
nA60PATOPYISi SiLI.EPHblX nPOSnEM 

nAEOPATO.PHSi TciOPETH1.l .t::CKOI-1 <l>H3HKH 

D-141 

-0~ K + N .. A CI.) + y PROCESSES 

.ll y 6 Hil 1961 



L.I.Lapldos, Chou ~{ liang-chao 

0 HI 

"I'J K ~ ~ .. \ < ~ ) ~- y PROCESSES 



Abstract 

It I• ehown that eo me In forma lion on the A ( ! ) + rr .. A ( ! ) + y procee· 

'" mey be obtelned by lnYeetl~e l/ng the reactions K + "l .. A (!) + y. A detelled 

phenomeno/o~/ce1 ena/ysla of thue proceues In the S · slale fa made. 

The Kroii·RIIdermen theorem fe cona/dered lor the pion photoprod11ctlon on hy· 

perone neer the threehold, 
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I 

One of the most Important problems of the elementary particle physics Is the study of the interaction bet

ween the unstable particles. As far as there Is no target of unstable particles for this purpose we have to 

make use of the Indirect methods. 

In/l/, we have shown that with the aid of the unitarlty condition of the S- matrix It Is possible to estab

Ush some relations between the matrix elements for the processes f: + N .. K + N , i + N .. rr + A ( I) , 

and A (I) + rr .. A (I)+ rr • Therefore, one Is able to get some data on the processes A ( ~ )+ 11'-+A(l:) + rr 

by making the analysis of the cross sections and of the baryon polarization in elastic scattering and in the 

reactions involving I( -mesons and nucleons. Analogous results have been obtained by other authors/2,3/. 

In/2/ and especially ln/3/ a method has been developed for a detailed analysis of e lastic scattering and 

I( -meson interaction with nucleons in the S -state. From the available experimental data one succeeds In de

termining the difference between the phase shifts of the S -waves of rr - I scattering in the states with the 

lsospins I • 1 and I • 0 . 

In order to obtain some information about the electromagnetic and strong interactions of hyperons we are 

considering here the processes 

(1) 

The unitarlty conditions of the S-matrix lead to the fact that the matrix elements for the processes 

rr + A ( ! } .. A ( ~) + y are found to be connected with the matrix elements of the processes K + 'lj .. A(I) + y 

For the sake of slmpllclty we treat the reactions (l) in the S-state only. Let us use the method of a K-matrix 

developed in/3/. 

D 

To consider the problem it is convenient t.:> make use of the symmetrical and hermitian 1( -matrix which is 

expressed in terms of the T -matrix by means of the relation 

lC • T - irrlCpT"' T - irrTp K (2) 

where p is the density of the phase volume for the intermediate states with the fixed total energy. For the 

two-particle (binary) reactions with a definite value of the momentum the matrix p has a diagonal form. 
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"l!th the relativistic normal:zatlon ol the wave functions the diagonal ele-nents of the p matrix are equal to 

p ~ _jln K 
nn ---

7T F: 
(3) 

where k is the relative Momentum of particles in the c.m.s.; \In is the baryon ·nass in the intermediate sta-

te; E Is the total energy of the system 

E • ( K 2 + \1.? ) y, + ( K 2 . ._ m 2
) y, 

(4) 

If we introduce the notations 

ll l r ll I 
K' .., rr p ' 2K p 2• T' '"' rr,I!Tp 2 

(5) 

then Eq.(2) may be put as 

K' • T' - i K'T' ~ T' - i T'lC' . 
(6) 

Frorn (6), we qet 

T' • (l-iK' )"1 K' =lC' (1- iK' )" 1
• 

(7) 

3eing expressed in terms of the T' -matrix, t he cross section for reaction (1) in the state with the ciefinit~ 

value of the total momentum J and the parity is equal to 

(1 ( i ... i ) s /~ 71- ( J + ~~ ) 1-.:: j I T' I i > I , . 
K 2 

Let us consider the su b-natrlces of t he introduced K- and T - rnotr!ces. We designate therr. by 

a~d( lll P<.J KN> 

B,.,d( "l' I K I Y " > 

+ -
(3 .. < Y"I K I T<'b 

y ~< Y" I K I Y" > 

{ ~< KNI K I Y y > 

-~~--< Yy i X I K N > 

, YTT ! I( ' y , 

TK,r < X"l' I T I X"l -

Td'' < i<N I T l Yrr -> 

TYI(= < Y " I T I i( "l > 

Tyy~ < y 7T I T I y 7T > 

TKY = < i( "l t T t y y > 

'I),K= < y y I T I i{ "l > 

Try~ ' Y " I T I Yr > 

(8) 
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'~ < y y I K I Yy > Tyy ~< YyiTI Yr > (9) 

We denote the submatrlces of the K ' - and T ' -matrices by t he corresponding letters with the primes. I n 

what follows the submatrlx (which Is, at least, less than other ones by an order, is neglected. 

If i ntroduce the notations 

~ 
8 = ( > ) ., 

then we can write down 

It is easy to get from (5), (7), (10) and (ll) that 

where 

-1 ' T -1 · 1 •T · I 
T~I( = O -iZ' ) /3 0-ia' ) =0-i y' ) /3 0 - i X' ) 

·1 -1 · 1 
T' - 0-iX' ) e"+i(l-i'<') /3'0 - i y' ) 11' Ky 

· 1 ' T · 1 · t 
T~.~ iO - i Z') (3 {1-ia') .;• 1 0 - i Z' ) .,• 

m 

(!0) 

( 11) 

(1 2) 

(13) 

In our discussion i t :-ufflces to take into account the electromagnehc interact!cn In t he first orclt-r of the 

perturbation theory by consiclerinq separately the contr ibutions of the lsosc:Jlor and lsovector parts of t he 

electromrrqnetic interaction. 
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L , · '-~ :~tart with the i soscalar current. In this case the total isospin I - 0 for the system A+ y and i - 1 

: : r '£ ~ y ·· t~m. We denote the matrix elements with the lsoscalar current for the processes K + N .. A(I ) + y 

. · \ l ~) " .. ,\ ( '£) + y by ~ 1~ , ~ ~ , '7.~ .and '7~ , respectively. In the case of the lsovector current the 

:eta ~ :sosp:n I ,. l for the system /\ + y and I - 0,1 for the system'£+ y . The corresponding matrix element~ 

are :llsignated by ~ 1 
, .;~ , .;~ , '7

1 
, '7! and '7'! . 

\ - - /\ ~ -' 

Let ur ~ons!·~P.r the :-hannels wfth ·he lsospln I ..., C). In t hEs case the submatrlces a , {3 andy arc slr.>piy 

r >1r-.:-c r:- . ·\ ! •he s~n:e tlr:le (3) can be rcduceJ to t he forrr. 

X : a + i rr .B 2p '£ I 0- i n} p I ) .,. a + i b 

a =a-
n JfJ Yrl.£. _ 

- , . 2 2 
l ~TTf>'£Y 

· he~f' 

2 
rr.B p'£ > 0 

h = . • 1' 2 
1 + rr•p! }' 

.>.,y suhsti'.l;tinq (14} i nto (12), we get 

.. . r,;:-r~ 

T' - (1-i X' ) ' 1 X'~ rrp ( a0 + ib0
) \·

1 
KK K 0 

E : "7 v. Ph (hO )~' e'"~ .\-1 
~K K 0 

tg..\! "" "YPI; \ o : l-irrp (a 0 +ibO) 
K 

(14) 

(15) 

(1 6) 

!N·nulae (16) for the processes i( +'I .. K + 'I and K •· 'i .. I+ rr have been obtalnerl by many 'authors/ 3/, 

Let us .. ...-r lte down 

T' .. p r < 1-i x·rl ~ i'7 T O-i r 'f1.B' r O-i x·rL 
yK • 

•Hd 

( 

0 

1/T ~ ( \'£ 
11 0 

.::~ 

T' 
\ yK 

r·~} " 

) . 

Fror:1 (14), (15). (16} and (17) it is easy to qet thr; 

~T = ( 
cO 
·, '\K 

~0 
' l:K 

( 17) 
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(18} 

Let us not"' thot T '\ ,. , T~. " and T~K }"' .y, ~ 
have almost the sarr.e energy depenience in the low energy re-

glen where ( unrlcr the ass umption that the relative hyperon parity is positive) it is possible to neglect the 

enerqy dependencr> o! t h0 1uantlt les p_ , p , p and p ~ . 
· 2. A yA Y·-

Now Wf? are proceedlnq to th0 consideration of the channels with the isospin I • J In this case y and fJ 

are the rr~a trices 

y .. ( Y \ 1\ Y~ •. \ ) 

Yi\! Y!! 

It con be easily checked that in this case also X is shlply a cor:~plex number 

where 

a 1 - a _ 17 fJ p 'h ___ 1__ )' 'p v, ;3 T 
y 1 -1 y' 2 y 

1 'h 1 
h - "fJ p -·---- ---

y l .. y' 2 

It follows !ro"' ( !2}. (1 3) , (19}, (20) ond (2t) thCJI 

where 
\ 

1 
~ I - i11 p K (at + i h1 ) 

17'/p Y.bY, eM\K - < \ j ( J-iy' )"1 {3' T t l( · . 
K \K 

(19) 

(20} 

(21) 

(22) 

(23} 
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while the quantities bi\lcand bile are connected with b 

bAJC + b!.JC = b 
(24) 

If we represent the matrices ~ and 71 in the form 

~=(~Ax ' ~Ix) 

., ., 
.,~( M !A ) ' 

(25) 

'
1AI 71:0: 

then the matrix elements ~Ak , T~IIc take on the form 

-r;,i\,(ITP~i\P~ \":[(/\K+i1jA:\IT~ P';\ ~KeiA,\K+ 

(26) 

+ i71 IT~p~ b~ el).! ] 
AI I !K K 

cmd 
T'~ = 1Tp~p~ \"1[J.:... +i?k'•IT~ p~\ b~\ eiAAK~ 
y-K y..c. K 1 'ol.K '"-'\ I : K 

+ j1j~ IT~ p~ btx e'A!K] 
(27) 

For simplification, we introduce new notations 

aA• IT~py~[.f,\x +i.,oA~IT~ P~ (If)~ e lA:£ ] 

a I. • IT ~ pyi [.fiX+ j1jn IT ~ p; (bO )~e lA_I] 

1 ~ ~ [ /:I • 1 ~ ~ (b 1 ) ~ IA:\K ~ 
a A "' IT PyA "'Ax + 1 11 i\i\ IT p ,\ AK e ' 

• I ~ ~ (b 1 ) ~ IA:£K] 
+'"~A! IT P-r, !.K e 

a 1 
• IT ~ p y, [ .f 1 + i 71 1 IT ~ p ~ ( b 1 ) ~ e IAAK+ 

! yi !K !A A AK 

+ i71~""1T ~ p~ (b 1 )~ e 1,\Ix] 
~ .. I.x 

(28) 

a'1 
I 

'1 .\ 
.. IT~ p'h [ ~ ... +i71'1 IT~p~(b1 )~ e "'Ax + 

yi ..C.K !A A AK 

+11j~~IT ~ ~ (,_;.. ')~ •',\'£.K) , 
- _, .1-K 
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with the airl of which the cross sections for processes (1) :nay be put as 

Process 

K-, p ~ '£ 0 ~ y 

;zo 111 ,,:o 1 }' 

i(CI I p • !~ + y 

Cross section 

Thus, the experimentaHnvestiqation of the K + "l ... A (I) ~ y processes in K + p and i( + d coli i 

sions may yield so:ne information about t he matrix elements a;\ and a~ . Of course, it Is insufficient for 

reconstructinq the :natrix elements ~and 'I which describe the photoproductlon of pions on hyperons. ;-!ole 

the less, they :nay prove to be useful for studying the hyperon interaction with pions and photons. 

IV 

d. poweeful method for analysing s trong interactions is that of dispersion relations ( d.r. ); the use of 

which allows In some cases to ql"t interesl1nq result.; in the" low energy region. One may think that the me

thod of d.r. Is applicated to the pholoproduction of pion:; on hyperons. 

In this note we restrict ourselves to the generalizo•ion of t he Kroll-Ruderman theorem for the photopro

duct:cn of pion::; near the thrcGhokt/4/. 

Let us assuonc that \ and I hyperons have posili ,:e rel<Jtive parity and the K -meson is pseudoscalar. 

In the low energy region of the produced particles it suffices to take into account the lipole radiation. T he 

generalized theorem of l(roll-Ruderman states that up to m" /, , ,. 15'0 tthe matrix 'I for the electric jipole 

transition is co·r.pletely determined by the coupling cw~s:.Jnts of ~Ions with hyperons. 

"le write -:lawn the pion-hyperon interaction Hamiltonian as 
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+ ig "'"'[ ( I y! -I+y I.+)ITc>+ ( t y! IT+ - ! y! tr"")+ 
-.. - •- 1 + 1 o -•o 

- - + + (I y k!ri"- I y I. tr"")] + h. e. 
0 J 0 I 

Following the Low method/ 51, one cnn obtain thcrt 

0 
'I .\~rn"/\f l 71!.\ - lllJT/ \f l 71!!- m"/ \f 

._, '1 
71 l.A • 71 A! • "12 a lri £ IA [ 1 + 0 ("'"/ \f) 

'l 'ri I 0 rt'IIT 
71II.• a f ll[ 1 + 0 ( lllJT M ) ] ; 71 I.l'"" 'ir , 

where rn IT is the pion mass, \f h1 the hyperon mass and a = eZ/ 4lr = 1/ 137 , f ' "' g f&r!\f • 

(29) 

(30) 
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