T aar——r o = —

- ’ Loo. 128 -2¢3

MASTER

*
K_(890) Production in the Charge Exchange Reaction

E'n + E¥p p at 9 Ge¥ie.t

I Cords, D, D. Carmony, H., W, Clopp, &. F, Garfinkel
F. F. Holland, F. J. Loeffler, H. B. Mathis and L. K. Rangan

Purdue University, Lafayette, Indiana 47907

J. Erwin, R. L. Landexr, D, E. Pellett and ¥, M. Yager

University of California, Davis, Califormia 956lb

We L. Yen and F. T. Heiete
Indiand Universicy-Purdue University, Indiapapelis, Indiana 46205
L]

{ Received )]

*
The dominant production mechanlsm for the reactiom Kn -+ K {§90)

is p-exchange and the energy dependence of the ¢ross section i3 found

-2 .-2
lap *

not reproduce the rapid decrease of Cao 25 a function ¢f the four momen-

to be proportionsl cto P The conventional absorptioe model doeas

tum transfer. The Regpgeized rrﬁz model of Dass and Froggatt reproduces

the t-dependence of P00 and Re P1p but there 13 serious disagreement for
P11 which may indicate the need to include Al exchange. The asymmetry

in the decay zngular distribution 1s interpreted as 5-F wave interference,

1, . Introduction

In thias article we present results from our analysis of the charge exchange
redction
K*n -+ Ko p | (1
at 9 Ga¥/c. MWe obtained 3882 eventa of this type from spproximately 280,000 pictures,

taken at the Breokhaven 80" deuterfum £illed bubble chamber exposed in an z.f,
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saparated beam., ‘This corresponds to a microbarn equivalent of 8§ events/pb.

The most dominantly produrced meson resoniances are the K*{Bgﬂ} and K*(Ihzﬂj, as
coan be seen in Fig. la. The Kn mass distriburion in Fig., la was fitred with & super-
position of twe Breit=Wigner distributions and a smooth, hand-drawn background,
achieving a confidence level of 847, The fit gave masses of §93 + 2 and 1416 * 6
MeV, widthe of 53 * 7 and 144 + 22 MeV, and cross sections of 61 + 9 and 66 * 10pb
for the K*(BQD) and K*{lﬁﬂﬂ} respectively. The cross sectionE contain a 53
correction due to the Glavber screening and the Pauli prineciple, but no corrections
for unseen decay modes. Fig. 1b shows the pm mass distribution (unshaded for all
events), From the shaded prwr mase distribution in Fig. lb (ﬁKw < 1,5 GeV) it seems
likely that baryon rescnances, 1f present, constitute only 4 small background under
the K* peaks.

*
2, E _(H90) Production in Charge Exchange Reactions

#
The production mechanism of K (8%0) can be studied by investipating the energy
dependence of the charge exchange reactions
%
K*n = K C(890)p (2)
- 'kn
Kp =K {890)n {3)
dnd by &nalyzing their decay angular distributions.

2.1 Energy Dependence

*
We have compared che predictions of the absorption m:ndell’2 with the K (&%0)

data. The absorption model predictions were calculated within cthe formalism

given by Jackson and collaboratcora using basically their preacription for selecting
the parameters.3 The absorpcion parameters vary with the type of reaction &nd with
energy, Figs. lc and 14 show the differential cross seccions for the 3 GeV/c CEEN
d&taﬂh of reazction (2) and our data at 9 GeV¥/c for the same reaction. Events with

a K7 mass between 0.8% and 0,%% GeV have been selected. Not only the shape of the

t=distributicns is reproduced correctly, but aisn the change ic the ¢ross section

by an order of magnitude is accounted for. The enexpy dependence of both charge

exchange reactionz (2) and (3) is further jllustrated in Fig. 1f, where we present



a compilntinn4’5 of cross sections for various incldent momenta (uncorrected for um-
seen decay modes), The full circles stand for reaction (2} and the open circles
for reaction {3). The full and dotted curves ars the absorptiom corrected n-
exchange salculations for reactions (2) and (3) respectively. Since the total
cross aection is higher for K p than for K¥n colljsions, the absorption effect is
stronger for reactiom (3), and consequently the predictions for reaction (3) in
Fig. 1f (dotted line) lie below the predictionz for reaction (2) {s¢lid Yine),
However, for incideat momenta above 5 GeV thig efifect is of the order of or smaller
than the errors in the experimental ¢ross gections. We observe a rough agreement
between the experimental dzta and the model calculations. This agreement leeds us
to conclude that m-exchange 18 the main characteristic of the production mechanism
for reacrions (2% and {3)}.

The decreaze of the absorption wodel predicted cross section with increasing
ingldent momentum iz glower than Piib’ expected for unmodified m-exchange, The
data pointas show, on the contrary, a4 somewhat faster decrease than Piib’ and
consequently support & Reggeized parameterization for n-exchange. Since there is
no apparent distinetion in the behavior of reactions (2) and (3), we fitted ail

p -n
experimental cress sections in Fig, 1f with the function o = A(—%EE) where

Po = 1 GeV/fe. Assuming 15% experimental errors in all cases the ;lt gave A = 9.2
* 0.8 mwb and n = 2.24 £ 0,15 with a confidence level of 46% (see dash-dotted line
in Fig. 1f}., The observation, that the cross sesctions for reactions (2) and (3)

are equal within the present experimental ervors, excludes any major contribution

for odd C-parity exchanpges, like p-exchanps, in & model Independant way.

2.2 Production Density Matrix

* -
For the X {890} with epin-parity 1 rhe decay angular distribution is decer-

mined by the production density matrix, The density matrix elements have been
———

cileulated in the Jackson frame using the method of moments. Events were taken

having & KW effective mags between 0.84 and 0.9 GeV. In Fig., 2 the density matrix




elements are presented as a function of the momentum transfer squared -t and
compared to the absorption model caleulatfons, discussed in the previocus section
{golid line). The experimental values for Pao decreass much faster than the
abeorption medel prediction and show a peak rather thanm a dip for small momentum
transfers. The agreement for Re Pig is fair, and again some disagreement is
observed for p; , at |t| values abeve 0.1 cev?,
In addition, these density matrix elements have been compared to the
Regpeized m-exchange ce2lculations of Dazs and Fruggatfﬁ who include a amall amount
- exchange, The dotted and dash-dotted curves in Fig, 2 represent the evasive

2
and conspivatorial solutions, respectively, The t-dependence of Pao I5 much betctex

of A

reproduced by these Regge model caleulacions than by the absorption model, sand the
agreement for Re P10 is comparable in beth cases, Judging £rom the peaking of the
experimental o0 distribution at small momentum transfers and from the zero-value

of the experimental Re Pig peint in the lowest bin, the evasive solution seems to

be slightly preferred.? But such a distinction is far from being definite at the

present stage of experimental accuracy.

There is a surprigingly large discrepancy for Pl.1 between the Regge model
caleulations and the data, in particular for itl values above 0,2 Ge?z. The fact
that the experimental walues of fy.1 are compatible with zero over the t-range
considered, implies that matural apd upnatural parity exchange in addition to m-
exchange have to occur in eqgual amﬂunts.8 Therefeore, this discrepancy may give a
hint that 1& addition to Aj-exchange some unnitural parity exchange with spin equal
to or larger than 1 has to be included, Ar-exchange may be 3 suitable chuice.g

This point should be the sublect of further investigation.

*
3. Interfergnce Terms in the K {890) Decay Correlations

. ¥

After having discugsed the production mechanism of the ¥ ($90) one can turn
to the detailed structure of the decay amgular distribution. Both models dis-
¢usged in the previcus section predict a symmetric decay angular distribution.

Bur this symmetry is not observed experimantally, as has been reported earlier.ﬁa’ﬂb



In Fig, 2 we present the Jackscn and Treiman-Yang angular distributicns of the

Em system in reaction {1} for the K*(EQO} reglon and for twoe adiacent contrel
regiona, The distributions in the K*{Bgﬂ} region show 2 strong forwerd peaking
in coo g, and a strong deviation from isotropy in ﬁKn‘ A tentatjve explanation
of this behavior would be a double Regge mechanism consisting of Fomeron= and
meexchange as Llluatrated by the diagram in Fig. le. Accordiog to a genfecture
cf Hﬂrari,lu this diagrem may provide a general type background for the Km system.
Calculations along cthis line, performed by Fu11 for the reaction K'p -+ K*m a**(1236)
at 9 GeV¥/c, show that a distinctlive feature of this type of background is a for-
ward peaking in the Jacksen angle distribution and an anisotropic Treiman-Yang
angle distribution,

Just these characteristics are ebserved in the K*(BEO) Tegion. But to be
aure about the origin of these effects one has to look at adjacent sontrol regions
a3 well, The lower region haz only faw events and the upper contrel region ShﬂWSI
4 backward pezking in cos BKn_and isotraopy in ﬁKﬁ’ just the opposite expected
from the double Regge exchange, One might-still argue that conatructive inter-
ference changes to destructive interference as the masa of the Kn system increases,
But it is hard to see how the strong anisctrepy in ﬁKﬂ should w&nish at higher
Km magsea, vhere the deuble Regge exchange is thought te become increasingly
important, We therefore rule out the interference of K*{EED] production with the
double Regge mechaznism as very unlikely,

In fact, the double Regge type background isz probably negligible in the ¥m
mass tange below 1.5 Ge¥. 1In Fig, 1b the pm mass distribution for events with
HKﬂ £ 1.5 Ge¥ is showm as the shaded histogram. N excessive low ph mass
enhencement, characteristic for double Regge exchange, is observed in the shaded
histogram. This mechenism way be of some minor importance in the K*{lﬁzu) region
and certainly dominates fur Kn masses above 2 GeV,

In order to explain the asymmetry in the K*(EBG} decay angular @istribucion

we turn te the traditional spproach assuming an interferemce of the P-vave with an



S=wave background. We use a parameterization of this interference applied

L3
12 . nd K¥(890) production in reaction (3)°0;

In addition to the density matrix elements in the preceding section, Re FEET and

earlier to p° production in np - pn

Ra pigT are introduced which represent the interference terms between 3= and P-

wave. Since Re pégT is the coefficient of the cos § term in the angular distribu-

tion, it accounts for the asymmetry in the Jackson angle distribution, Similarly,

Re pigTaccuunts for part of the anisotropy in ﬁKﬂ" Iz Fig., 2 we present in

addition ro the density matrix elements, discussed in the previous section, the

5-F wave Interference density matrix elements. The interference terms are

definitely different from zero in the ]t| range from 0 to 0.4 Gevz.
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Figure Captionhs

Fig. 1: (2) K'n mass distribution fitted with a superposition of two Breit-

{b)

{c)

{e)
{f)

Fig. 3:

Wigner distributicns and a smooth hand-drawn background for masses
below 1.66 GeV,
pn mass distribution for all eventa and, shaded, for events with
Hl("'.rr“ < 1,5 GeV,
and (d) dg for K*n 4-K*{59n)p far 3 and 9 GeV/c respectively, The
curves ar:tabaolute predictions of the absorptiom model of Jackson et al.
Double-Regge disgram ipcludipg Pomeron and plon exchange.
Total cross sectiope for reaction Ktn 4-K*{890}p {full eircles) at:
2.3 Ge¥/fe (ref, 4a), 3,0 GeVic {ref. 4b), 9.0 Ge¥/c (this axpt.),
12.0 CeV/c (ref. 4c); and resction ¥ p -+ K*{Bgﬂ}n {open circlas) at:
2.0 GeW/e (ref. 5a), 3.9 Gev/e {(ref. 5b), 4.1 GeV/e (ref, 5e),
4.2 Ce¥/c {(ref. 5d), 4.6 GeV/c {ref, 5L}, 5.5 GeV/e (ref, 5¢),
10.0 GeW/e {ref. 5e), 11.2 GeV/c {(ref. 5f). The full and dotted lines
are the predietions of the absorption modal for the firse and second
reaction respectiwvely. The dash-dotted line is the fitted functiom
a(p) = 9‘2(3122)'2'2ﬁ.

Fs *
Density matrix elements for E*n -+ X (290)p at 9 Gev/c. The full
curves are absorprion model predictions of Jackson et al. The dotted
and dasgh-dotted curves are Regge model predictions of Dass and Froggatt
representing the evasive and conspirationzl selutions respectively.
The S5-wave interierence, represented by Re p;gT and Ra png, iz nat
talken into accouynt by the meodel caleulations.

*
Jackson and Treiman-Yang angvlar distributions in the K {890} region

and in two control regions.
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