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Possibly KN scattering contains exotic resonances Z*¥ mnear
Jsf31o7 to 2,0 GeV 1)’2), and dynamical links with strong inelastic channels
(KnN, K*N, KA,.o.) are conjectured 3). Here we are concerned with the I=0
processes for which we construct a crude but interesting multichannel dyna-
mical model. In the version presented here the model is simple enough to be
analytically tractable, but contains what seems to be the essential dynamics.
Indeed it predicts isoscalar S, P and D wave XN scattering amplitudes
in the Z§ region in reasonable agreement with the favoured solution of a
recent phase shift analysis 4). In particular, we find a wide exotic reso-
nance in the JP==%+ (P wave) state. The important ingredient is a large
amplitude for K¥* production by m exchange, and there is one parameter

which, if fixed by SU6, gives a resonance mass of about 1800 MeV.

The I=0 KN system is chosen for relative simplicity - the
dominant KnN inelastic channel becomes strong about MSR51.8 GeV where
it is almost all (~90%) taken up by K*N 5)

the situation in the region of interest (1.7-2.0 GeV approximately) is re-

Thus to a good approximation

presented by a two-channel (KN, K*¥N) problem where the relatively narrow
K*¥ can reasonably be treated as stable. For I=1 (where there is less
K*¥ production 2 ) the KA threshold is an additional complication and the

wider A 1is less realistically taken as stable.

MODEL
The model we propose is a two-channel (KN, K*N) K matrix
representation valid near the K*N threshold at 1.83 GeV. DPhase shifts
for S, P and D wave scattering are constructed from estimates of the
K matrix elements made from phenomenological Regge pole exchange ampli-
tudes. This follows an idea first pursued by Lovelace 6 in a calculation
of phase shifts from a Veneziano model for the coupled (mm, EK) system.
The Lovelace prescription identifies partial wave projections of the B
amplitudes as K matrix elements. The effects of unitarity (especially
low energy interchannel coupling) are thus treated as perturbations on a

dual Regge pole representation.

Further work on a dual link between Reggeon amplitudes and low

energy K matrix elements has found considerable phenomenological success

7).

in TN scattering It corresponds at higher energies to dressing



exchanged bare poles in a phenomenologically and theoretically respect-
able way with Regge cut corrections 7>’8). Diffractive scattering (or

"background", or Pomeron ?P exchange) is neglected at low energy. ZPresu-
mably such effects are built at higher energies by multiparticle interme-
diate states in the unitarity sum 9). The mnm calculation is especially

successful for the non-resonant (I=2) channel, where the full B, struc-

4
ture is in fact irrelevant and simpler estimates of the Regge exchanges give
equally good phase shifts 10). Likewise, in the present exotic channels

the lack of a satisfactory narrow width dual amplitude is no handicap -
phenomenological Regge pole exchanges should serve. However, for the

(KN, K*N) system two new features are present : (i) large inelasticity in
the exotic channel, and (ii) strong ™ exchange amplitudes. Indeed these

turn out to be the crucial features of the problem.

REGGE MODELS

Estimates of Regge pole exchange amplitudes are needed for the
three reactions connected through unitarity : KN-XKN, KN-K*N, K*N-K*N.
For the first two, there are data to fit - the third is accessible only
through higher symmetries. Note that we propose to extrapolate the Regge
models down to the threshold region. Duality is the guiding principle
indicating that this gives (up to unitarity corrections) the correct average
low-energy phase. Since we treat exotic channels without (at this 1eve1>
resonance structure, the "average" is arguably almost local. Certainly,
down to very low energies, our XKN—-KN and KN-K*N models give excellent

fits to the rather unchanging data.

We summarize only pertinent details of the Regge fits. Further
details are given elsewhere, in a wider context 11). As we shall show, the
only important feature in the I=0 <channel is m exchange in KN - K*N,
K¥N - K*N., Natural parity exchanges are relatively negligible.

We start with KN—K*¥N. The data 12)

in the usual Regge region
(about 4 GeV/c and above) show Kip—*K*ip to the mainly natural parity
exchange and the charge-exchange reactions K_p—+K*On and K+n—9K*Op to
be dominated by unnatural parity exchange. A good fit to available cross-
section and density matrix data 12) is possible with a very simple Regge
pole exchange model with the strongly EXD quartet o, fo, w, A2 (collect-
ively M) plus the mn. The M and 7 exchange couplings are chosen
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according to a prescription for Reggeizing elementary exchanges described by
"simple ILagrangians, which has considerable success elsewhere in applications
to resonance production 11). In K¥ production elementary M exchange is
treated as vector exchange V. The simplest Lagrangians for the couplings
vvp, VPP, PNN ]}Epseudoscalar (ﬂ,K), Nznucleorﬂ are unique : respectively
of the form e (p1p2V1V2), ;zigu g, JYBWS. Data demand the VNN coupling to
be of the form 1d WVH 11). To Reggeize, Feynman propagators are replaced
by (signature facior)><(s/so)a(t) and coupling constants by residues with
ghost-killing factors as appropriate. With this prescription surviving ampli-
tudes for KN—-K*N are Mi1 and Ty where subscripts refer to t channel
helicities, there is no t channel nucleon helicity flip, and the amplitudes

*
M0=:ﬂi1E() ). For the XN I=0 channel we have specifically

Mﬂ =9 ['3(‘)*’)],2/ r("’“m) <S/SO>O(M-4 5 (1)

m o gpLee™ (8T “

The kinematical factors in the Kibble function  appear automatically, and
the residues g, y are taken as constant with t. Trajectories are

aﬁ(t):(t-mi)a' and cyM(t)=1+ (t-ms)or’ with ! fixed at 1.0 (Gev/c)'2

Pigure 1 illustrates the fit to data, where the natural and
satisfactory value so==1.

*
ferential cross-sections , and the ratio B/y==1.54 is fixed by the

0 (Gev)2 is fixed by the +t dependence of dif-
*
ratio poo/p1 1 of t channel K¥* density matrix elements. Note that

y -
Reggeization of m exchange is vital in fitting Poo at smaller It! -
an exchange term proportional to (mﬁ-t)—1 gives much too narrow a forward

peak. Over-all normalization is somewhat problematical 13) - normalizing

o data at 4.6 (2.11 to 2.72) GeV/c gives =60 (71) Gev >, [using
dg/dt = (1/64ﬂp28)%2|T|2:]. The splendid simplicity of the model allows

all three parameters to be determined analytically.

e - . - = g T G " (e (. o S S e e G S e P G S B B P e o (e G e B B S S e e S G S e G S S e =

The unconventional M exchange flip/non-flip ratios are in fact irre-

levant, as shovn in later discussion.

*% - -
) A small difference in slopes of do/dt(K p—E*°n) and do/dt (K tn-x*%p)

is not described by the bare pole exchange model.
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The lower-lying m trajectory has a larger contribution rela-
tive to M exchange at lower energies. Indeed the lower energy do/dt
data (Fig. 1a) show a small t peak not described by the model. This is
typical evidence for absorbed m exchange 8). The low energy K matrix

model is precisely what effectively introduces the necessary absorption.

At Js=;1.83 GeV 1in the region where the amplitudes are to be
unitarized, for I=0 the fit predicts the amplitude ratio of m™ +to M
exchange (|m/M|) +to be about 7 at t=-0.05 (GeV/c)2 falling to about 2
at t=-0.5 (GeV/c)Z. Thus it is an excellent approximation as far as the
low-energy I=0 channel is concerned (especially after partial wave pro-
jection) to retain only K*N production by m exchange. This is the
central dynamical feature of our model, and leads to a simplification which

*
mokes it analytically tractable at no loss

In the channelsr(ﬁg—jﬁﬁ only natural parity exchanges contribute
P, £, 0, w, A,. We note for completeness (we shall not use the model)
that a good description of data (except for line-reversal breaking in Ki
CEX below 5.5 GeV/c 14)) is readily possible with a strongly EXD Regge pole
exchange model (ﬁ>+M) where TP is represented by a simple pole of slope
a! =0.6 (GeV)_z. In principle we extrapolate the M exchanges to
sN 1,83 GeV in I=0 KN—-KN for unitarization. (Presumably this unita-

9),15) and to break line rever-

rization helps to rebuild the “) exchange
sal by generating corrections to isovector exchanges.) However, the K
matrix elements thus obtained are completely negligible compared to those

for XKN—-K*N by m exchange. This is readily a%preciated by comparing
14

12

relative magnitudes of Ki CEX cross-sections (one or two tenths of

mb) with non-CEX K* production cross-sections (Mmb) at larger

energies'where the latter are M exchange dominated.

Unitarity couples in the channel K*N—K*¥N and a model is
needed. Exchanges of 1> y My, m are all possible. Guided by KN —X*N,
we assume only 1 exchange to be significant. The amplitudes are calcu-
lated as for KN—-K*N, with the same VVP Lagrangian. The only surviving

amplitude is

W= 2N(R) e ] (%), ()

Also, we note that possible contributions from u channel baryon exchanges

" are even more negligible.



for initial and final K*¥ +t channel helicities equal to 41 and no

) . 16)
nucleon flip. The SU6 relation between 8xxgr and By xgxn relates

this coupling A to the B of Eq. (2) by

g

2 P ) (4)

(] MK*"W:

in the approximation m,,=m . The evasive pion leads to correct s channel

K*
partial wave threshold behaviour.

PHASE SHIFTS

The low energy model contains therefore in first approximation
just the two m exchange terms ﬂO(KN~+K*N) and n11(K*N—*K*N). These have
to be crossed to the s channel and projected to partial waves. This is
fortunately particularly simple near Js==1.83 GeV or g=0 (q::K* CeM,
momentum) because of the form of the helicity crossing matrices as q-—0 17).
The parity-conserving s channel partial wave amplitudes contain only
alternate powers of q and, noting that for Js within 150 MeV of K¥
threshold we have q3 < 1/10 @ (units GeV) we achieve further great
simplification without loss by working to lowest order in q consistent
with threshold behaviour. At the same time the model is valid near the

23(1800).

Note that although in principle there is some ambiguity in
interpretation of the complex m exchange terms as X matrix elements,
in practice the partial wave projections are overwhelmingly real because
of the nearness to the physical region of aﬂ::O and the rapid exponen-
tial fall-off in t. We take Rem, but numerically |m| is little dif-
ferent. The important feature is simply the size of ™ exchange relative
to the other amplitudes.

It is then straightforward to obtain expressions for the KN

isoscalar phase shifts. For JP==%i (84 and P, waves) inversion of
2 2

3x3 matrices gives when q2 >0

,134«.33 = 3""/’?sz,~ (5)
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and

o5 - ipg, Ky (1- 249K )
P { + q/"K: - .ZE»L?’KZ_

where p is the KN-KN c.m. momentum and the three K matrix elements

(6)

K1’2’3 are constants given by
K = -Ias: (1+ coaA)
!

(72)
[em (my+ Mys )ZA-H >

- A (70)
ke T (myr ) ‘

k= PSS
Sy {

errAhZ(HmWA)Mm,,mk*)/@]} , (1)

where
- 2 1 2
and o! = trajectory slope= 1.0 GeV—2(fixed). Continuation to q2 < 0 1is by
q—-ilq|. For JP:%i (P; and D; waves) there are more involved formulae
2 2

(omitted) from inversion of 4x4 matrices. We emphasize that these expres-

sions are valid for 1.7 < Js < 2.0 GeVe

Phase shifts for J=%,3 are plotted in Fig. 2, where compari-
son is made between this theory with B =65, » given by SU6 [Eq. Oiz
and results of the so-called BGRT-D (Sens vy) phase shift solution 4). Ccon-
sidering the crudeness of the model, the agreement is good., General fea-
tures of the BGRT solution are reproduced - notably the sign of the 53
and P; phase shifts below 1.83 GeV and the large counter-clockwise gl
loop. ?Equation (6) shows the latter to be an inevitable feature of the2
model, although the exact mass of the resonance is sensitive to the coupling

A of m exchange in K*N->K¥*N, through K As shown in Fig. 2 the mass

2‘
on a maximum speed criterion is about 1.82 GeV, and width is roughly 250-300

MeV. Note from Eq. (5) that the S wave below the resonance is always
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repulsive., The ©P; amplitude shows interesting rapid movement. The limited
2

range of validity of this version of the model makes it difficult to know,

but presumably the corresponding KN scattering length is negative. The same

remark applies to the Dj; wave.
2

Of course, the two-channel, stable-particle, approximation makes
the inelastic threshold rather abrupt and renders details unreliable. How-
ever, qualitative features of relative sizes and signs of predicted amplitudes
are invariant against changes of parameters vy, B, S, which are reasonable
in view of the KX¥* production data 12). The effects of the neglected natural
parity exchange amplitudes can be estimated numerically as 5-10% perturbations
to the m exchange phase shifts in J=%, and smaller in J=32. The Regge
exchanges in XN —KN in particular remove the exact amplitude zero at K*N
threshold, but the change is not large. Indeed, to the extent that the
BGRT-D (Sens y) phase shifts are to be relied upon, the results clearly imply

that m exchange alone is a realistic first approximation to the dynamics.

CONCLUSIONS
The general phenomenon of resonance formation linked to vector

3),18).

production by m exchange has been investigated before The calcu-

3),18)

lations of Aaron et al. seem to favour S and D wave resonances.
The present model has the advantage of simplicity and transparency. It
shows how, because of the dominant amplitudes in the KX*N channels, the

KN —-KN partial waves are forced to be small at K*N threshold. That is,
phase shifts 6 mnear O, Tyoe.. etc., at q=0. These values arise from
either a small excursion from KN +threshold back to §$~0 or else a rapid
loop to &6 ™m, The pion coupling to K¥* helicity-one amplitudes in
K*N—-K*N puts a loop into the P, wave and makes the S; and Pz phase
shifts negative for q2 < 0. We zote that dispersion relgtions faéour a

JP:—;--'- 19).

Zg resonance
Finally we point out that the dominance of ™ exchange in the
exotic channel makes the dual approach through the X matrix expression
T::K(1-ipK)'1 somewhat similar to the old-fashioned dynamics of Np~
equations. In that language the Zg is a K*N Dbound state and a KN
CDD pole (and it is perhaps difficult to understand why long-range m

exchange should give a good estimate of the S wave 1.
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FIGURE CAPTIONS

Figure 1 Fits to selected K* production data [from Ref. 121] with the

model described in the text.

Figure 2 Comparison between :

—— = e

(a) model phase shifts calculated as described in the text
(reference points at «/s:1700, 1820, 1827, 1830, 1950 MeV) ;

(b) phase shifts of the BGRT-D (Sens y) solution from Ref. 4)
(reference points at Js=17oo, 1747, 1794, 1840, 1887,
1932, 1977 MeV).
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