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ABSTRACT

Experimental results on the reaction m p - K*°(890) X° at 10 GeV/c
are presented. By using the Kﬁa‘:0 polarization-meaéurements, a detailed
study of the production has been carried out as a function of the missing
mass squared and of the four-momentum transfer squared to the K*D. We
found that: (a) K*U production is dominated by Natural Parity Exchange;
(b) K*U helicity zero production dominates the Unnatural Parity Exchange
contribution and (¢) the main features of the reaction are in agreement

with the predictions of the Finite Mass Sum Rules.
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1. INTRODUCTION

Resonance polarization measurements are usually made in quasi two-
body processes. Some analyses of the spin density matrix for resonance decays
have been reported for exclusive multibody final states [1]. Resonance
polarization measurements in inclusive channels also give information
which can be tested against theoretical predictions [2], but 11tt1e data

exist [3].

This work concerns the reaction characteristics of

- *, 0
mTp K “(890) X (D)
K+ﬂ_

at 10 GeV/c incident momentum where x® indicates the recoiling system

- %* %
associated with the K 0 resonance. The background under the K ° is

‘ %*
relatively low and we are in a favourable situation to measure the K °

density matrix elements. No such study exists in 7 induced reactioms.

The paper is orgamized as follows. The selection criteria for the
final state (reaction (1)) and some general features of the reaction are reported
in sects 2 and 3 respectively. Sect. 4 is devoted to the description
of the analysis method for the K*° oiarization measurements. A detailed
analysis of the d2¢/dt'd(MM?/s) cross sectlons(*) with its model
independent interpretation in terms of the exchange contributions together
with a comparison with the Flnlﬁe Mass Sum Rules (FMSR) are presented in

sect. 5, The results are gsummarized in sect. 6.

(x) t' = lt - tmlnl where t is the four-momentum transfer squared from
the incident T to the K*%: tgijp is the minimum kinematically allowed
t value for each event, s is the C.m. energy squared and MM is the
missing mass to the K*.
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THE DATA SAMPLE

The data come from an experiment performed with the Omega
Spectrometer [4] at the CERN PS, by triggering on a forward going K in
the momentum range 4.9 -~ 9.8 GeV/c. Details of the layout of the
apparatus and the triggering conditions have been given in a previous

publication [5] and are shown in fig. 1.

A total of 1 079 033 triggers was collected and processed through
a modified version of the pattern recognition and geometrical reconstruction
program ROMEO [6]. The events were then processed by the kinematics
program KOMEGA [7] where identification of the triggering particle as a
K+ was achieved by demanding that a positive particle, traced through
the Omega magnetic field, agreed with the electronic information recorded
on tape. Furthermore, to ensure maximum efficiency in the Cerenkov
counter, this particle was required to have a momentum in the range
5.3 - 9.8 GeV/c. The final sample consisted of 537 153 events,

corresponding to a beam flux sensitivity of 10.5 events/nb.

GENERAL FEATURES OF THE REACTION

Fig. 2 shows the invariant mass distribution M(K+ﬂ_), where a strong
signal due to the K*(BQO) is evident. In the missing mass squared
distribution to the K*u (fig. 3), besides the A°/Z°, there is clear
evidence of resonant state contributig&s from I(1385)/A(1405), A(1520)
and A(1815).

Since all negative charged particles associated with the vertex were
considered as w—, the main contamination to reaction (1) is due to a

wrong negative track assignment, coming from the reaction

Tp-+KEKX. (2)
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In particular, for low values of MM2(E 7 ) there is considerable ambiguity

between the reactions

mp K AL (3)
and

-— + -
mp~>KKn (4)

For events kinematically fitting reactions (3) and (4), a weight was
assigned as a function of M(K+w—), missing mass and t'. The procedure
followed in computing such a weight is discussed in detail in ref. [8].
This weight was used to correct events in the K* region for contamination
by reaction (4). 1In addition, losses of slow plons were taken into

account. Finally, events were weighted by the trigger acceptance.

METHOD OF ANALYSIS

%
The K ° polarization was measured by evaluating the density matrix
elements pij' Assuming S and P waves suffice for desecribing the decay,

we have

W, ¢) = % {1 + (pgo — P11)(3cos?8 - 1)

- 3p1-1 sin?8 cos2¢

3¥2 Repyo sin29 cos¢ (5)

+

2/3 RepigT cos®

= INT . 1
2v6 Rep sind cos¢f R
. . (*)
where (8, ¢) are the azimuthal and polar angles in the Jackson frame  °.
Checks have been performed in different t' and MM? /s regions which showed

that the contribution of D wave is consistent with zero.

(*) The notatlon used for the den31ty matrix elements is an abbreviated
171
version of the more general pJ1J2 notation where °; pij and
INT = 1707 mym,
is T~ Tio

1
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We assume i1n the following analysis that the P wave is dominated by
the K*G production and that the overall contribution to the background
from the channels with a misinterpreted K behaves like an S wave.

We have checked that, if in the first missing mass interval (corresponding
té K*OA/XD) the background from reaction (4) (which is the most important

one in this particular interval) is left uanweighted, the physical results

are not changed.

The trigger requirements introduced losses in the decay angular
distributions. .In particular there are regions in the (cosB, ¢) plane
with zero acceptance. For increasing t' these regions are generally
changing in shape and growing with MM?/s. The density matrix elements
can be obtained from fits to the angular distributions in the regions
with non-zero acceptance-using the linear algebra method [9]. To check
the reliability of the method we proceeded as follows. After fitting
each angular distribution we generated events according to the density
matrix elements found from the fits, imposed the geometricaL acceptance
and then resubmitted them as input to the fitting program. The pij thus
obtained agreed within the errors with the initial values. As a further
check on the ability of the procedure to recomstruct angular distributions
correctly despite the presence of zero acceptance regions, we have
simulated and successfully reconstructed angular distributions derived

from many different density matrices.

The events were divided ig}o eight intervals of t' and five intervals
of M?/s up to 0.204 (fig. 3)( ). The results obtained for the Py

density matrix elements are quoted in table 1 and shown, for each mass
interval as a function of t', in figs 4-8 and, for each t' interval

as a function of MM*/s, in figs 9-13.

The following observations can be made:

(a) (poo = p11) is dependent on t' (fig. 4) and MM%*/s (fig. 9).

Increasing values are generally obtained as MM?/s increases.

{b) On average, pl”1 remains almost constant for t' > 0.2 GeV? (fig. 5)

and decreases as MM°/s increases (fig. 10).

(*) Results for values of MM?/s above 0.204 are not presented owing to
'~ problems of large regions of zero acceptance and substantial background
under the K*(890).
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(¢c) TFor all t' and MM%/s the interference terms Repig (figs 6, 11),

Re ng (figs 8, 13) are small. We observe a tendency for ReQINT

to be positive at small t! (£ 0.1 Gev?) (fig. 7).

. DETERMINATION OF THE EXCHANGE CONTRIBUTIONS

In a given (t', MM%/s) interval, the demsity matrix elements pij
are related to the cross sections for production in S wave (og) and in
P wave, by Unnatural Parity Exchange (UPE) helicity zexo (UPO), UPE
helicity omne (OP } and Natural Parity Exchange (NPE), (UP ) by

- +

do

el I TS S N (6)
dg 1

Jor (Poo 011) = Op, T2 (0P+ + UP_) | (1)
4o 1

ac’ Pi-1 72 (GP+ 90 . (8)

For an exclusive channel these cross sections would be the squared
moduli of the corresponding amplitudes which could be extracted using

relations as given in ref. [10].

The do/dt' values in eqs (6)-(8) correspond to the number of events
evaluated from the fits to the angular distributions having taken into
account the correction due to the zero acceptance regions in the (cosb, ¢)

plane and the tails of the Breit-Wigner.

The results obtained for (poe = P11) and pl_lindicate that the NPE

part is dominant.

In order to extract Oy Op and OP from eqs (6)-(8) og must be
0 —
separately determined. This was obtained by fitting the weighted M(K )
mass distribution. The fit was done using a linear S wave background

(fs) plus a F wave relativistic Breit-Wigner (fP) of the form
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do « 22 .
o ) iyl

2 ‘ . .
where ag and a; represent the S and P wave fractions respectively. GS
was then derived from aé taking into account the correction for zero

acceptance regions.

The variation of the proportion of S wave to total S and P wave

*
cross section in the K region is shown in fig. 14.

The P wave differential cross section, the NPE and UPE parts for
different MM?/s bins are reported in table 2 and shown in fig. 15. The
*
unseen K ° decay mode has been taken into account.
We observe that:

(a) The dGNPE/dt' distributions have a forward dip. A good parametrization

of the do/dt' variation is obtained by using the formula

dgNPE

dt’

tT

= A(C + £")e P (9)

' -2
(table 3). The slope values b range from 5.5 to 3.1 GeV ~ as can be

seen in fig. 16.

(b) The dGUPE/dt' shapes are different from those of dGNPE/dt' and can

be fitted with a simple exponential. The fit results are given in table 3.

(c) The UPE dominant part arises mainly from the helicity zero contribution

{table 2}.

The cross sections integrated over the t' range (0. - 1.0)GeV? for
NPE (ONPE), and UPE with K* helicity zero (UPo) are reported in fig. 17
expressed as a fraction of the total cross section and shown as a function
of MM*/s. The dominant GNPE decreases from ™ 80% for low MM?/s, to

v 60% at higher MM°/s.

For reggeon particle scattering it has been demonstrated on the

basis of FMSR [2] that:
(i) The UPE to NPE ratio (R) at fixed t is of the form

RO /s) = (or?/s) *OnpE (")~ oppp(©)]
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where aNPE(O), QUPE(O) are respectively the intercepts of the
dominant trajectories for NPE and UPE. An almost linear
dependence of R upon MM?/s can be obtained assuming for NPE

and UPE the dominance of K* and K trajectories respectively
(aK*(O) = 0.35 and aK(O) = - 0.22). The experimental behaviour
is shown in fig. 18 where the ratio OUPE/ONPE, integrated over

the t ranges indicated, is shown as a function of MM?/s. The

dotted lines are the results of fits of the form
R = c + d(MM>/s).

The fits are summarized in table 4 and show that the slope d
decreases as t increases. The dependence of d upon t can be

represented by

-2
where A = (3.3 + 2,1)GeV  consistent with the values found

in ref. [3(a)].

(ii) The differential cross section distributions "anti-shrink” as
w2 /s increases. This effect is clearly present in our data

in the dONPE/dt' distributions (fig. 16 and table 3).

CONCLUSTIONS

* - .
K (890) production has been studied in a high statistics experiment.
*
From the K ’ polarization measurements as & function of t' and MM /s we

find that:
(a) NPE dominates especially for low MM /s .

% . .
(b} K ¥ helicity zero production dominates the UPE contributlomn.

(c) The FMSR predictions agree with the experimental data.
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TABLE CAPTIONS

Table 1

Table 2

Table 3

Table 4

Density matrix elements Oij as a function of t' and MM?*/s in
NT

IN I
the order: (pgq - 011),'91_1, Re p1y, Re pOST and Re pls

%
P wave K ° production cross sections as a function of t’ and
%
MM*/s: total, NPE part, UPE part and UPE with K ° helicity

Zexo.

Results of fits to the differential cross sections. The NPE
. . . . NP
contribution has been fitted with the form dg E/dt' =
et .
A(C + t")e bt . The UPE contribution has been fitted with

— T
the form do > E/dr' = ae PE'.

UPE, NPE
a

Results of the fits of R = ¢ / = ¢ + d(MM?/s) for

various t ranges.
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I I 1 I I
X b3 I X I I
f.084 , 103 I0.9,5 I .06 + .05 I 4.6 * 0.6 ¥ 92. * 30.IT 0.6s,6 L &.6 * 1.8 4.1 x 1.7%
I I I I I I
I I T I I I 1 x
I.108 , .128 I0.8,5 I .04 + .04% I &.4% * 0.5 I 01. # 30.3II 0.4s6 I 8.5 + 1.5I 3.1 % t1.0I
I I I I X I I
I ' b I X I T I I I
I.128 , .156 I1.2,% I .07 + .07 I 3.9 # 0.8 T @80. # 22.II 0.5/6 I 8.4 * 2.3I ‘3.2 » 1,21
I I I I I II I I I
I X I I II 1 I I
I.156 , .204 I2.045 T .16 + .04 ¥ 3.1 +# 0,9 I 9). # 60.3I 0.5-6 £ 20.7 * &4.4I 3.1 % 1.0
I I X I I iI I I I

Table 4

I ‘ 1 A I

I t Rmc:{GeVEE d I < IX%or 1

1 I I 1 I

I b I R I

I 140 £ ¢t £ 1.00 I 3.0+ .1 I -0.02 + 0,90 ¥ 0.3/3 I

I I - I 1 X

z - I I I I

I 150 < Jt1 € 0.30 I 6.1+ 2.2 I -0.19 + 0.18 I 0.1,3 T

I b I I

I S 1 I I

¥°.300 < It} £ 0.60 T 2.8 * 1.3 I ~0.03 + 0,12 X 0.2,3 %

I 1 i I I

I I I I I

I .600 £ It1 £ 1.00 I 1.0 # 2.1 % ©6.10 +# 0.22 I 0.1,3 I

I I I I
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FIGURE CAPTIONS

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

10

11

12

13

14

B L TINCT Y T TRTRIY P

Trigger layout at the Omega spectrometer.

+ - . . .
M(K'T™ ). The arrows indicate the cut used to definme the
%
K ° region.

¥
Missing mass squared to the K ° events selected with the
+ . + - PR
condition 0.84 ¢ M(K'T ) € 0.96 GeV. The arrows indicate

the chosen intervals of MMZ.

(oo = P11) as a function of t' for various MM?/s intervais.,
P,_, as a function of t' for various MM?/s intervals.

Repyp as a function of t' for various MM?/s intervals.

: INT . . .
Re Dos as a function of t' for various MM?/s intervals.

INT

"Re P, as a function of t' for various MM?/s intervals.

(oo = P11) as a function of MM?/s for various t' intervals

in GevZ?.

p,_, 3 a function of MM®/s for various t' intervals in GeVe.

Re pi1p as a function of MM?/s for various t' intervals in GCeVZ.

I . . . .
Re pONT as a function of MM?/s for various t' intervals in GeVZ.
s

Re pINT as a function of MM?/s for various t' intervals in GeVZ.
ig

Variation of the S-wave fraction as a function of t' for various

MM?/s intervals.
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FIGURE CAPTIONS (Cont'd)

Fig. 15 Differential cross sections for various MM*/s intervals: total (0),
NPE UPE
do T /de' (%), do T /dt' (+). The curves shown are the results

of the fits discussed in the text.

Fig. 16 Slope b in the exponential term of dGNPE/dt' as a function of
MM%/s (see eq. 9).

Fig. 17 Fraction of NPE(ONPE)

*
and UPE K helicity zero (OP ) as functions
0
of MM?/s. The values have been obtained integrating in various
t' ranges.

UPE

Fig. 18 The ratio R =0 /ONPE

as a function of MM?/s for different t .
ranges 1n GeV2. The dotted lines are the results of the fits

discussed in the text.
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