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A b st r act 

f.lastlc scattering of ,\ -hyperons and K 0 -mesons was investigated. The elastic scntterlng 

cross sections have 1:-een estir1ated on the basis of the 20 observed events of the reaction 

A + p .. A + p and o! the IE events oi the reaction K0 + p .. K0 + p • 
I 1 

The angular and momentum distri butions of the scattered part i cles are presented. The experi-

mental data on 500·1500 MeV /c A-hyperon scattering are compared with the theoretical calcu­

lati ons. 
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,\-hyperon ·nucleon scattering has been so for treated In the only experirr.ental papelll which pre­

sents the data concerning two events of inelastic and four events of elastic scotterlnq. 

In this paper on attempt Is rr.ade to investigate elastic \ -hyperon and K -meson scotterrlna ·Jn pro­

tons. There were u:;ed ;\and K0 
particles produced In the Interaction of 7-8 BeV/c 11 --rresons with 

l /2/ 
hydroqen and carbon in the propane bubble chamber placed in to the pennanent maqnetlc fiel d 13700 

oersted in strenqth. 

Scanning and Selection or E vents 

There hove been scanned 70000 photographs. All of then have been twice scanned - once only 

with the nim o! finding the events of elastic A and K 0 scattering. The detecting efficiency of the events 
I 

required turned out to be 81 o/r. After the results of the n1eosurements have been anal ysed, there were 

sPlected 20 event~. satisfying the k i nematics of elastic A-p scattering and 16 events satisfying the 

ki nerr.atics of elastic K
0

- p scattering* (F ig. 1 ). The contribution o f the reactions which under defi-
1 

nile conditions may imltnte the elastic scattering of A and K 0 particles (background reactions) has 
1 

been estimated. For instance, one can consider the following reactions to be backQround 

n + P .. I 
n -+ ( I ) 

when A particle decays in the chamber, K ~ cannot be distingui shed from a proton, while the neutral 

particles carry away a small amount of energy (the K0 decays outside the chamber). By assuming that 

the cross section for strange particle generation in n · p interactions does not exceed 0.2 rr.b/3/, it has 

been obt<rlned that there must be observed not more than 10 events of reaction (I) on 70000 photographs. 

The n:omenturr. spectra of neutrons and K
0 

n:esons from reaction ( 1 ). calculated according to the sta­

tistical theory hove such a fonn that only 2% of all A- p scattering events may be odrrlxture from reaction 

( I ). At the same time, one con neglect the admixture of the reaction 

----- - - - - --• 
Al l the f!C&ttt' r f"ti 1\ hypt'tOnJIII and k ~ mf'I'One w~r f' p r oduced I n the <"han"b~ r . Thr r ~ h&v,. be•n 

lound 8 ev~o le ol 1\ hyp~rnn and G <>venl" o t 1<
1
° me8on ... .- .. u ~rlng , :\ hyp•ron" and I( ~ m<~,.on~< b•tng p r O· 

ducf'd out.stde thP t"'hamher. The~~ t"VPnte: are o resent~.-t <"n the M; raphl\ by fhe dashflld lfnt~~,.a. 
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if a large threshold energy of A particles necessary for this reaction, as well as the neutron spectrum 

after the reaction ore kept in mind. The recoil partlcl<.s in the selected events of elastic scotterinq main­

ly acquire the momenta of less than 1 BeV /c and are identified reliably as protons. Therefore, the reac­

tions of the type 

l(O +p .. A+rr+ 

K• + p .. K0 + "+ + n 

A + p .. II. +rr++ n 

cannot he background with respect to the processes under investigation. The kinematics of the reaction 

K0 t ( np } .. A + P is stronqly different from that of elastic scotterinq and, hence, this reaction will 

not be a background one either. 

The probability has been estimated of random appearance of a combino tion of particles imltotlnq 

elastic A· p or Kf- p scattering . It turned out to he 1.;. . 10-9 per picture. For elastic scattering events 

of II. and !<f par tides qeneroted outside the chamber, this probability is much greater and equal to 

1.6 . w-5• i.e., 1-2 events out of those identified as elastic scattering of A and K} particles hovinq no 

generation points in the chamber are the background ones. There have been constr ucted the inteqrol dis­

tribution of hyperons by their time of flight after scattering (rig. 2 ). This indicates that there are no 

essential systematic misslngs of the events. 

Cross Sections. Angular Distributions 

To determine the flux of A and Kf particles the cross sections for strange particle production In 

,-- p Interactions have been used141. A hyperons and KY mesons which decay via neutral modes, as 

well as K~ particles were not token into account. The cross section for A and K0 productl~n on carbon 

was token proportional to A2/3 , what is in good agreement with our preliminary results on the II. -

hyperon production cross section. 

The number of elastic A - p and Kf- p scattering events has been determined with account of the 

correction for the probabil ity of A and Kf particle detection after their scattering over the effective 

region o! the chamber and for the scanning efficiency. Systematic miss~ng of the events with slow 

( 150 tv~eV) recoil protons restricts the detection of small angle elastic scattering events (less than 18° 
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for h hyperons and 12° for K0 me:-:c-ns in the center-of-mass sys.tem, for the mean momentum of the Inci­

dent particle being 1 Bev/c). 

The number of h -hyperon and K} meson events of scattering on quasi-free carbon protons has been 

estlmoted In o manner like In pope/51, which was devoted to the study of elastic :rt hyperon scat­

tering on hydrogen In the propane bubble chamber. The error In the h -hyperon scattering angle Is In our 

case 1.5°, the error In the Kl scattering angle Is 1° and, therefore, the admixture from h-(p) scattering 

is 10% of all elastic A - p scattering events, while Kf-{p) scattering c;onstitutes 7% of the elastic 

Kf- p -scotterinq events. 

With account of the above-mentioned corrections, the cross sections for elastic scattering of h and 

K~ particles on hydrogen averaged over all the momentum spectrum are equal to 

u ( h +- p .. h +- p ) • ( 36 :t 14 ) mb 

u ( 1(0 +- p .. 1(0 +- p ) = ( 22 .! 9 } mb • 

By making use of the distribution by the momenta of the h -particles produced In "- - p Interaction~ 

(Fig. 3a), as well as of the preliminary data on the A -hyperon production In "- -C interactions we 

have obtained, it Is possible to estimate the cross sections for elastic scattering of A -par tides avera­

ged over smaller Intervals of the scattered particle momenta 

u
1 

• ( 42 :t 16 } mb 

o .. ( 303 15 ) mb 

interval: from 0.4 up to 1.5 BeV /c 
with the mean momentum of 1 BeV /c 

Interval: from 1.5 up to 2.5 BeV /c with 
the mean momentum of 2 BeV / c. 

The onQUlar distributions of h -hyperons and K!- mesons in the c.rp.s. are s hown In Fig. 4. As Is 
0 

seen, K1 -mesons show a sharp maximum In the forward scattering (Fig. 4b). In the anqular distribution 

of h -hyperons the predominant role belongs to A particles which ore flying In the backward direction 

(Fig. 4a). 

If the events In which the A -momentum Is large ore neglected, the dis tribution becomes more aniso­

tropic; out of 16 hyperons which have the momenta of less than 1500 MeV /c, 13 after scattering are flying 

backward and 3- forward. (Fig. 4o,c,d ). These magnitudes are given without corrections for the detecting 

efficiency . 
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Di scu ss ion 

rr and K -meson forces may give the contribution to elastic A- p scattering. Both the rr-meson pole 

and the exchange of two rr-mesons In the resonance state with T = I, J =1 are absent In this case. 

Elastic A- p scattering with the rr -meson exchange has been treated in/6/. By making use of the 

hypothesis of the 'global' symmetry for A -particles with an energy of about 270 MeV, the authors have 

obtained the total cross section of 30-40 mbs and the angular distribution with the preferential scattering 

of A -hyperons in the forward direction. Thus, even if a part of the small angle (up to 18° in the c.m.s.) 

A- p -scattering events is lost, the angular distribution of 1\ -hyperons in the c.m.s. obtained on the ba­

sis of the hypothesis stating that during the elastic scattering process a A-particle exchanoes pions with 

a proton, is not In agreement with the experimental distribution. 

Since, for 1\ -hyperon momenta of less than 1.5 BeV /c, the magnitudes of the momenta transferred 

from a proton to a A-hyperon are , in the main, small (up lC? 600 MeV/c;) , then 1t is reasonable to consi­

der the model of peripheral interactions in which the T = l/2 strange particle is exchanged (Fig. 5 ). 

The importance of taking into account such an exchange is indicated also by the experiments on I 

scattering against protons/51. Let us analyse the contribution to the elastic /\-hyperon scattering which 

is due to the exchange of K or K' mesonsn/ for different values of parities and spins of these partie· 

les. The calculations of such interactions were made for 1 BeV /c hyperons in the lab. system. As the 

calculations show, for the pseudo-scalar K-meson, the angular distribution in the c.m.s. must be asym­

metrical: most of the hyperons must fly forward. The total cross section is found to be u = 0. 1 ( _g; )2 mbe. 
4n 

When the scalar K-meson is exchange there must be a strong asymmetry in the angular distribution 

of A -hyperons flying mainly backward In the c.m.s., whereas the total cross section for elastic A-hype-

ron scattering on protons must be equal to 
2 2 

q .. 2 4 ( ~,. / 4tr ) mbs. In this case, both the 

angular distribution and the total cross section (by assuming the coupling constant to be 
2 

~ / 4 rr .. )) 
8 

are in aQreement with the experimental re:-;;.l~'r, obtained in the given note. 

When the K 1 -particle Is exchanged, the cross section has a rnuch weaker angular dependence what 

Is due to a larqe value of the K' mas/71. At the same time the cross sections for the vector and scalar 

variants are, respectively: 

2 2 .. 7 ( f I 4tr ) mbs q 
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2 2 
u,. .. S ( f,. 1 411 ) mba. 

/8/ b k The interaction constants of the K' with nucleons and A-hyperons can be estimated Y ma -

lng use of the data on the reaction rr - ;. p .. A + K0 

[
2 

/ 4rr = 0,3 -0 ,5 and l
2
!4rr • 5-10 , 

v ~ 

For these values of the constants, the magnitudes of the total cross sections disaqree with the 

experimental data. 

Thus , out of the variants we have considered, the assumption on an exchange of the scalar K.n.e­

son In the course of the A-particle scattering on hydroQen, Is In best agreement with the experimental 

results. On analysing the process rr + N .. A + K + rr the authors of191 hove drawn a simi­

lor result. However, this hypothesis contradicts the experiments In which the K meson is likely to 

behove as a pseudo-scalar portlcJe
1101

. This contradiction can be avoided if we assume the non-con­

servation of parity in ANK -interaction i.e., take a mixture of a scalar and pseudo-scalar In this lnte­

rattion. A slmllar hypothesis has been treated ln1111. To bring these results Into aqreement with expe­

riment provided that the exchange Is occuring via the pseudo-scalar K-meson one should assume that 

there is a great contribution from the non-pole graphs • 

For large momenta of A -hyperons (for instance, more than 1.5 BeV /c) (Fig. 4d) the scattered 

A -hyperons ore more likely to fly forward. This can be explained if the diffraction scattering is taken 

into account which must play on essential role at high energies and give a small contribution In the re­
gion where the Inelastic processes are absent. 

In view of poor statistics and a wide energy range of A -hyperons undergoing the scattering, the 

above mentioned considerations concerning the theoretical interpretotlon of the experimental data on 
elastic A • p ·scattering are only illustrative. 
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Examples of elaatic scatterint event• a) 1\-hyperona, b) 1<~-meeone on protons. At the 

point 'A' either/\ or 1<0 particle• are produced; at the point 'D' they collide with pro­

tone B; at the point •c• /\ or K~ -particles decay. 
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The integral time of flight dis tribution of ,\ -hyperons scattered on protons. 
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The momentum distributions of elastic events in th~ lab. system: :1) J\. p b) K~ · p -scat· 

tering. 
The histogram envelope presents the momentum distributions a) of A-hyperons and 

b) K~ -trtesons produced in 11- • p -collisions. 
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The angular distributions in the c. !1'.s. a) of .\ hyperons scattered on protons, b) ofT<.~ 
mesons, c) of:\ -hyperons, having the momenta between 500 and 1500 MeV/c, 

d) of,\ -hyperons having the momenta of more than 1.5 DeV/c before the scattering. 

fn Fig. c) a curve is plotted obtained on the basi s o f the model of the peripheral 

co llisions with the exchange of a scalar T<-particle. 
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