comparison of calculated and experimental A polarization for

K'n -5 A. Solid squares are the data of Yen et al.h at k.5

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

GeV/c. The solid (dashed) curve is for K'n S>aA (oo xth)

and is essentially energy-independent.
Predictions of the A and R parameters for K n —aﬁ-A at
4.5 GeV/c (solid curve) and 9 GeV/c (dashed curve).

Siope parameters of %% 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

Regge residues ai(t), b*(t)' of the t-channel nonflip and

vflip amplitudes,vrespectively, as functions of t. The zeros

of a’ and b~ define the vanishings of the trajectories o
and a , as indicated by the vertical dashed lines. Exact
exchange degeneracy implies a+-= -a , b =-b

Phases of the high-energy amplitudes A' and B for

"Kn->x A, and X' and B for < - KA as functions of

t. Duality diagrams predict zero phaSe for A' and B; and
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& phase -ina(t) for 'A' and B. The dashed line gives the

‘average phase, iﬂ<§+(t) + a‘(ti>/2, for comparison.

Disﬁribution in t of zeros in the contributions from
' ' . ' oot
individual resonances to the sum rules for v Im A (+) and

()

The number beside each symbol is the mass of the

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

LHS of the A (+) "sum rule (a) and the B(_) sum rule (b).

. , . s
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.

Fig. 1k,

' half shows I

"Exchange degeneracy of low-energy X  resonances. Upper

o ZB"ZS’ T baryon states on two, rather than

four; trajectories. Lower spin states are indicated with open

cireles. Lower half of the figure shows contributions to

Tm B sum rule at t = m *2. The cdntributions along each

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

‘alternation in sign. The interval indicated by arrows is

1.9%

the range covered in the analysis of Ferro-Luzzi et a

‘Comparison of polarization at 3.9 GeV/c. Solid and dashed

‘curves are the results of our calculation for K n - g A

.~ _and x'n > K'A, respectively. At small |t|, the observed

"pblarizatiohs have the same sigﬁ, contrary to our predictions
or those of any model involving only one Regge pole of each

‘signature.



-50-

(c) - (d)

XBL712-2869

Fig. 1.



-51-

+/ u ,
(P, ,E,)

 XBL712-2868

n

Fig. 2.



Grta=K'A
‘physical
region

-52 -

Imv Y

Kn—=1A
physical -
regionj |

ot R
| " Rev

. "XBL712-2867

Fig. 3.



~-53-

05

 D/(F+D)

Fig. 4. .

1.O

. XBL7I2-2859



[b (Ge\//c);z]

b|+

100

- olo

10

54

-8.3

1 ] |

1

] I

lLlllI

IIllI

1 1‘114”1]

| |
0.5

1 -t (GeV/e )

Fig. 5.

XBL712-286|

100



[b(Gevrel” ]

o
t

d
d

-55-

-
u

100

T T T T T T T T T

+ K n—=7"A p,_,=3.0 GeV/c Bef. 3 i
4K n—=m"A p=3.9GeV/i Ref.35 | ]
4-K'n=m"A p,=4.5GeV/c Befe 4 -
4 -

—

R SR S S R

0.5 L0
t-t (Gev/c)?
- XBL712-2862

Fig. 6.



Kn—=7"A

Polarization

o

O
Xs)

o
Q_

~05|

T 05 10

oot (GeV/C?

Fig. 7.

: lVJ"J

15

- XBL7I2-2864

e




-57-

00 05 10
1 (GeV/e)? |

- XBL 713-304!

Fig. 8.



. XBL712-2865 o




.59

LES UL T

ST VN SO R S S

TS T T

S R LS

b)!
LS

T T ey T o

U e ;;e,L7|2-_zeeq__.,_ o



180"

150" F

100°

Phase

-150°}

- -180°

-60-

] | |

0.0

0.5

| -t (GeV/c)?

Fig. 11,

XB8L712-2858




_.61-'“\ P

sz(GeV)z,
0 o 30 40
00— I 470 T T —>
(d _ ‘_a
6759 eites  °6 <(b
, 1N :
- 6707 1688, 1895
~ -II-9.7 675" ITQBO -
> - e , - _ | :
8Q05 T x |7'.65'r | 20.30‘_(0)
= | ® vImA' (Z7) S
ol | evImA (ND 1860®0(920
| | ®mvImB (% - -
| | ®mvImB (N%)
10 | |
Y

XBL713-299|



-62 -




Polarization

-63 -

- | 1 T L

0.01y

—05H

H .
4 K'n—=m-ARet. 35
<4 7 p~K°ARet. 36
1 |
X :
-~ < = ‘ —
] r‘T = ] |




S5

LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their c_ontractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any

information, apparatus, product or process disclosed, or represents.

that its use would not infringe privately owned rights.

Vo
VLA



4 - B

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

— 'k»\\\





