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SUMMARY: The weak photon decay of hyperon 'in which the initial
hyperon decuys into a baryon and a photon is e;umingd. The lowest
order pertﬁrbatibn theory estimates on the three parameters required
to describe the ingular distribution of the decay products is made
assuming weak derivative coupling (vector minus axial vectqr)_for
hyperon mucleon pion 1nteraction togethsr with the |AI] = ¥ rule

in the isotopic: gpin space. ' The theoretical rate of decay seens

to be higher than the experimentally observed rate.

# Supported in part by the Conselho Racional de Pesquisas of Brazil.
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1., INTRODUCTION

The two-body pionic (and three~body leptonic) decays
of hyperons are experimentally known. We study here another less
frequent two body mode in which a hyperon decays into a photon
and another baryon with a change of strangenessl, first studied

by Kawaguchi and Nishijimaa,

y-—y' +n

Such decays should compete favourably with the leptonic decays as
the recent experiment of Quareni and Vignudelli3 shows. They
observe three cases of ZZ+ into a proton and a photon with a
branching ratio, compared to the neutral pion decay of the order
~ 1%.3

The above mentioned photon decay proceeds, assuning
the pion mode of decay to be primary, through a combination of
weak and strong interactions; with an intermediate pilon-baryon
system. A perturbation theory éstimate was done recently by us

using intermediate vector meson4 and by Behrends5

assuming a weak
plon~baryon interaction of scalar and pseuddscalar type

('FZ (a + b’?s)‘Pl ¢) and the result of the vector and axial
vector coupling case was derived assuming an equivalence theorem
(footnote 9 in ref. {(2)). Howvever, Umezawa et. al.6 have shown
that the (S + P) intercction doez not give the correct asymmetry
parameters in the pionie decays. Moreover the equivalence theorem

does not seem to be justified when the pilon-baryon pair is in the

intermediate virtual state.
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The recent experiments on hyperon decays seem to support
fairly well the hypsthesis of dirset weak nion hyoeron interaction
of the vector and axial type? (derivative coualing)s:

with the additlonal assumptien that the |aT} = u rule? is valid in
the isotople spin spaéé. Thé lowest ordexr perturbation calcula~-

~ tion with these assumptions is presented in section (3) amd the
resulting branching ratios under various constraints on the coupl~
ing constants are given. in section (4)., Before proceeding to
perturbation calculation we aiscuss in éection (2) the general
form of the mat;ix olement for the process considering the Lorentz
invariance.and the eldgetromagnetic gauge invariance and the angu-

lar distribution in the case of polarized particles 1s discussed.

2. PHENOMENOLOGICAL MATRIX ELEMENT: ANGULAR DISTRIBUTION OF DECAY
PRODUCTS¢

The most general form of the matrix element in the
momentum space 1s easily written down; requlring the invariance.
under the Préper Lorentz Group and under the eiectromagnetic gauge
transformation., The only gauge invariant combination possible
using the four maomentum kp and the four polarization €, of one
free photon 1s f,, = (€ y ky = €, ku). The antisymmetric tensors
avallable from the baryon current with the initial four momentum

n, and the final four momentum n, are (ﬁz ul)(an n,., —'nlv nzp)
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5%, Uy and R Y5 Opy Uy e Hence the matrix element has the general

form

T= #1204+ BY.) (k%) (€.) ot (1)

where A and B are unknown invariant funections of the three four-

momenta of which only two are independent (nl =n, +k j k= = C).

If the final state interactions are ignored in the
photon decay the parity conservation requires (AB) = 0, the charge
*
conservation invariance requires Rl (AB ) = O and time reversal

*
invariance (or CP invariance) requires Im (AB ) = O,

However, taking into account the final state inter-
actions (and regarding the photon decay as a secondary process -
the viewpoint we will adopt in this paper (section 3) e.g. the
plon mode of the hyperon decay be regarded primary instead) these
statements are no more true. In fact the condition of CP (or T)

invariance is now given by (Appendix I):

' *
,[(a-2") + (3-8")] (rd(e.onD) = -§ <mllop> iR |55
n

out in out
where < wN|yp)> and ¢ wNIHﬁIZﬁ) are the amplitudes of photopro-
‘duction of pion and pion-decay of Z respectively.

The angular distribution in the case of circularly
polarized photons derived from (1) has the following form in the
rest frame of the Initial beryon and with a choice of the gauge

such that € .n, = 0O:

1
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712~ [ 1412 + 1812 + (-1F 2 Re (BAT) ]

L CE agesp (850 =) + (-1° (g - T 58 ]

where M denotes the mass of the enitted brryvon and E its energy
and 51, §l and §2 denote the unit 3~vectors along the directions
of the photon momentums of the spin of the 1nitial baryon and the
spin of the final baryon respectively. P = +1 for the right
circular polarization while P= -1 for the left circular pola-

rization of the photonlO.

In the case of linearly polarized photons the distri
bution is given by:'

1712 & Claf® e 1812 | Sk Bes, - 1}
T ¥ * r -~ F |.
2 ne o) | Koty - ¥ kg8 |

«

— i

* |
¢ o2 tm (3a%) Tyedy % 8, - 2603, 80 By % 8y |

¢

where € 1is the direction of the linear polarization (€.k)=0).

If the photon polarization and the spin of the final
baryon are not observed we obtain the usual forward backward
asymmetry for the emission of the photon relative to the direc-

tion of the spin of the initial baryon due to the nonconservation
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of parityll. The angular distribution for the photon 1s

N o (1 -otkqeSy) a0,y

where d.Qk 1s the solid angle of emission for the photon momen=-
tum ana'the asymmetry parameter o is given by
: *
2 Re(BA)
(1a]% + [B[%)

It is easily shown that we also have

o« = (N, = N.)/

"L R (Ny + Np)
where N;, and NR are the number of left and right circularly
polarized photons respectively when the initial baryon is unpo-
larized and the final baryon may be emitted with arbitrary spin

orientation.

The parameter ( IAI2 + IBI2 ) 1s related to the total
transition probability of the decay (section (4)). The only other
independent parameter is ( IAI2 - IBIZ/ R IBI2 ) or
-2 Im (BA*)/ (IAI2 + IBI2 ) since the sum of the squares of «
and these two 1s unity. The linear polarization of the photon
together with the spins of both the baryons must be detected to

observe this ternm.
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3« PERTURBATION THEORY ESTIMATES: INTERACTION HAMILTCNION AND

MATRIX ELEMANT:

Assuning charge independence for the strong parltiy
conserving plon-baryon interzacticn,; the Interaction Hamiltonian

(we assume 2 and A have the same parity) 1s (h =e¢ = 1)

\ - ¢ . - -
Hey Gy {»ﬁ(pf}rs nyY + ﬁqrs pYt + (p(}'\5 p - nog n)¢0}+ hec

o8
1

= Gy, {(i“ V=™ - B4 IN YT 4 (BT 0y 50 ~Flog 5N Y

L

H

..'..'.‘_‘-,_ ¥ . ...:r“ | . -._.'0
= s,\{z o, AP Eranes E ‘\(SA\POJ+ hec

where Y 1s charged pion w fileld operator, ¥, the neutral pion
Tield and the baryoy fleld cperalors are represented by their own

Symbols e

"The strangeness ahd parity'non-gonserving weak hype=
ron-nucleon-nion interaction wili be asswsed to be primary and the
coupling to be derivative. The interaction, assuming the |aT)= #
rule in the isotopic spin space, can be written as follow36

(h‘-‘-c=]_.).

m

ig - -
Hy = \E -;-T-’l VEp%(ue%)/\-%;(%-nqp(1+e9~5)/\%,;i*-;l + h.e



ig + 2Y¥
Hs =\/§ f{\/”p ¥ u(l+e %) z*“"; + 8% (1te o) o oy

. * *
- o ?Y¥ - - DY
- 'J—Z_' P cer(1+ec),5) pd 3x}* - n‘Y,Jle t}’5)2. “o_—xP }+h.c

ig,.’ B“P 2P
/!a £ +
*\3 7 n cy'u(1+e f)«s) 304 Ty, == + 1 % (1+€ cys)Z, =

-

*
+ 1-1‘)‘},_(1-!-6'%5)2.-% + h.c

where €= =1,2 and we.take e" = =g

The interaction with the electromagnetic field is:

= *2f
Hyp = leAp (¥ %, ax» ‘P) - le' PO, YA+ H'

where H' are the electromagnetic interaction terms arising from

the weak interaction Hamiltonian on making the replacements

*
Opf— (dp = feAy )Y and 2,97 —(op + dean ) ¢

Here e represents the charge of the pion 7 (field ¥) while e!
that of the particle represented by field ¥ e'(23+) = -e).

In the lowest order perturbation theory two types of
graphs for the photon decay of baryon are possible: one in
which the p.hoton can be emitted from the intermediate charged
pion current and the other in which the photon can be emitted

from the intermediate baryon current.
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The matrix elements for the decay z:f-+-p +9 are
as follows:
(a) Decay via Baryon current:

The appropriate graphg to be considered are

q = ~

-~ P /.—---.

+ \ / \ / ™\

2-—3-—-1" é * 1 ;._P i i“ \ 1‘{' l?
(a) | (v) (e)

where X indicates the weak interaction vertex and the other
nion haryon vertex 1is the strong interactlon vertex. The cor=-
responding matrix elements (apart from common nuuerical factors)

in momentum space aret

T.(n,) [ ak - (€4 a (¢4
M = "'1“*3 d . e e - e.c)« — (1
g £, na J . qC}«s i‘ll*f*i.(na-q).‘-)' | m+1(nl‘-q}‘<}¢ L J
1+ A <);5)ul( nl_)
(g% D)
1 1

=
it

p = =i, Sd‘fq % (qer) (1+ %)

m+i{n2~q7:q’ My +in, .

1
(e N ~—gsT
1 (q +nS)



1 1 . 1
¢ E‘Y (mp+in£%) 5 m+i(n1-q)o9’ S q2+P2
where M. , Mp, m and p are the masses of 2. , proton, the inter~

mediate baryon and the pion respectively. k, ny and n, are the
four momenta of'the photon, il and proton respéatively and €, re-
presents the four polarization of thé photon emitted. The sum
M = (M, + M + M) vanishes identically when ¢ —k showing that

it is gauge invariant.

There is also possible another set of graphs in
which the weak intereaction vertex falls after the strong inter-

action vertex, e.gt

The contribution Mt of the corresponding matrix element can be
easily derived from those of the previous set by a change of

variables of integration and the parameters involved (Appendix II).

b) Decay via Meson current

The graphs in this case are:
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/
e

(a) (b) (e) ' (d)
and the matrix elements in the momentum space aret

1 [(ng-p) 9 (1+2%) 2¢.(p-ny)

- 4 :
N, =u, {d°p O . . u
a zj P g ™ | _ 1
. m+i%.p [(p-nﬁzﬂt‘?} [(p-n2)2+ }*2]
i, | at . (142 %) :
b "2 )P e 571 [(p=np)oH)S]

1
[(ny=p) 2] (1+2%) ~ cequy

4 -
N, = =1 gd P 0, Oy
275 \
| (142‘4-1:12.@)

m+i‘hp

1
[¢ p--nZ)ZﬂLjl )

1
c)’s T
mting . ¥ (m+i%p)

1
[(p -,an2+ }"2]
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The sum N = [Na + N+ N, o+ Nd] is again gauge invariant. The
contribution N?' of the other corresponding set of matrix elements
in whiech the weak interaction takes place after the strong intere

action is easily derived from these as before.

The contributions from M (and M') as well as from N
(and Nt) are finite and gauge invariant. Their explicit forms

are given in the Appendix 11,

3, TRANSITION PROBABILITY:

The complete S matrix elemen® for the process is

given by:

. - T
N gz;) & (8y-ns=k) (ﬁ;)

(2r)3

where

3
it

i, (4+B9) ¥gu, ;'(x=a,<7)

- = g o, . (M5 BN, S5 ap (L) 4
\B 5 e TN A= ; &A:-;g T z?\:e

+ VEP’E\ (N/t\)a::e

i ] f :
Here MZ: » Mys Nyps HZL and N, are the matrix elements correspond

ing to the decay with the following intermediate states respec-
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tively:

= A0 4 Tl'+—-——)- p
. +
—3 N + T —=> D

the photon may be emitted from ény of the charged particle

currents.

The parameters Bg etc. are defined as follows:

P = (—é) = -Q-) P'=(—Q 5: 2 —;‘-)

The transition probability per unit time « for the decay 1s
where

and
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where S' indicates the summations over the spin states of the

proton, the average over the Spin gtates of 2. and the sum over

the two gtates of the photon polarizations,

The matrix elémenté in;which the intermediate state
is a nucleon (so that!the mags difference between the initial
and thé final baryon ls greater thén a real pion mass) contri-
bute also an imaginary part arising,fromfthe'simple poles in the
matrix elément (Abpendix IIj. This corresponds to the succes-
sive real process of baryon decay into a pion followed by the

inverse pion photopreduction as discussed earlier.

In the following table are given the calculated
estimates of the branching-ratio'R for ZZ+——+p +% compared to

- the neutral pion mode-.

Table:12 Branching ratios fdr‘zfl+p'+<}-ﬁecay conipared to the

neutral pion moge of decay‘(Zﬁ¥>p + 7°).

(m, ~ 138 Mev Mag = 1115445 Mev My = 1191.94 Mev
My = 938 Mev 0e/dr w2 18)
| , 2
(8/5) Py | £ P R x 10
1 0 C 13
1 D - =1 13
1 0 i 38
1 =1 0 13
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1 1 0 38
1 1 -1 13
1 -1 1 12
1 -1 =1, 7
1 1 1 90
-1 o 0 20
-1 0 -1, 26
-1 0 1 28
-1 | -1 o 27
-1 ' 1 0 37
-1 2. ‘ -1 15
-1 -1 | 1 20
~1 -1 -1 50
-1 | 1 1 100

The theoretical sstlnate is thus seen to be at least
one order of magnitude higher than the yet observed experimental
ratioc. Definite conclusions can only be derived after an im-

proved statistics ¢ data is avallable.

L]
-
-
-y

Talatstals
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* .
APPENDIX I ¢ Time Reversal Invariance and the Effective Matrix

mlement.

We derive here the conditions on the invariant fung
tions A and B imposed by the requirement of Time Reversal invari-
ance on the intfersction Lagrangian when the photon decay 1s regard
ed a éecondary process taking place via the weak hyperon-nucleon-
~-pion interaction. the strong pion~baryon interaction and the
electromagnetic interaction. The matrix element for the photon

decay can be written as

(ol By DD

out in

where 122> and ip6y>> are the incoming state of 3 and the
outgoing stigé of the pﬁgzon-proton systen respectively. The in~
coming state (outgoing state) coincides with the Heisenberg state
corresponding to the strong end electromagnetie interactions at

t =<0 (+00). Hw rerresents the wesk strangeness nonconserv-
ing hyperon=-nucleon=-pion interaction. In the lovest order perturp

bation theory

o LHGIE> = 82 (3) (a+ 89 kg oD ()
out in

where uél) (pi) is the Dirae svince for the i-th particle of

‘s +
momentum P, and longitudingl spin » = (=),
i [l

¥ Phe authors are indebted to Dr. S. W. Mag Dowell for clarification of Lhe

discussion in this Appendix.
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(oot | B, 1> = <zl ', lop>

out in out in
where(ﬂfrl =T | >, T being the (Wignerts) time reversal oper-
atcrl3 The right hand side can be expressed as
CZ | m, lop)
out in + )
. (since H = H,
= {op | H, 12>
in in
Here we have used |X)> = (Y > sinece 1nsofaras strong and
out n

electromagnetic interactions are concerned 2. is a stable one

particle state.

For the |9 p> state,; however, we have
' in

lop> =1ap> +SwN> <wN {opd

in out out oun in

keeping only the terms to first order in electric charge. S

indicates the sum over all intermediate (w-N) states possible.

Whence
*
(218, 19> = | cop | &, 12> +§ < | op Sl | B, |>:>]
out out out in out
or

<op | H, IZ'.> <p<>f | H, IZI > - 3l IC)'p><1rN H, |Z>

out out out in out
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In the lowest order perturbation theory the first
term can be written as:

* .
<01’$T | K, |IZ T>i= [ﬁ(_i) (=p,) (A+BOL)(kor+k, o )(~€.2+€ o )

- =(2) -1 , *
=u.”" (p,)% % C {(A+B'r5)(-_1g.g+k4f;l)(-_g._+%fré)} Cagyu

_ =(2) * * (1)
=, (32) (A + B cys) ¥ £ ug (p,l)

; (B = a.9)
Thus

*
8,02 () [ (a-s") + 33" ] K  u ) (p)) =S¢rilopy <mirlH, Iy
out in out in

4
It is then clear that Im (AB ) need not be zero in this case for
time reversal invariance to hold. In fact the imaginary part of
the matrix element can be related tc the product of the amplitude

of the pionic decay of } and that for the photoproduction of pion.

APPENDIX II: ZSxplicit Form of the Matrix Elements.

The integration over the momentum variable in M,N
ete. is done by the standard method {see for example the theory
of Photons and Zlectrons »y J. If. Jauch and F. Rohrlich; addison
Wesley 195535 Appendix 4-5).

The contribution of ¥ can be explicitly written as

follows:
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M= (Ml + My + M3)

where Ml represent the contribution from the actual finite terms
in M and MZ and M3 are the finite contributions arising from the
linear and the logarithmically divergent terms respectively. The
total contribution M is finite and gauge invariant. The explicit

expressions for Ml etc, are:

(=1 )( M2 )

Ml = Tra ﬁz (E a()’)(koq') [_M‘Z.(-A +():5)+Mp(-?t"qé)]ulo a{gnl £ oYzo
My = 7 Ty (€4 (kD) iy {1, (ar9g)y (=95}

+ m { Mp (-A—Qé) - MZ:(~A+05)} ] uy .
. Y.+ M2 Y, + 2Kenq § Yoy = ¥ -3
- 2k.n * z0 D 40 * l{ 31 41} *

My = 1 i, (€ k) {(- m (< (A+9) + 1 (A=)

1

- My [-H (A=) + M (-x9)]) .

2 2
o (= F 4 5050 + M0 Yo+ Zkon Yoy - koY)

M

Zk.nl

-+

(25 (=2=95)-Q15 + MDI(-2+9)] g
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+om [Mp (hg) + M (-A=9)] (T = Ygy)
M
p 24
- - - Y
+&%[%%gm%)(@+@g(x%ﬂ 50
+ MZ:[MP (-1+Qé) - MZ:(—ArQE)] (YBO - YBl) }
where
k = n; -0, 2k.n1'= Mg - Mi tZ = (ma--}l-2 Mpz)
1 1 n
_ X xf
Y = go dx So dy b2
where

be =;¢2 + (mEmep) x + M2 x (x~1) + (M Z-sz)x(xwl)y
_ P P
Similarlys for N = N1+NZ+N3 we have
- (w2ym 2 2 -2 _ '
N = (PN, My [i PR aeg ) (WP (-95)] Yo,

+m (Bl M )y, (7)) Yo

+m Mo 2kange (A=95) Yig (€.9) (ko) uy

z.
2 - (m"’M )
N, = 7° i, —-—-—-E—Zk " My, (=) = M) (ro)] (€M) (k) my .
By

2

(-%- Mg Y;o + 2kng Y;I + ¢

1 ] 3

'3
21



161
'

2= 1 1 t t Tt
Ny =7 uz{-(?w‘?s) (-%»»M‘,g T3p+2ken; Yo+t %{20+ 2M‘:;Y30+2k.nl[Y2rexﬁ)

1
Zk.nl

12 _1 1 ' '
- . (— bat'® vy, ¢ 208 v + 2k [¥g - 2231]> .

o (Mg (A=) + MO 9] 4w [ () 1, (-%)])

M M
P_E 2 2 '
+ 2o, [-(u % + g Y=%5) + ity (a+5)] ¥g4

t
+ My M) (A=9) - Mg ()] X

m I-E _
v . .
' 2kenq [ - MP+M§) *+% )+EMPMZ(A ~% )] Tzgtizm [Mp(?\-h")fs)

- Mz(?\-‘)é)]} (€4 (ko My

where t' = t(rtzﬂm?‘) v =y (Haﬂmz)

 The M and N' can be derived from M and N respecti-
vely by the following substitutions:

' A —= A ' . A - A
M = M"' (nlﬁ nz N = N'r Dy~ n‘2
y—1-y y —~1-y

where + denotes the Hermitian conjugate.
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