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ON THE INVESTIGATION OF PION-HYPERON
INTERACTION ’



It is shown that thefunitarity of S matrix mekes it possible to obtain some-
inrormation on pion=hyperon scattering by analysing- the data on K meson-nucleon interactions,

The possitlity is discussed of the 1nveotigation of.r=A and F-Z 1nteractions in
studying the peripheral collisions of hyperons with nucleons.

The investigation of -pilon-~hyperon interactioﬁs is of interest especially foi‘analysing
the symmetry properties of plon~baryon interactions.

I. Let us consider the reactions

K+N = 1K+N el ' (18)
Kﬁ! - T (A) +3 (ij
T (N +F 2 (0 ~F ) . (Io)

in the region of suoh K meson energies in which the channels where two plons are produced
can be neglected. As the elements of S matrix for the reégti@ns‘(i) are connected by the
unitarity condition a question arises: "What information on the amplitudesiéf scattering

; ZU\)*.R *Z(AN+X can be‘obtaineyd frqm:therinviestigat:;oniof cross sectidns a.nd poﬂlo.;ifizatio_ns
in the prooesses (Ia) and (Ib)?" In the first part of the present paper fho‘attcnpt_is nade
to answer this question, A ’ . ,

In the following we shall assume that the spin of K meéon is zero and the spin of &
hyperon is equal to %. We shall consider then that the interactions are invariant under
reflection of space, time. reversal and roaation in 1sotop1c space.

The reactions (I) are described by the elements. of T matrix ( {T=S ~ I) diagonal with
respect the. the quantum number of the isotopic spin,
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where G.: (ag) - 1s the amplitude of scattering ‘KN K+N - 4p the state

vith the definite isotopic spin value 0/I/; K+¥ Qyy (Qgr) 1s the amplitude of the-



reaction KtN-» T +X . in the state with the 1sotopid spin 0/I/ and so on,

The spin-struotnre of the scattering amplitude quoan be repreéented in the form
Q, = A, +i(F[ART) By S o

where R(Wv is the unit‘veotor parallel to the particle momentum in the initial (f£inal)
state in the barycentrio systeh;* A‘ and"&* are two complex scalér functions of energy
and oz (AR, . '

" The amplitude.of the reaction 614? has the form

B A‘,_P + L(G[h kg) B‘l% . 4)
when the product of: the intrinsio paﬂties of all four particles in the initial (£inal) state

n-= +I y OT
Qup = Aup ER) + B (B3 o @

when fl =-I. Here A‘P and Bq,’ are two complex funotions of energy and of (i-i').

We analyse the oonditions of the T matrix determination from the experimental data,

It is seen fromv(ZZKJ),and (4) that the number of real sqélar functions in T° and T' matrices
s équal to 13x4=52. The invariance of 1nteraction'und9r time reversal leads to the symmetry
of S matrix; this decreases the quantity of funotions determining T matrix from 52 to 36.

One can make sure then thét taking account of the unitarity conditions of S matrix it is
possible ‘to .decrease the number of 1ndependent real functions by a factor of 2 and it becomes
equal to 18,

The same result is obtained if one use the general formulae I/.

We shall oonsider now what information oan be obtained from the investigation of the
prooesses (Ib) and (Ic). The number of real funotion oharaoterizing these prooesses 1s‘eqnal
to 5x4=20. They satisfy 4 unithrity réhtions. Therefore only I6 of them are independent,

‘ Table I presents 8 reaotions of the type (Ia) and (Ib) as well as their amplitudes.
Kg/Kildenotes the longlived (shortiived) K° meson; ink. is the:amplitude of K° meson
gcatteringlwhioh is determined from the analysis of K+ meson soatteling on_hucledns. We
shall assume in the following that the amplitude (ik. is already known.

In fact the reactions (o) and (d) given in Table I are the same process, Studing the
dependence of the scattering cross section gnd ;polarization after scattering upon the time

(that 1is, upon the distance to the target) one oan separately determine the amplitudes of
the reaotions (d) and (e).
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Measurihg the differential cross sections and polarization of pucleons in the reactions
(2),(b),(c),(a) 1isted in Table I we shall completely reconstruct the scattering amplitudes
0.;" and Q,: . Expériﬂental data on the cross sgétidn and pblariz‘afion‘ of hyperons in the
reaotioné (e),(f),(g),(h) together with 4 unitarj.ty relations make it possible to determine
the fam‘plitude‘d of the reaotions Q:: ’ Q.:: and QKA with the accﬁr’acy up to the common
phase factor. - ' ‘ < é ' ; ‘

As t}ze expressions for oross sections and pole.a.rizations"as well as the unitarity relations

for the reaotions (Ia) and (Ib) are invariant under changing

° 8. (&)
Rew e i (e Ux
L
Qiy = Gng
%o
Gur > € a«" i% isx
we cannot determine these two phase factors € and € which are the functions of the

energy oniy. The latter is obtained from the relations which are valid for the amplitudes
(4) and (4') due to unitarity of S matrix. o

Ag the number of 1ndependent real funotions in 79 and T* is equal to I8 and 16 of them
are determined with the accuracy up to two phase factors while investigating the processes (Ia)
and (I'b), to reco'n‘.struot oompletely the amplitudes of pion soattering by A and Z hyperons
in the states with isotopio spin ’_0 and I one needs to determine tﬁo more real functions €
. epergy and of (R-V\') ‘end two phase factors, - ,,
For each state with total momentum | and orbital momentum C=}'t‘/z one can writs the

matrix T° in the forms: |
O ué(a.aS;’)‘ -4 'i.?:luxp(:&:,_) |
i?&.e»tp@'ﬁi;) o sp asd-t | -

where 9‘ is some positivs functions of energy and S s the phases of the oorresponding
prooesses. ‘

From the unitar:lty conditions of S matrix it follows that

Tee = 5182
k2 8
g% = Su = {1- <9u>‘§ | | (&2
The values 9‘ ,5,‘,3“_ can be calculated with the accuracy up to the common phase factor

by studying the processes (Ia) and (Ib). The values . 9,?__ and 5' are determined then with

the same accuracy from the relation (8).
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‘I‘hus for ¥ -Z scattering the difference of phases in states with zero isotopic spin are
completely determined by’ 1nvestigating the reactions with K particles+)
For states with the isotopic spin ‘I we»have instead of (7)

Quesp (“S;) -1 ; ?&i op (‘S;i‘) C Qua ep ()
U Sus P (Bus) | ?iu‘?(""‘% -4 Qs w.? G 5a) -

? wA &)Lf’ (!i KAS ?il\ wf(syb ?A@L?U‘”Q - L : '

. i 4 . )
Here instead of §, (%.) we shall write in the following @ (5.) .
From the unitarity conditions obtain:

9L, +SE+Sinct 1 Sl ediv oL (10
eos (28 * 28~ 2D Ke) = By +(8xs 25)" - (Pun 9.7
) ) ﬁfz O« (g...,_).z- (11)
4 LSEA*QSK"S €A ‘Sy.:') - @M 9:/\)2’ * ,<9-s g’&z‘f’ - (9“7_ 92)2- ,
' 29ua P24 P uz (12)
tos (Lia+200n-25e = S22Qe +(9, @O = (Pri S (13)

2Pn S (Prn?

It is easy to make sure that even with known quantities @, Qe ,Qua Ok Okz * Cun
the unitarity relations (I10)-(I3) are not enough for reconstruction of T'matrix. One must
know one more parameter in each state (e.g., 9,_ ).

We note that relations (IO) (I3) lead to some interesting inequalities, Taking 1nto

account the fact that 9‘*, . and {08 <1 we obtain from (I0) and (II)
0 < gs'. <i- 9:1:-?;»\ <4- 9\2: | K ‘ _(i4>
| (Puey +(9ex 8207 - (Quaf* (- 0t - S5)| < 2020 (Ben)* (1%)

We introduce new notations 9:',_4-9:&50. ' O Q:,,_ g€ ; (%« qu - 9u (- ﬂ,_; =C
Then (I5) can be written in the form

lopd | < 2¢gs | (is;)

.

+) It may turn out that for performing the mnambiguity ana.lysis it will be useful to
take into account the Coulomb effects and the dependenoe of S matrix upon energy

It should be noted that for the reactions considered the Minami ambiguity takes place,

Some possibilities for determining the parity of Kmeson with respect to hyperons from
the analysis of the reaction (I) were discussed recently by Amatl and Vitale 2).



From (I¥) and (I4) obtain

Max fo; §-4Ea2 § < gy < M {V‘ -0 :-54._*0'3962-“93 :

Inequality (I5') ta.kes place only if el qc>o " Thus the observed values §x ’

must sa.tisfy also the latter inequality. In a.nalogy we have

- M&x_io; (6i-ac, }< ?; < M'“i"' Sez. '“ i . éi q‘c'f

. R ’ . o | ~‘. | ( z _._.'-—-7 .
Merfo, boa e § < ge <M ilim Bl @ eglac’s

‘where ' : 1 . .
G = Qv Quz = ;5 Pxafu Qe 5 CiF (8w Bez)” — Qug (4~ Quz)
s ?:ﬂ‘ng_';a- ' elz ?“(?ul\)ﬁ % ‘;; (9"9‘“)2 '_9\%5. C1’ 9:1\)

(16)

9“’\ and.?xg
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2. Recently Chew and Low, Olkcun' and Pomeranohukj/ proposed to oonsider the peripheral

collisions as a method for studying the interaotions between unstable partioles. He shall

consider that their method oa.n be used for determining the amplitudes o:E soatterin.g T 4T

~Z (£} «X in the investigation of the processes i0M~20\) N +I‘ § A+NSEeNax

L4

'.'L'he ma.in point ‘of the method is as follows: +the amplitude of the reaction T+N-+SQ) rr(+

which is considered as the funotion of ( P,. P,‘) where Pu (p,‘) is 4-momentum of aucleons

in the initial (fine.l) sta.te, ‘has the pole in nonphyeioal region (p.' “P)¥ wp

where 1s the pion mass, It is shown tha.t the virtual prooess .

-NAN+E 2N R £CA) +

?

(19)

oorresponds to the pole term t_he residue of which is proporticnal to the amplitude of

soattering J 2% (A) . Assuming that in the physioal region near the pole the reaotion £+A *-Z(ﬂ)f

“N+ % 413 determined by the process (19 one can extrapolate its amplitude into nonphysioal

réglon and separate the pole term residue,

To estima.te the- efi’ect of any other terms in the physioal region near the pole we shall

‘Phormulate some re.les which oe.n ta.ke plaoe 1f£ 4in this region the: oontribution of pole term

is predomina.nt

"A, In the region near the pole the amplitude of the reaction E'+p-p ezt

is equal. to that of the reactlion Z4p>pr5i® ¢ 7 ] .._',T.'his rule results from the invariance



of the virtual proceos

I°+Z"‘5‘-°“'i— (26),
under the rotation in. icotopic space. Similarly 1t is possible to prove that the amplitu\.ns

of the following processes are equa.l to each other. ,
TYapapeiteze . /\}49&“*‘3\',“*2‘( H P’F+‘°P”‘ AN
m\&z *’P “p RV ES Ly A-ep*kh-oﬁi*'@'z'f , P*J\' "P‘I‘ +5" and so on,

" B. Near ‘the pole the amplitude of reactions Z. (A)*P*E*(M'P'f" and £* (Ry+pZ T Rdopeid
are equal to »each-other. ‘This ‘rule results from the invariance of the virtual process (20)
" under the charge oonjugation. In our case it 1s of no ‘practical. 1mporta.nce but in other cases
it can be interesting, For instance, 1t is possible to prove that the amplitudes of'reaction
K:"J et en +ae are equal, This equality is important for determining the interaction
of K meson with» a pion and 1t was noted by Okun and Pomeranchu.k

"'Coe If in the initial states the nucleons are not pola.rized they remain unpols.rized in
the final state also.

We. shall consider the rea.ction of the type

+ > A+ *J"" ’
p AT e
in the region near the pole (Pz -'F 3 'J“"' ' . Let u}sc a}ssume that in this region the
process , ] : ' .
L o St A+TT ,'P."'J-\"'P"J‘—Jr V '
predomin‘é.tes,' the amplitude of whi‘ch 1s proportional to
Ty I (Ps R ‘ : o

CP&‘. P/b "j“‘z' ; ' - .
where f' =I, when the relative parity of £ ‘and A ' particles is {1 =~I; (" = X, ;
when T1 = + I; a-.'i'p is the scattering amplitude for p-o-J‘"-tp-rJ‘* o The a.mpvlitu«i‘o .

of the process (22) doec not contain the dependence of the hyperon spin when [} =-I, (more

exactly, it conta.ins the term proportional to G bu_t with small coefficient).aud»is Dro=

-

. -~
portional %o ( ."f-' where K is the unit vector parallel to the difference Fe _Fa

re Egthy - B My
when . =+I,

. I£ 4n the initial state Zf» ‘are polarized (polarization vector is P ) then with the
aim of (23) it is possible to prove that in fina.l sta.te the polarization vector of A -
pa.rticles C ') e

P =P
- g (24) .



whén } =-I and
Blo A (FK-P (24)

when N =+I,

Thus, if in.the region where the pole term 13 predominant one succeeded in measuring the
pola.rization vector of A pa.rticles produced in the reaction (21) with polarized = 1t
would be possible not only to eva.luate the effeot of non-pole terms but to obta.in data on
the relative parity of A and Z hyperons as well, _ v

The invéstigation of the pola:r:l.éa.tion of prodgcts in peripheral do;llisions cdn give, in
2 number of oases, some information oyn‘the pa.ﬂ.ty’of unsi:able particles"').

~The authors are grateful to Prof M.,A.Markov for valuadble discussions,

Table I

Reaction ' Amplitude
(a) Kep> K'+p | i (ac - Q)
() Ktp =K *h % (O~ Q%)
(6) WIepawi+p ' $ (- as)
(@) k3 P Kz *p x (a-vl . ﬁ,;) .
(@ Kopohox O
(8) Kap >z ax o (G O *+30x3)
@ e 3est ol
(@) wep> TTFT (R - 1) '

+) The possibility of particle parity determination in studing the periphsral collis:l.ons
without consideration of polarization was discussed recently by ‘I‘a.ylor
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