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In#estigation of the K+ nucleon reactions has previouely been focussed on
' the determination of the phase shifts in the T = land T =0 etates through the'
,E»Study of the elasﬁic scattering and charge exchange proeeeses.l:2Meaeurements
of ﬁotal elastic and’inelasticﬁeross_sections at energies g:eater than approxi—~
mately 1 BeV indicate'thet a large fraction of the cross section is via inelas;
pic channele.L 3 A notable feature of the Kf-p interaction is the epproximate |
.independence of the to£ai cross section with.energy up tq abeut.Aae: L BeV.
The experbnenfal éfrangement of'the.Bevetroh separa%ed Kf beam and the
L.R.L..lS” bubble chamber has been discuesed'inidetail before.u’5 With two
1stages of.electrOmagnetic senaration,.a K+ beam with :. about Q‘Z'VO.5%-
. contemination of llghter partlcles (st, W, e) wa's obtalned at 6k2 MaV/c. At
810 MeV/c, the contemination was of the order: /35% of which - abowut
cne half were iz mesons. The total numbers. of photographs uaken were LO 0CO.
On theleverege the incidenﬁ beam cont&ined'?eK%emesons per pulse. |
&

The incident beam momenta were determlned from measured ranges of stopping

‘decay products of the K meson, yleldlng the values P = 642 5 NeV/c and

Work done under the auspices of the U. S. Atomic, Energy Commission.
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810 = 6 MeV/c. In the kinematical analysis of each event we made a weighted

average of this "beam average" momerum, and the measured momentum of the incident:

track. R

Fach two prong event in hydrogen was analysed for kinematical conéistency .

: . |
with elastic K scattering,
X +p - K +p .~

end the inelastic pion production reactions

P

K p - K+ o+ I (a)
X +n o+ o (o)
K+ p o+ (e)

In each case, the fit: of the measured quantities to the kinematics of pion

\

elastic scatteriﬁg and single pion production was also ¢kamined. Visual
estiﬁates of bubble density”of the reaction_brdducts were made in many cases
to:distinguish among the various reaétions. The classification of the eveﬁts
- &s examples of oge (or more) of the possible processes was made on the basis

of goodness of fit to the kinemaﬁical constraints together with ﬁhe ioniiation‘
estimates and the further requiremént that the measured incident particle momen;
tum be less than three standard deviations from thévaverage. Examéies'of
reaction (c) with the subsequent decay x° - ‘ﬁf:+,ﬁ—‘iwithin the bubble
chamber are identifiable:with complete, certaint§ sihde the incident momentum
is:below threshold fér'ﬁhé-baékgréundﬁreéctibn%:#fﬁ+,p_,» Z+‘% x° %»n+.




The scanning and the measuring of the deuterium events followed the same

_general procedures as for hydrogen. Here, however, the problem of distinguishing

The pion production events was more difficult. - Among the background were not v

only theiinteractions of incident pions, but also the K scattering and charge

exchangé. t was not possible to uniquely classify any events yielding only

twoﬂéharged varticles. Thus, of the possible inelastic reactions,

B " - . +
K++ D - X »p

= 7%_ ®. A
a S < . © o

=

b

Py

D

only ('), (e), (£), and (g) yield unambiguously classifiable events. In

fact, the X° decay must also be observed in order to make apn analysis of

2 (n)
< (a)

< ()

< (p) .’
)

° (p)

7 (p)

i

(e)

(a")
(o1)
(e?)

(g)

fexam;les of (c*), (&Q;Aand (£). 'Examples-df'x+,broduction .[(c’) and (e)l

were distinguished from charge exchange °

K +D - x°+

Ty requiring a fit to the kinematics of‘the:reaCtion as well as ilonization

o

\

p+ (p:)_:.“

estimates of the outgoing tracks. The same requirements were imposed on the
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ﬁo pfoduction although an ambiguity with the Xkinematics of thé éharge excla nge
reaction is only possible if the KO is produced backward in the lab sysﬁem.
. In fact, no such cases occurréd. Thus the samplé of pion procduction is
essenfially free of any contamination of charge exchange events whiéh might -
simulate inelastic processes. -For reaction (g) the principal difficulty in
analysis results from the pioﬁ contaminétion in the incident bean. It»pered
possibié to separate events of the type x; +p = ﬂ+ % p from the K#
interactions in all but one éase. As evidence of this we point 6ut that with
 the observed number of pion events, 75, and the cross section fbr thé_process-
(assumed equel to that for % n - oxow p)6, 16 mb., a pion contamination
of k.3% was calculaﬁed. This is in good agreement with other, independent,
estimates discussed by Stubbsygt a.]..:L

In all énalysis.We presume the validity of.impulse approximation, in the
' sense that the second nucleon is alépectator to the interaction of K+ with
ithe neutroﬁ or proton.. We thus consider all events to bé'eqpivalent to
iexamples of interactions with freé nucléonsf; |

We list in Table.I the observed humbe{\of‘eveﬁts of each type. The total
numbef.of hydrogen events is 96. in:deuterium there were 92 events, 69 of
‘which were inferactibns with neutrons. |

The cross sections, fof the proton reactionsvlisted in Table I; are
“obtained directly from'the numbers of eféntsLA The errors quoted included
jthe statistical undertainty.ahd an estimate of the.errors_due to ambiguities
‘in identification. To-ob#ain the cross éections for the.ﬁeptron interactions,

corrections.must be made fof:thé“unobserved exemples of the reactions yilelding

>
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neﬁtral K mesons which do not decay withih the bubble chamber. We correct
for the fraction of K°'s decaying inté neutrals (0.30.% 0.0k), and via the
leng~lived modes, (0. 55. Geometrical correcﬁiohs for Kpldecays outside thg
chamber are negligiblé;  | | |

For tﬁeVhydrogen'interactions we obtain an inelastic cross section,

at 810 MeV/c

|

- The inelastic deuterium cross section, for the observed modes only is

' = 8 = 0. }
o} D L 2Amoj
- which is, of course, a lower limit to the total inelastic cross section.
+ B . : ! . ’ ’ . c.
The cross section for K -—n,- obtained from the number of event in the identified -
modes. 1s

o't = 1.0x0.2m o

. N o s SRR, S . N s '
which agein 1s only a lower limit for the XK -n interaction.cross section.
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Table I

Inelastic Pion Production Events and Cross Section

Reaction - Nunber of Events. ~ Cross Section (mb)
@)k  +p~X +p+a° . 22 0.22 £0.05.
) = =K 4n+x Sa1% .. . U 0,11 % 0.0k
//‘/ - g)- + p + Tf+ . ) : 2)4- : ™,
. : /
\ - b
(e) < Lo 4 x 7 0.64 = 0.08
. o ,
ig/- - x° + P + x ' 29%% /}"
(eM)K" +a~%] +p+a + (a) 25 . 0.77 £0.20
(&) »xam+w +(p) i 7 , . 0.27 £ 0.1k
£) . ﬂnKi +p+ 0 + (p) - 6 E Co . 0.23 = 0.1k
(&) K +p+a - (p) o S5 © 0.51 %0.09
. ‘Included are two events consistent with ﬁ+ﬁ+n
R Included are two events consistent with (b) or (c)

e . . NN
R Included is one event.consistent with x xt p
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In Teble I we presenﬁvbranching ratios for the variousvpién production
vmodes for the Kﬁep and K&—n interactions. The branching ratios observed are
not those expected from  purely statistical considerations but are determined
by the dynamics of the reaction and presumably are affected élso by_final state
interactions.

In the K#;p interactioq the final state K° P n+ is the dominant mode.

In the K%;n interaction the K+ p x  state is the dominant mode. In ofder to
gain sbme insight into these phenoména we have efaluated the branching ratios
on the simplified assumption that the final state interaction is dominated.

by a speéific two—particle state.  In Table II we present the reievant two—
particle states we have considered here. Column two gives thé expected
relztive intensities if a T = 3/2 7l state were to dominate the final state.
Whereas the production cross éections for the K&—p channels are consistent with
: this assumption, the K+N cross sections do not agrée with it.

The expected relative intensities for a dominant KN interaction in the
T = 0 state is given in Column three. The experimental data cannot be repre—
sented by purely such a state. Finally in.Column four we give the relative
intensities for a dominant Kx interaétion in the T = 1/2 state. ~To this final
s?ate interaction both initial isotopic.spin state T = 0 and T = 1 contribute.
The computed relative intensity fo&;the X~p system aslwell as for’the X—n
system are consistent withvthe expefimental data. The latter also allows
‘the determination of A, and A .

I fihal state interactions are importaﬁﬁviﬁ thes production reactions,

one might expect correlations among the energies or .angles of the outgoing
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Table IT
" Relative Intensities for Assumed
Dominant Two Particle State
. I KN g K=t ¥ Cexp
_Reaction (T = 5/2L‘ (T=0) { (r-= 1/2) (mb)
'rl+ + O . j ,{ ’ : .
K*p - K'px 2 1o pomb 0.22 £ 0.05
’ ~ ' i !
4+ : P
K nx 1 2 .0 § 0.11 % 0.04
o 4+ : r‘ . % 2 | ' '
K px 9 2 E .8Al ; L 0.64 = 0.08
T o__+ § ‘ §
K'n - X nx 1 0 2(A1 + Ao)2 0.27 £ 0.1k
! " y . v
o_o 1 L
K%pr 2 1 (a, - a)? f 0.25 % 0.1k
+ - . » 2’ % S
K px 1 0 - e(A1 - Ao) i 0.51.% 0.09
+ 0 E ] S !
K" 2 )1 (ay +a)% -
R N N YR g I e o e T LT S A L R S A s AT AR ; - R e fant é R o

4

e A T T e g ]

Table II -~ Relstive intensities for the various KNn systems on the simplified'

assunption of é dominant two particle state'in the‘fihal state interasction.
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particles. To this end we plot Figures 1, 2, and 3 the diét;ibution of

7

. . + . -t
invariant mass of the two~body systems produced in the K —p reactions. In

Fig. 4 are similar plots for the neutron reaction. Comparing the observed

" distributions with the Lorentz—invariant.phase space indicatedron the figures,
we see a pérticularly ;trong deviation in Fig. 1 for the KN (T:O) mass distrif

“bution, and a somewhat weaker déviation from phase‘space in Fig. 2, for the |
Kn(T = 1/2) mass distribution. All other mass. distributions are consistent
with those predicted from phase space. A Dalitz plot of pion versus nucleon
kinetic energy is shown ianig. 5. Agéin welsee_a clear concentration of
Ko P x+ events in the region ofghigh n+ energy. The plot does not indicate a
strong concentrétion along lines parallel to either axis nor'along a diagonal
line of con;tanf k° energy (constant s—p éffecfive mass). It is interesting
to note that there dbes-not seém to bé any effect of the (3,3) nffp resonance

.(M (mp)=1238 * L5 MeV). The boundary of the phase space region for M*(ﬁﬁp“>

| effective maés is at a value of 1207 MeV, indicated on the diagonal line of

~ Fig. 5. No variation of density. of events near the boundary is observed.‘

. . . 1,8
In conclusion then, as we have stated earlier,”™

J'We obsefve branching
ratios consisﬁent with a K—n interaction in the T = l/2 state. This intensity '

l.distribution'fogether with the suggestion‘of a peak around M(Kn) = 720 MeV
which we observe, would bé consistent With:a reéently suggestedg~ Kx resonance
at this same eneigy. .The piominence in the effective'mass distribution

ME(KIW) = 1480 MeV would as far as this distribution alone is concerned be

nost readily explained by'a]K}nucleon::esonange:in thé T = 0 state.




~10-"

Here it should be noted that the reflection of a Kx state on the M¥
(x7) mess distribution contributes to the low méss side and cannot in itself
explain the M¥ (KN) = 1480 prominance. It thus seems to us that -additional
'dynamic effects must be responsible for the observed deviation from phase
space. The interpretation of the prominance as é KN resonance suffers,
however, from a number of difficulties. Firstly, the intensity distridbution
-in the various modes shown in Table II do not follow & distribution with the
Xl state as a major mode. That couldvbe due to intgrference-between-the
.various amplitudes. The more serious diffi¢ulty is that the presence of
such a resonance ﬁéuld require a cofresponding Increase in the K+n
. CYross section at PK ¥ 280 MeV}éQ Actually measurements are only available 2’5
at 230 £ 40 MeV/c and 330 = 20 MeV/c. A resonance in the usual sense would
lead to appreciesbly hiéher cross sectioné in the‘K+dlcharge exchange.reaction _
'than‘observe§ at the aboye menticned momenta.lu Only the assumption .for a

\ : . . ‘ . +
rather narrow resonance which has been missed by the ava}lable Kn

charge‘exchange data'éould possibly be reconciled with this interpretation, .
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Fig. 1

. Fig. 2

Fig. 3

Fig. L

Fig. 5 .

Figure Captions

The effective mass distribution for M* (KNY. Included here are
also events from’'the reaction K" +P>K +n + x+, for which
the KN. state with T = O i1s also possible. Here, as well as in
the following figures, it should be noted that due to the motion
of the nucléons in the deuteron, the phase space for the events

coming from the K+d interaction is broader. The phase space curves

‘shown refer to the K H interaction in all cases.

The effective mass distribution for M* (Kx). Included here are

also events from the reaction Kf + P »-K+ f\ﬁo + p for which the

| Kzt state in T = 1/2 is also possible.

The effective mass distribution for Nﬁ'(pﬁ+). .

The effective mass distributions for the three final state two~

body combinations in the reaction K  +d =K + % +p + (H).

A Dalitz plot for the XK' + D K° + D+ %" events from hydrogen and.

deuterium. .Plotted 1s the total energyzin the cm for the ﬁ+ meson

versus the proton. Alsb shown are the mass scales for M%,(Konr

and M¥ (K%p). Along the diagonal we indicate the M* (xp) values. The

dotted diagonal line corresponds to'the'halfﬁvalue point of the

ﬁfp.§/2.5/2:xe§onahce.',1""
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