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ABRSTHACT: It is suggested that a phenomenological analysis using the
impulse approximation of the processes occurring in the scattering of
K+=mesons by deuterons may be used to get the phass-shifts for the
T = 0 isotoplic spin state., Typlcal curves are given for the elastie,
elastic plus inelastic ahd charge exchange scattering differentisal
LYoss S@ctioné of 100 Mev wamesons by deuterons on the assumption
that only 8 waves contribute and for various ratios of the T = 1 and

T = O jsotople spin states ph&semshiftse
INTRODUCTION

A1l ixisting experimental resultsl which give information on x*
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megon-nucleon scattering are consistent with an isotropiec and
energy-independent differential cross-section at energies between L
and 200 Mev, These results come both from pure hydrogen bubble cham-
ber and from nuclear emulsions experiments,

The pure ¥ meson~proton processes, as observed in hydrogen bub-
ble chambers, can only give information on the amplitude for the scat-
tering in the T = 1 isotopic spin state. At the energy of 100 Mew a
negative S-wave phase shift sin 6, = = 0,37 {with all the other phase
shifts equal to zere) fits well the observed repulsive potential at
low energles and the isotropy in the scattering, the total cross sec-
tlon being of Iim sin® 61/k2= 16 milibarns.

The direct and charge exchange scattering of Kt mesons by neu-
trons observed on nuclear emulsion material depend on the amplituas O
for scattering in the T = 0 state, as well as on the amplitude a, for
scattering in the T = 1 isotopic spin state. Agsuming charge inde
pendence;, in a material with a number of protons equal to f times the
number of neutrons the rate of charge exchange to total (non»coulomm
bian)} scattering is R = (al -a_ )2/[?(a§ +-a§ ) + ufaf ]. If there
is no interaction in the state T = 0, that 1s, if a, = 0, we get
R=1/6for P =1 andc R= 1/7 for f = 5/4. As the experimentally obe
served ratio is consistent with these values of R, it has been sug-
gested2 that at low energies only the T = 1 isotopic spin state is re-
sponsible for the scattering.,

These processes cbserved In nuclear emulsion give the only
available information on K' me son-neutron processes and on the con-
tribution of the T = O state to the K' meson - nucleon interactions,

- However the complexity of the emulsion mst erial makes the analysis

of the experimental results rather difficult, Deuterium bubble chen-
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bers and diffusion cloud chambers now in use provide a more convenient
sample material containing neutrons.

The impulse approximation3 has been used with success by Fernbach
Green and Watsonu and by Rockm.ore5 to express the differential cross
sectiona for scattering of pions by deuterons in terms of the ampli-
tudes of elemsntary processes of plons with protons and neutrons. In
Rockmore's formuiae the croass-gections for elastic, elastiec plus in-
elastic and charge-exchange scatterings of the m-~mesons by deuterons
are expressed in terms of thels and P waves phase=-shifts for scatter~-
ing in the charge independent T = 3/2 and T = 1/2 states of a plon-
nucleon system. Comparison of Rockmore results w th experiment6 has
shown the reliability of the application of the impulse approximation
to this problem,

We now then suggest that a calculation in impulse approximation
simllar to that of Rockmore, snd experiments on the scéttering of a
K" meson beam by the deuterium of either a bubhble or a diffusion cham-
ba2r be used together to get informstion on the phase shifts for the
T = 0 isotopic spin state of the x* meson=nucleon system,

In this paper we presént the formulae, which are analogous to
those of Rockmore, glving the differential cross-sections for elastie,
eiastle plus inelastic and charge exehgnge scattering of K* mesonsg by
deuterons., In particular we present the curves for these differen-
tial cross sections for K+ meaons of 100 Mev energy in the cases of
T =1, 5 wave only contributing to the scattering and of T* = 0, S wave
adding a small contribution to the above (two different signs in this
phase-shift are considered).

We have suggested explicltly the work with the positive K-meson

for the obvious reason of the greater simplicity (as compared with the
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negative K-meaon) of its intersction with nucleons., The absence of
adsorption processes greatly simplifies the phenomenological analysis
and in this respect, the K" meson interaction. is even simpler than
thaf of m=mesons.,

The multiple scattering and potentisl corrections to the impulse
approximation eeiculation have been shown by Rockmcr65.1n the pion case
to give contributions of opposite signs to the cross sections, so that
even 1f they cannot separately be neglected, their added effect seems
not té alter appreciably the values calculated in the pure impulse ap-
proximation., Since ths estimation of such corrections would neces~
serily be rather unconvineing, and since we have no reason to believe
that the situation is much worse in K-meson case, we have not tried

to evaluate them.
FORMULAE AND CURVES

Our notation is the same as that of FErnbachh and Rockmores,
Phase shifts are indicated irn a manner similar to that introduced by
Fermi, the first index being sither 1 or O according to whether the
isotopile spin state is T = 1 or T = 0, The second iﬁdex_is omitted
for S-waves and for P-waves is either 3 or 1 according to whether the

total angular momentum is 3/2 or 1/2.

3, = ‘.é‘ 8y QB(Ey-E,)

: L
the kinematical factors being those of a collision of a K-meson with

?
3 mfdﬂ q6(E, - E,)
i

where the kinematics is that of a collision of a K-mesen with a deu~

We define

a nucleon, and
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teron.
The curves are traced for 100 Mev ensrgy Xe-meson and for the

following set of phase-shifts. Curves labslled by A ¢orrespond to
sin 8, ® = 0,37, all he other phase-shifts set equal to zere (only
T = 1, S-waves contributing to the scattering). They correspond to
a ratio R of the charge exchange to the total number of pracesses
equal to 1/6 [for £ = 1),

Curves labelled by B correspond to sin 61 #==0e37, 8in Oow =0,1
and in this case we have R = 1/5., PFor the curves C we have sin °1 =
= =(,37, ain 8, = + 0.1 and R = 1/9,

The differential cross-section for elastic scattering is
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For elastic plus inelastic scattering we have
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and for the charge-exchange differential cross-section
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FIGURE CAPTIONS

Filgure 1 : Differential cross section Tfor elastie scattering of 100
Mev K-mesons by deuterons. Only S waves are assumed to
contribute. Curve A corresponds to scattering purely in
the T = 1 isotopic spin states, Curves B and C include

smaller contributions from the T = U state.,

Filgure 2 : Differential cross section for elastic plus inelastic .scat-
tering of 100 Mevw K+-mesons by deuterons. .Cufve A corre-
sponds to scattering ol S=-waves only in the T =1 isdtdpic
spin state. Curves B and C admit contributions from the

S8-waves 1in the T = O stete,

Filgure 3 + Differential cross section lop charge exchange scattering
of 100 Mev Kfnmesons by deutercns. Curve A corresponds
to scattering only in T = 1 state, Curves B and C are cal-
culated with small contributions from the S¥waves of the

T =20 state,
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ELASTIC CROSS SEGTION
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ELASTIC + INELASTIC CROSS SECTION
kKt+d — K+ d
AND Kt+d — K¥*+ n+p

CURVE A = T=1{,S- WAVE, SIN §-0,37

CURVE B = T=1,5-WAVE, SIN§,=-0,37
T =0, S- WAVE, SIN §03~0,1

GURVE C= T=1[, S- WAVE, SIN §,°-0,37
T=0,S - WAVE, SIN o=+ 0,



1.0

0.9

o8

o7

C.6F

0.5

04

03r

02

0.l

[0°

20°

30°

40° 50° 60° 70° 80° 90° [00° [10° 120° 130° 120° 150° 160° 170° |85
LABORATORY ANGLE ©,DEGREES
FIG. 3

CHARGE - EXCHANGE CROSS ~ SECTION
K'+d — K°+ p+p
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