Lawrence Berkeley National Laboratory
Recent Work

Title

A COMPARISON OF K* PRODUCTION IN THE REACTIONS K+n -&gt;K+n-p AND K+p -
&gt;K|n+p AT 2.3 BeV/c

Permalink

https://escholarship.org/uc/item/1w29m8b\

Authors

Goldhaber, S.
Brown, J.L.
Butterworth, I.

Publication Date
1965-09-10

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1w29m8bv
https://escholarship.org/uc/item/1w29m8bv#author
https://escholarship.org
http://www.cdlib.org/

UCRL-16396

University of California

Ernest O. Lawrence
Radiation Laboratory

TWO-WEEK LOAN COPY

This is a Library Circulating Copy |
which may be borrowed for two weeks. '
For a personal retention copy, call

Tech. Info. Division, Ext. 5545
\ .
A COMPARISON OF K PRODUCTION IN THE REACTIONS

ot -
Kt =K' "p AND K'p — K% Tp AT 2.3 Bev/c

Berkeley, California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Submitted to Physical Review Letters UCRL-16396

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
' Berkeley, California

.yl

AEC Contract No, W-7405-eng-48

\(

t
v

o | ; |
"' A COMPARISON OF K' PRODUCTION IN THE REACTIONS
» K'n - kTr7p AND K'p - K°Tp AT 2.3 BeV/c

\ g =
S. Goldhaber, J. 1. Brown, I. Butterworth, G. Goldhaber,
| A. A, Hirata, J. A. Kadyk, and G. H. Trilling

‘September 10, 1965

o

\ 75



1. | . UCRL-16396

: *
A Comparison of K Production in the Reactions
ktn - K+1r'p and K+p - K°1r+p. at 2.3 BeV/c T

S. Goldhaber, J. L. Brown, I. Butterworth, G, Goldhaber,
A. A, Hirata, J. A. Kadyk, and G. H. Trilling

Department of Physics and Lawrence Radiation Laboratory
University of California, Berkeley, California

September 10, 1965
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We report here on a study of peripheral K ) production in interactions
of K+ mesons with protons and neutrons:
+ - * ‘
Ktn - XK rp, Y

Ktp - Ko 'p. (2)

 We have observed marked differences in the distribution of four-momentum

transfer to the K and in the K decay angular d1str1but1ons for the two
reactions, The results are consistent with productlon of K #0 in Reactmn (1)
by thél exchange of an isovector meson (r), whilst production of K
Reaction (2) lérgely involves the exchange of an isoséala.r meson {(w).

This work is based on an anaiysis of 100000 _f)hotographs taken with
the Brookha.ven\‘ National Laboratory 20-inch bubble c%hamber filled with
deutenum and eixposed ina 2,3-BeV/c K beam at the‘AGS. ! The properties

of the rea,ctlons are deduced respectively from events of the type

K d ‘-> K T pp and K d - K°1r pn. The slower nucleon is defined as the

spectator and: is requlred to have a momentum less thhn 300 MeV/c.' With

,.\

th1s 11m1tatlon thg\a momentum spectrum of the spectator agrees well with

il P!
! #or K

that pxpected from the Hulthén wave function, and its angular distribution "
in thé 1aboratory system is isotropic. It is thus reasonable to consider ou¥

data th terms of the impulse approximation as 1mp11ed in Reactions (1) and (2).
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Our analysis is based on 1576 events of Reaction (1) and 602 events
of Reaction (2)., The cross sections for these reactions are respectively
(3.0£0.2) mb and (3.0%0,3) mb. 2 In Fig. 1 we show the Dalitz plots of
2 2
Ny V8 M K

each case, The cross sections for K production in the reactions

M - for Reactions (1) and (2). Strong K* p?oduct_ion is evident in
K*n ~ pK*™® (K*® = K'r") and K'p ~ pk™ (K™ = KOrT) are (1.440.2) mb
and (1.3£0.2) mb respectively. In Figs. 2a é.nd 2d we show the distribution
of the momentum transfer squared, AZK“, for events in the respective

K* bands:" (0.86 < MK“ < 0.96 BeV). 3 The data shown have not been cor-
rected for background effects. The shapes are not noticeably changed,
however, by such corrections. The dis_tributions are markedly different,
that for K*+ production being much broader than that for K*o. The dis-
tributions of the Kn scattering angle, cos Gpe? in the K* center of mass
(Figs. 2b and 2e) and of the Treiman-Yang angle, ¢ (Figs. 2c and 2f), are
shown for events in the K* band. The shaded region corresponds! to events
with AZK-n-s 0.4 (BeV)Z. 4 Here again a marked difference between the two

reactions is seen, particularly in the cos Cper distributions. That for K °

production has a large cos a term indicative of a dominant w-exchange

production process, while that for Km+ production is predominantly isotropic .

with a small si-’nzo. contribution suggesting that vector exchange is of im-
portance here.- We note that K*° production in Reaction (1) requires the
exchange of afx isovector meson and could proceed via w or p exchange or
both, whereas the K*+ productibn .in Reaction (2) requires the exchange of

a neutral mesé%fx and could proceed via the exchange of one or more of the
mesons m, o, w, and $. Our experimental results, discussed above, indicate
that different 8kchange particles dominate the two reactions and further-

more that p exchange is strongly suppressed in Reaction (1), where one
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would have expected a contribution four times as large as in.Reaction (2).
This laa.ds us to the conclusion that isoscalar exchahge must play an im-
portant part in Reaction (2), and that p exchange appears to be suppres sed
iﬁ K* production, If the Bronzan-Low quantum number is valid it provides
an interpretation 6f the suppression of the p—mes.on exchange. > Further-
more, this selection r.ule would éuggest suppression of ¢ exchange as vwell,
leaving the @ as the isoscalar exchange meson for Reaction (2).

A qaantitative analysis of the decay distribution is complicated by
the presence of isobar broduction in the two reactions. The difficulties are
.! seen most clearly in Reaction (1). The isobars N 3/2 1238), 1/2(1512),
and N*f/2(1688) may be present.in our data, but: they are not clearly‘ resolved
in the overall Mz(pv-) distribution (Fig. 1a). If MK-;.'“.. is. chosen to be in
the K* band, an the other hand (inner histogram of thé szw; ‘projection),
the N*°3/Z 1238) appears strongly. In fact it is seen}from the Dalitz plot
that the N’ 0(1238) is produced predominantly in the K band, indicative of
construct1ve 1nterference between the reactions K n -~ K p and

¥
K+n Lo K+N (12\'38). In the three-particle final state, cos aKv and Mpvr';

are correlated. ; The enhancement in the overlap region of the two resonance

bandé may thus be the cause 'of the forward excess inlthe decay angular
b

dlstrlbutlon, cos O‘K » shown in Fig, 2b, Alternatively one can argue that
the fOrward peak1hg of the cos e distribution is responsible for the ap-

parent construatlve interference. However, no such rn.a,rked decay asym-
metry for the I& ® ig observed in the reaction leading to four particles in

\ 5
' the fmal state K p- 4 S 6

i The thebretical curves shown in Fig., 2 have been- calculated by
Jack,scl)n et a1 taking into account effects due to absorpt:_ion. These curves

are rlio“rmaliz‘é'd.to our data for AZK < 0.4 BeVZ. 8 For K*o production
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only the pion-exchange proceés is included in the calculation. The curves
shown for the K’:‘<+ events include a m-exchange term and a large vector-
exchange term which may involve vector and tensor coupling constants at
the nucleon vertex. From charge independence, pion'exchange rﬁust also
be present in K*+ production, The Clebsch-Gordan coefficients, however,
reduce its contribution compared with Reaction (1) by a factor of four. The
relative strengths of the two vect_or—excha.nge‘ couplings are not known
a priori. Jackson et al. obtained a good {it to K*F production at 3 BeV/c, ?
with two different set; of values for the vector and tensor coupling constants.
The two curves shown in Fig. 2d and 2e correspond to the solutions for the .
two sets of values. In this experiment solution I appears to be a reasonable
fit to the data; solution II is less acceptable. The broad features of our ex-
perimental distributions agree well with the theoretical curves,

Finally, we have also evaluated the components of the spin-density

matrix for the two reactions for which we have forced symmetric%al solutions

" to the decay distributions, The values are shown in Table I,

| As may be noted from 'i‘able I, the real part of Pi0 for Reaction (1)
is quite large, which is indicative of the presence of ‘processes other than
the simple meson-exchange diagrams. Because of the observed asymmet‘ries
in the cosa distribution the description of the processes in terms of the
density-matrix formalism is not complete. We have therefore further ex-
amined the cor%‘elations between cosa and 4,

In Fig, 3 we sh;w these correlatiolns for Reaction (1), which is dominated by
pion exchang:la.._( ‘These correlations, which are to some extent reflected by
the value of Rje ;bio’ indicate that more complicated processes, in addition
to the domina":n:éiisimple particle exchange, are present in these peripheral l

et

collisions,

1
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Table I, Spin-density matrix element for K production in Reactions (1) and (2). a

. 2 L
Reaction N A K Poo Peq - o lie Pi0. - ..
+ %o 2 2 +0.08 +0.08
Kn-K " A%, <0.1BeV 0.55" 0" 00 -0.02" 008 -0.13+0.05
bgfez . - 2 2 4 0.05 +0.08
0.1<A% <0.3BeV 0,75 002 ~0.02" )07 _0.28 £ 0.04
2 £0.09 + 0.1
0.3<A% <1.0BeV 0.46 ¥ 027 0.0 00, 0,18 £0.05
+ 4 2 2 ' +0,08 +0.11
- <0, . : . -U, o
K'p>K 'p A% <0.3BeV 0.31" 0% 0.04% 000 0.06 + 0.06
L kox" 0.3< A% <1,0 BeV? 0.04 7 0-10 0.47 T 0-12 -0.09 £ 0.06
reea K‘[f . . ° _0.12, . _0.07 . : .

a. The figures given are corrected for background by subtracting the angular distributions for

events in the adjacent strips from those for the K strip. The corrected values are shifted from the

uncorrected ones by an amount no greater than the quoted errors.

96£97-THON
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" Fig. 2.
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Figure Legends

(a) Dalitz plot for the reaction K'n ~ K+-n'-p
(b) Dalitz plot for the reaction K+p-'> K°1r+p
The shaded histograms show Mp" for those events where MK“
o
lies in the K region, 0.86 < MK" < 0.96 BeV,
. . + *0 ] *o + -

Comparison of the reactions K'n—+ K "p, (K " - K = jand

+ ok SIS L o _*
Kp—-K p,(K —=K'nr) (a) and (d): Four momentum transfer
to the K, plotted up to 1.0 BeVZ, (b) and {e): Kn scattering angle,
@ gk jn K7 c.m., (c) and (f): Treiman Yang angle ¢K*' Shaded
histograms show angular distributions for events with
AZKn’ < 0.4 BeV.Z'.: The curves show the resi;lts of absorption
model calculations by Jackson et al.”normalized to the data for
A*Kr < 0.4 BeV?,
Correlations between cosapx and ¢K* for the reaction K+n - K"op,

" } .
(K'° — K+1r ). Shown are the scatter plot of COSApex V8 ¢K*’ the

distribution of COBQ % for different regions of ch* and the

distribution of ¢K* for different region of COSQ i 28 indicated.
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