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The high statistics datal) for the line reversed reactions
‘ K p*K*°(890)n (1)
KoK *° (890) p (2)

at 4 GeV/c provide valuable information on the exchange mechanisms for K*
productionl’z). In particular, these data make possible the separation of
positive and negative G-parity exchanges. In ref. 2 it was found that
the data could be described simply in terms of exchange-degenerate (EXD)
Regge péles and non-EXD non-evasive contributions which have equal
helicity 1 natural and unnatural parity exchange components in the t
channel frame. In this letter we analyse the high statistics data for
the reaction K—p+(K_ﬂ+)n at 13 GeV/c3). The results for reaction (1) at
13 GeV/c, together with those at 4 GeV/c, then enable us to investigate
the energy dependence of this reaction. In addition,the higher energy
data enable us to determine not only the amplitudes for réaction (L),

but also for

K prK*°(1420)n )

so that we can also study the exchange mechanisms as a function of the

mass of the produced Kr system.

. v - -4
In Fig. 1 we show the 13 GeV/c t channel data for the K p>K 7 n
partial cross sections
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in the K*(890) region in comparison with the corresponding data at 4 GeV/c:



P is the laboratory momentum of the beam. We have normalized the 13 GeV/c

data so that the extrapolated (t=u2) value of S, is the same at the two

.

energiesj assuming a t-dependence of the form (-t) exp(A(t—uz))/(uz—t)z.
We see that 9% and o_ have a somewhat steeper t dependence at 13 GeV/c
than at 4 GeV/c and that the natural parity exchange cross sectiomn, 0,
for -t>0.2 GeV2 is a much larger component of do/dt at 13 GeV/c than at
4 GeV/c. This is more apparent in Fig. 2 where we plot the effective

trajectories, aeff(t), obtained from the cross-section components of

eqs. (4). The values of o ¢ for 9 and ¢_ (o, ) are compared in Fig. 2

with a linear m-B (Az—p) trajectory of slope 0.8 GeV-z.

We now study the amplitudes and exchange mechanisms for K*(890) produc-
tion at 13 GeV/c. As described in ref. 2, if only S and P wave Km production

are important, the data yield directly the magnitudes So’ Po, P,, and the

+

(Sy5 P.) and @, P)) relative phases. S, and P_ describe helicity zero

o’
Km production and, to leading order in the energy, the helicity one

amplitude combinations P_ = (P>\=1:."P>‘=_1)/1/2- describe K* production by

natural and unnatural parity exchange. The results of such a t independent

3)

amplitude analysis of the 13 GeV/c K_p+K—ﬂ+n data™ in the mass region

0.87<MK“<0.92 GeV are shown in Fig. 3. The amplitudes are normalized so that
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where the brackets indicate an average over the Km mass interval, AM.

1~The R*(890) region is defined by the mass interval O.87sM(K_n+)<O.92 GeV

- + . e -
at 13 GeV/c and by 0.84SM(K 7 )<0.94 GeV at 4 GeV/c. With this difference
taken into account, the extrapolated values of g, at the two energies agree

within 4%, well within the experimental normalization uncertainty.



We assume that GP, the P wave Kr phase, is given by a K Breit-Wigner
resonance form E@=893 MeV,_P=50 MeV, R=5 GeV“1 in the notation of

ref, 4] and that § is constant across the mass interval, The factor
I'/MM is included so that the normalization of ’LAIZ does not depend
on the size of the mass interval, y

To study exchange mechanisms we recall that the 4 GeV/c ANL data
for the line reversed K* and K* production reactions can be describedz)

simply in terms of the following exchanges

P = 1B
o
P = Ci(C'
- (6)
f_ 1
P+ = CxC' + Azip

together with a nucleon helicity non-flip contribution to the P, amplitude

i e . . . f
which is specified in terms of the A2,p contribution to P

40 namely

P+nf = %(Azip)/ -t' . )

The Regge pole exchanges (w,B), and also (AZ’p) are assumed to be

(strongly) EXD with a trajectory slope a'=0.8 GeV_z; the (+,-) signs

are associated with reactions (2) and (1) respectively. Thus the t

dependence of E* production can be parametrized as

-2
bc(t—u )
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P+ = Ceff - i(-t") gYAe
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wherefg = Geb(t ¥)e P | The factor -1 in P, occurs because oy —an=0.5.
2

We allow for S wave Krm production under the K*(890)'using
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where bS and the I=} S wave Kr phase, GS, are free parameters, and the
1=3 phase, 553 , is taken to be -10°. )
The curves on Figs. 1 and 3 correspond to this simple parametrization,
with parameter values obtained by means of least squares fits to the 13 GeV/c
K*(890) data for -t<0.35 GeVZ; they are seen to provide a good description
of the data and of the amplitudes obtained treating each t bin independently,
The values of the parameters are given in the table along with those obtained
by means of similar fits to the 4 GeV/c K—p+K—n+n data. The values of G at
4 and 13 GeV/c indicate that the experimental normalizations are in excellent
agreement, The variation in the values of b and Yo in going from 4 to 13 GeV/c
is in accord with Regge expectations, and would give aw'=0.8 GveV—2 and

oy —aﬂ=0.8i0.2. Moreover there is good agreement between'GS at the two

2
energies. For the non-evasive contribution, Ceff’ the values of vy, and bc

imply an effective trajectory parallel to, but some 0.15 above, the assumed
m-B trajectory.
The simple model described above and in ref. 2 is able to account

successfully for the main features of the energy dependence of K* production, as

well as of the t dependence of the 4 and 13 GeV/c data. This can also be seen

from Fig. 2 where the dashed line corresponds to the aeff(°+) obtained from

¢ 2)

the 4 GeV/c amplitude decomposition™ assuming the Ay-p trajectory lies half

The structure 1in ¢off (0+)

a unit above the effective trajectory for Ceff'

arises because the non-evasive contribution dominates at small lt] whereas

A,-p exchange dominates at the larger |t| values. For line-reversed K*

. . 2
production (reaction (2)) the medel”™

J .
predicts the aeff(c+) shown by the

dotted line; the more pronounced structure is due to destructive interference

between the Az-p exchange and the non-eavasive contributions,
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S, P and D wave Kr spin states. With the assumption of spin coherence at

the nucleon vertex, there are thus nine production amplitudes6) (So’P P,
o’ %

DO,D1+,D2+) to determine from the 15 measurable moments of the Kw angular
distribution (<Yi> with Jg4, 0<M<J). Fortunately the data suggest simpli-

fications which allow an amplitude analysis to be performed. The moments

-

with M>2 in the t channel frame are consistent with zero; this implies

D2+:0 and so we neglect these amplitudes+. Also the P wave amplitudes are

found to be small, as would be expected since the odd J moments are small.

A reliable estimation of the magnitudes of S , D , D1+
o’ o £

and (Do,Dl_) relative phases can thereforé be obtained from the seven

and the (S ,D )
o o

moments with J even and Mg2. However, in Fig. 4 we present the results
from a more complete analysis which uses all the observed moments (and
error correlations) and includes the small_P wave contributions. We
determine ]Pol and the phase Apzarg (PO/DO), but we specify P, in terms
of Dli*

Before comparing the K*(890) and K*(1420) production amplitudes it
is useful to fit the data in the i*(l&ZO) mass region in terms of the
exchange contributions of eqs.(6). The t dependence of K*(1420) production
is parametrized by eqs. (8) with (Do’ Dli) replacing (Po’Pt)' The
lower partial wavesT+ are described by relations similar to that implied
by eq. (9), namely

. 2
S iA_ b _(t-u) P
(o) _ s S (o] = P
-ﬁ—- =Y e .- D"'o Y e ( 10)

with P, included as in the t independent analysis. The K*(1420) parameters

listed in the table are obtained by fitting to the data for -t<0.4 GevZ,

Twe present results for data obtained with the M23 moments set to zero.

$We use the relations P+=(D1+/DO)PO//§'as expected from absorptive correc-



They provide a good description of the data and agree well with the results
of the analysis t bin by t bin as illustrated by the curves on Fig. 4.

The Regge exchange contributions to ﬁ*(890) and E*(1420) production
can be related by considering duality for Reggeon—pafticle scattering
amplitudesz) This approach predicts that the natural parity (Az-p) exchanges
should, on average, decrease relative to m-B exchange with increasing Kr
mass as

a_-a
2 \'m A -1
M, 2 M
From the values of Yp (and bA) we see that our K*(890) and i*(1420) ampli-

. . . 2
tude decompositions are consistent with this prediction for -t“0.3 GeV',

where A,~p exchange makes a large contribution to the cross section.

The non-evasive (or ‘cut') contributions may be compared with the

expectations of the Williams models), in which, at small t

¢S
Cw = - /EMK‘!T /‘I Ll" (11)
A@FD) u-t Lo(t)

is equal to 1. This model is equivalent to replacing the m pole contri-
bution, t/(t—uz), in the s channel overall non-flip amplitude by uz/(t—uz).
At =t"0.05 GeV’, we find G =1.12 at 13 GeV/c (C,=0.96 at 4 CeV/c) for
ﬁ*(890) production, as compared to CWNO.SS for ﬁ*(1420) production (see also
ref; 9). This corresponds to a suppression of the 'cut' effect with
increasing MKn' Similar Tresults are found for wm production where in the
p region CWWI.O as compared to CWN0.57 for f(2+) production6). No clear
understanding of this suppression exists.

In summary, we have used the high statistics 13 GeV/c K—p+K_n+n data-
to determine the ﬁ*(890) and K¥(1420) production amplitudes. Using the

1)

model of ref. 2 based on data ’ for the line reversed reactioms, (1), (2),



we were able to study both the s and t dependence of the K* production
mechanisms. A simple model based on EXD Regge poles together with non-
evasive contributions is found to give a good description of all features
of the data. Comparing K*(1420) with ﬁ*(890) production, we find that
the reaction mechanisms have a similar dependence on mass to that found

for the SU(3) related m p»pn and 7 p>fn processes6)
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Table

K*(890) K*(1420)
4 GeV/c 13 GeV/c 13 GeV/c
G 1.39+0.02 1.42i0.02 1.26+0.04
b 1.5 0.1 2.420,1 3.240.3
Y. | 1.24£0.06 | 1.46%0.06 0.62%0,07
¢ 20316 171#3 196+10
b, 2.0%0.5 2.140.4 -1.0£0.6
Y, 8.2+1.5 20.60.6 4.4%1,0
b, 2.4%0.6 2,6%0,2 0
8 484 41+2 1.03:0.09
bS 4.2+1 .4 0.8+0.6 4ot4
~1.2 $0.5
0.21+0,07
73+13

The parameter values obtained in fitting to K-p+K_n+n
data using the parametrization of eqs. (8) and (9) or (10).
'The units are appropriate powers of GeV except for G, which
has units of /mb GeV. The normalisation is for K. production

in the K n" mode; the amplitudes should be multiplied by

V3f to account for the K°n° decay mode.
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Figure Captions

4

Fig.

Fig,

Fig.

Fig.

1

The components of the K_p+i*(890)n cross section in the t
channel, as defined by eqs. (4), calculated from data at 4 GeV/c
and 13 GeV/c. The 13 GeV/c data are normalized so that oo(t=u2)
is equal at the two energies., The curves are obtained from the
exchange model of eqgs. (6-95 using the parameters listed in

the table. (The poor fit of the 4 GeV/c o_ for -t>0.2 is due

to a poor description of the large S wave component which

dominates o_ at these t values).

The values of o calculated from the K*(890) data of Fig. 1

20 eff
eff

using ovs , compared with linear Regge trajectories of

slope a'=0.8 GQV-Z. The dashed (dotted) curve is the prediction
of the exchange model of ref. 2 for the energy dependence of

o, for K*(k*) production.

The K*(890) production amplitudes in the t channel frame
obtained from the 13 GeV/c K-p+K_ﬂ+n data in the mass interval
0'87<MKn<O'92 GeV, The data for the points with dotted error
bars do not satisfy positivity constraints. The curves

¢
correspond to the model parametrization described in the text.

The K*(1420) production amplitudes in the t channel frame
obtained from the 13 GeV/e K-p+K—ﬂ+n data in the ‘'mass region
1'36<MK“<1'48 GeV. The curves correspond to the model para-

metrization described in the text,
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EFFECTIVE  TRAJECTORIES FOR K~ p—K*(890)n
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