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Py; partial wave amplitude of K*p elastic scattering is investigated from the information
on the inelastic channels, K4 (1236) and K*(891)p in terms of the three channel N/D model.

The calculated Pis phase shift shows a counterclockwise circle in the Argand diagram
and has the maximum of phase shift versus energy at 1.15 GeV/c of kaon incident momentum.
We argue that the exotic resonance Z;*, if it exists, is a highly inelastic resonance caused
by the strong absorption through inelastic channels and is coupled very weakly with K*p
elastic channel.

§ 1. Introduction

Total cross section of K*p scattering shows a bump structure at about 1.25
GeV/c of the K¥ incident momentum.” Recently a number of experiments and
analyses have been done in order to investigate whether or not the bump structure
is due to the existence of an exotic resonance Z,*(1860). Among these analyses,
some of the solutions describe the resonance-like behavior in the Argand diagram
of the P;; wave and suggest the possible existence of Z,*. However, there is no
final conclusion of the exotic resonance problem because the phase shift analysis
based on the data on the K'p elastic differential cross section and polarization have
not presented a unique solution, but have allowed several solutions on account of
no measurement of spin rotation parameters. All experiments which show some
resonance features share the common characteristics, i.e., the K*p elastic P;; wave
is very inelastic and the speed of the Argand circle (the rate of change of the
phase shift with energy) gives broad peak or almost flat structure versus energy.”
These facts mean that the resonance, if it exists, is coupled very weakly with the
K*p elastic channel. Therefore, we conclude that the conventional phase shift
analysis of single energy type based on the shortest path criterion is rather
insensitive to the decision as to whether Z,* resonance exists or not.”®
Bland et al. performed an experiment on single-pion production of the K*p
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system and tried the partial wave analysis of the K4(1236) and K*(891)p produc-
tion amplitudes in the uncoupled channel treatment.” They concluded that the
total cross section peak at about 1.25GeV/c does not represent the existence of
the substantial resonance component in any partial wave amplitudes of K4 produc-
tion, but the bump arises from the superposition of the K4 and K*p channel
cross sections which are smooth but have widely separated thresholds. That is
to say, they interpreted the bump of total cross section as a threshold effect
resulting from the sharp raises of 4 and K* production cross sections.

Therefore, it is significant to perform a coupled-channel partial wave analysis
of the K'p system by taking account of inelastic processes, K'p—K4(1236) and
K p—>K*(891)p. If we reproduce the experiment of both elastic and inelastic
channels in terms of the multi-channel approach, we can reduce several phase
shift solutions to a unique one and we will be able to make clear the mechanism
of the K'p system.

We perform the analysis of the K'p elastic Py wave in the range of momen-
tum from 0.8 GeV/c to 1.6 GeV/c. It is interesting and important for the follow-
ing three reasons to investigate the elastic P;; wave: The first reason is the
possible existence of Z,* resonance. In terms of simple quark model we cannot
construct Z;* from three quarks. If Z* does not exist in the K*p elastic channel,
Regge poles must be exactly exchange degenerate in the crossed channel. The
second reason is the structure of the absorption coefficient in K™p elastic scattering.
Usually the absorption coefficient shows the central absorption with Gaussian type
at high energies in terms of the impact parameter representation.” This behavior
is considered to represent the characteristic feature of Pomeron. But at low ener-
gies, the behavior of absorption coefficient is peripheral.® Among partial waves of
K'p elastic scattering amplitudes, P;; wave is most absorbed and its coefficient
plays an important role in the peripheral behavior. If we suppose that the phase
shift of Pomeron is purely imaginary and its S-matrix is equal to the absorption
coefficient, we may clarify the content of Pomeron at low energies by the investi-
gation of the absorption coefficient with this peripheral character.? The last reason
is that the K'p system has many features common to the proton-proton system
at low energies. DBoth systems have an exotic resonance problem. The p-p elastic
scattering channel is also an exotic process in s-channel but with baryon number
equal to two and has the possible existence of di-proton resonance in the elastic
'D, wave.” The absorption coefficient also behaves peripherally.”

Now, we discuss the dominance of the P;; wave in the two inelastic channels,
K*p—>Kd4d and K*p—K*p. According to the partial wave analyses of K4 production
angular distribution, the P;; wave contributes largely in the low energy region
near threshold.””® The analysis of K*p production by Bland et al. tells us that
the P, wave is also large near the threshold. But the detailed analysis of K*p
production is insufficient on account of poor data on the K*p angular distribution.
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One of the present authors (T. H.) has performed the partial wave analysis
of the Regge amplitudes which reproduce the experiment of differential cross sec-
tions and the inelastic total cross sections of K4 and K*p productions at low
energies.’’ THe has obtained the result that the P,; wave contributes most largely
to both reactions at Py;,<{1.6 GeV/c. The analysis in terms of one-boson exchange
amplitudes (OBE model) has given the same result at least in the momentum
range Prp<{1.2GeV/c.”” Then, we may conclude that there is a large P,; wave
contribution at the raises of these production cross sections and we expect that
the K7p elastic Py state is coupled with K4 inelastic *P,, state and K*p inelastic
!Ps and “P;; states strongly.

In this paper we will investigate the K¥p elastic P;; wave in terms of three-
channel model coupled with the inelastic reactions K*p—>K4 and K*p—>K*p, on
the basis of the coupled N/D equations. In our analysis it is assumed that the P,
wave is completely dominated.in these quasi-two-body final states over the momentum
range from the thresholds to the first peaks of these production cross sections. Further
it is assumed that the N function in the N/D equations which represents the
left-hand cut singularity can be phenomenologically approximated in terms of one-
pole term. The pole position 7T, and residue a;; are regarded as adjustable parame-
ters to reproduce the experiment of inelastic cross sections ¢ (K p—Kd) and 7(K*p
—K*p}. Then, it is possible to study the P;; wave phase shift and absorption
coefficient in the K*p elastic channel by the use of these adjusted parameters.
In § 2, we outline the formalism of the coupled channel N/D model. In § 3, the
calculation is performed and the results are compared with data. The last section
is devoted to conclusions and discussion.

§ 2. Coupled channel N/D formalism for K'p scattering

In this section we start with a coupled channel N/D representation for the
K'p scattering amplitude M. For simplicity, it is assumed that there is no C.D.D.
pole and no anomalous singularity in the N/D equations. It is, moreover, assumed
that the left-hand cut integral which represents a force in the K'p system can

be approximated by one-pole term. Then, we obtain the following equations:
]\/[ij :pi1/2(NDA1) ijpj]/2 , (2 1)
N (T =B 2-2)

ST =

T _oT)ONGTD gy 2-3)

Dy (1) =0~ T =00 [ T
7 oo (T =T (T"=TY)

where the subscript 7 (or 7) =1,2,3 refer to the channels K'p, K4 and K*p

respectively. 7T is the laboratory kinetic energy of incident kaon, 7} denotes the

pole position and the pole residue a; denotes an element of real symmetric (3, 3)
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matrix. The D function is normalized to 1 at T'=T,. T} is the ordinary unitary
threshold energy of the i-th channel. 0;(7") appearing in Eq. (2-3) is a phase
space factor of the Z-th channel and is defined from the threshold behavior as

follows:
_ Giem _ [(T+m) —m'T" 4
o) = = A Ty 12T T @
B 1 Vs-m dM’ , .
o = o e a0 (2-5)
with
0 (M, Ty = Them. _ [(L+2m £ 2T =M = @M YT" (5
Vs [A+my+2TF
and
W= j - aM . 27)
viu (M — MY+ (I')2)

Here masses are expressed in nucleon mass units (938 MeV), ¢; cm. represents the
c.m. momentum of i-th channel, 4/s the c.m. total energy, # the pion mass, m the
kaon mass; M* and I'(116 MeV) denote the mass and width of 4(1236), respec-
tively. 0.(7") is averaged by the Breit-Wigner mass spectrum of 4 mass. The
expression for 0;(7") is similar to 0,(7"): ©s(T) is obtained by replacing the mass
and width of 4 in 0,(7T) by the mass and width (=50 MeV) of K*(891) respec-
tively also in nucleon mass units. Since 0;(7) (z=1,2 or 3) becomes linear in
T as T—oo, the dispersion integral of Eq. (2:3) converges under the one-pole
approximation of the N function.

We substitute Eq. (2-2) into the D function of Eq. (2-3) and define the
following function f;(7T):

Dy (T) =0y +ayf;(T) (2-8)
with
(ry=-TL=T (" ) :
Si(T) . Lim T T (17T dar’. 2-9)

If we substitute the concrete expressions for 0;(71") of Eqs. (2-4)~(2-7) into Eq.
(2-9) and exchange the order of integrals in these equations for =2, we obtain
the following expressions:

_T- T1 LT +m)* —m* "

J [A+m)+ 2T B (T’ =T) (T’ =T,
_ 1 (= aMm’
fZ(T) - W £+” (M/_M*)z_l_ (]—v/2)2

[T = a1’ , (2-10)

f(M',T) (2-11)

with
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T—T, ("[A+2m+2T =M™~ 2mM' )"
7 I [A+my+ 2T P (T —T) (T’ T

So(M',T)= — a1’ (2-12)

and
T,= % (M +mY — (L4 m)] = (14 m)p+ —;«/ﬁEthh . (2-13)

The expressions for f3(7T) and f;(M’',T) are obtained by the same replacement
of /(T and f,(M’,T) respectively as mentioned already below Eq. (2:7). The
above expressions for f1(T), fo(M',T) and f3(M',T) can be integrated analyti-
cally. Therefore, we can evaluate f,(T) and f;(7) numerically if the value of
pole position T is given as a parameter.

Accordingly, if the parameters 7, and a;; are given, we can calculate the
partial wave amplitudes of elastic scattering and K4 and K*p productions. Then,
these parameters must be adjusted to reproduce the data.

The phase shift parameters (0,7) of K'p elastic Py wave can be extracted
from the scattering amplitude through

MUE%("ZGZM —1) =p(T) (ND),,. (2-14)
2

The partial cross sections of K'p elastic scattering and K4 and K*p productions

are expressed as follows:

0% (Pr) =S 02(T) | (ND D, (2-15)
adi
G54 (4Py) = Z” 00 (T) 0:(T) | (ND 2 (2-16)
1
G2 (VPy) = B0 (T 0y (T) | (ND Dy * . (2-17)
(231

§ 3. Calculations and comparison with data

As an input information which derives the phase shift parameters (0,7) of
K*p elastic P, partial wave we may employ the production cross sections ¢ (Kd)
and ¢(K*p). In our treatment of K4 production data, we use the K°4" " cross
section multiplied by 4/3 in order to include all of K4 charged states. It is
assumed that each of the cross sections ¢(K4) and ¢(K*p) is dominated by the
transitions, K" p(*Py;) > KA4(*P,;) and K'p-—->K*p(*P,y and *Py;) respectively. As we
have already investigated in § 1, this assumption is accepted experimentally in the
momentum range from thresholds to 1.2 GeV/c for ¢(Kd) and also to 1.6 GeV /¢
for ¢(K*p). In the regions above these energies the contribution of P;; wave does
not dominate and should be properly smaller than the experimental values of K4 and
K*p production cross sections. Then, we make use of the data of ¢(Kd) at 1.367,
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1.450, 1.560 and 1.585 GeV /¢ and the data of d(K*p) at 1.960 GeV/c as upper
bounds to reproduce the bump structures of these production cross sections.

We perform a y’-minimization about the pole position 7, and the pole residue
a;; as adjustable parameters. The value of 77 is variated in the range between
—1400 MeV /¢ and —100 MeV /¢ in which p-meson exchange cut (—935MeV /¢
to —364 MeV/c) is covered. The reason is that the most nearby singularities of
K'p->K'p and K p—Kd reactions are expected to be brought about by p-meson
exchange. There are the following ambiguities corresponding to the arbitrariness

of the relative phase in the state vectors,
(@15, A1, Qgg) <> (— Aray — iy, Qo) <> (— Quoy Arg, — Q) <> (Qry, — Ayz, — Asy)

We choose the phase so that the values of a;, and a3 become positive or zero.
After the »*minimization, we have obtained three solutions which have similar
features with the exception of a slight difference of the production cross sections
in the energy regions above the bumps. On account of the assumption that the Py
wave dominates only in the energy range from thresholds to the first peaks and
does not dominate above the energy regions, we choose the solution which gives
a smaller value of the cross sections in the energy regions above the bumps. The
value of %* of the solution is equal to 3.92. In Fig. 1, the calculated values are
compared with the data on the production cross sections.” The values of adjusted
parameters 7, and a; are given Iin

. Table I.  As seen in Fig. 1. the cou-

5t /“ pled channel N/D model with the
- I + parameters in Table I reproduces the
+ experimental data with the sharp raises

at the thresholds and the bump struc-
tures. In Fig. 2, the phase shift and

+ absorption coefficient of K7p elastic

N 39
e e
—.—

I .
\{ * scattering are shown.
- f QOur result is compared with the
ol o T o Spi . . o
05 10 15 20Gevic) solutions of phase shift analysis in the
;7 7/
. s — - « > N
Fig. 1. The cross sections g(K*p—all K4) and momentum )range below 730 MeV/c i»
) i . . 14 ; . o
0(K'p—>K*p)  «:all K4 production cross Fig. 2(a). We see that our result
section data and 2 : K*p production cross can be considered to be in agree-

sectlfm data. Solid and dotted curves are The ment with this solution at low energies
predictions of all K4 and K*p production

. ol L below the K4 threshold. As seen
cross sections respectively with the adjusted

parameters 1 Table I. in Fig. 2(a), the phase shift has a

Table I. Values of parameters Ti and a;,. x*=3.92.

' | ! ! |
Ty (MeV) asn ase ays sz ! Az i sy
H ' i

~7960 | 1099 9.249 —~7.105 ~9.181 —7.863

! | | ! ! !

—411.1
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Fig. 2(a): K* incident momentum dependence of the phase shift and the absorption coefficient
of K*p elastic Pis partial wave. (b): The real part of det D Re(det D). «: The results
of the K*p elastic Pis phase shift analysis.'®

characteristic energy dependence; a sharp bump peaked at 1.15 GeV /¢ and associated
with a broad dip. This structure can be explained as an absorption effect caused by the
inelastic channels.” As shown in Fig. 2(b), the real part of the determinant of D
function matrix Re(det D) has a dip at Py, =1.35 GeV/c. We can infer from this fact
that the resonance zero is able to appear on the second Riemann sheet. As seen
in Fig. 3, the Argand diagram and the speed of K*p elastic P;; wave show the
resonance-like behavior and the mass of resonance is estimated to be 1860 MeV.
This behavior is qualitatively consistent with the solutions of the phase shift analy-
ses by the CERN group'® and the ANL group.” All the diagonal elements of
adjusted parameters a;; are negative as seen in Table I. This fact means that the
force of each elastic channel is repulsive. Nevertheless, the phase shift is positive
and behaves like a resonance. The reason is that the off-diagonal elements of ay;
are comparable with or slightly larger than the diagonal elements, so that the
K*p elastic channel is coupled strongly with K4 and K*p inelastic channels.

o

0 5608 10 12 14 16 18 20 28, 1
)

Fig. 3(a) : The Argand loop of P; wave. The marked points are K* incident momentum.
(b) : The speed of the Argand loop.

§ 4. Concluding remarks

We have obtained the K*p elastic P;; wave from the information on the K4
and K*p production channels in terms of the three-channel N/D method. The
results are summarized as follows: (1) The one-pole approximation which stands
for a force in the K*p system is a good approximation to reproduce the experiment
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of these inelastic channels; (2) the phase shift of K*p elastic P;; wave shows
the characteristic features, i.e., the sharp bump and the associated broad dip, which
are caused by the strong absorption effect of the inelastic K4 and K*p channels;
(3) the resonance-like behavior appears with the mass 1860 MeV; (4) similar
features are found in D, state of p-p elastic scattering.”

As already investigated in § 3, the assumption that the P;; wave dominates
in K4 production is natural in our model and is consistent with the analysis by
Bland et al. The model also reproduces the K*p production data. However, the
assumption of the P,; wave dominance in the K*p channel is not necessarily
reliable on account of insufficient data on the K*p production near the threshold.
In order to investigate our model in more detail and to confirm the possible
existence of Z* resonance, we need more experimental data on the production
reactions of K'p system. Especially, we need the angular distribution data and
the partial wave analysis of the K*p production.

We will say that, even if Z* resonance exists experimentally, it is highly
inelastic resonance caused by the strong absorption through inelastic channels and
the resonance is coupled very weakly with the K'p elastic channel. This fact
means that (1) the main decay mode of resonance is expected to be the K4 channel
from the analysis of Griffiths et al. in which *P;; wave describes a counterclock-
wise loop in the Argand diagram,” (2) there is no contradiction to selection rules
forbidding the couplings of Z* with normal strength to K*p elastic channel, as
suggested by multiquark model incorpotating exotic resonances™® and (3) Regge
poles of the crossed channel of K*p elastic scattering should be approximately
exchange degenerate.
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