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Photon polarization in B -. K"p
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The polarization of the outgoing photon in the decay process B ~ A 'p followed by the decay
process K' ~ Kx is considered and it is shown that information on form factors in the 8 decay
can be obtained through the photon polarization.

The rare decay process 8 -+ K'y has attracted a great
deal of attention recently because it occurs through the
loop-induced amplitude b ~ sp (Ref. 1) and hence might
give a new test of higher-order correction to the standard
model together with some information on the top-quark
mass. The purpose of this Brief Report is to consider the
polarization of the outgoing photon in 8 —+ K'y.

The exclusive decay process 8 ~ I&'y can be de-
scribed by the transition amplitudez

M = Cs"'(q, A)

x(iFrs„„ps"'(k, ~)(p+ k) qp

+ F2[6,c'„(k, ~) —s'(k, ~) q(p+ k)„]), (1)

where s"(q, A) and s"(k, tt) are wave vectors of photon
and K'; p, k, and q are momenta of 8, I&', and photon,
respectively, and b, is (m~& —mzlI. ). The form factors
Ft(q ) and Fz(q ) are predicted model dependently, e.g. ,
in Ref. 2 they are predicted to be equal:

Ft(0) = Fz(0) 0.115;

in Ref. 3 monopole form factors are considered, and
also different qz dependence is considered for F&(q ) and

Fz(q ) in Ref. 4. The constant C in Eq. (1) contains the
dependence on the Cabibbo-Kobayashi-Maskawa (CKM)
angles and heavy-quark masses as

eGyC = V„V;,F(m, )m, ,
4 27r2

and F(m&) was given in Refs. 5 and 6. These previ-
ous works are mostly concerned with the decay rate or

branching ratio and, therefore, (Fq( + (Fz( as well as the
overall factor C in the transition amplitude due to the
@CD loop correction. Recently an experimental search
for decays 8 ~ I&'p has been performed by the ARGUS
Collaboration. The polarizations of hard photons, on the
other hand, give more information on the relative values
of two form factors.

The 8 -+ I~'p process is followed consecutively by the
strong decay process It' ~ I&n mostly (Ref. 8) which
can be described by the transition amplitude

M' = fs"(k, K)(pj's —q)„, (4)

where f is a coupling constant, and p~ and q are mo-
menta of decay products I& and n. The decay distribu-
tion of I&' is determined from

IM'I = 4(fl'(s"s"'&Gq. , (5)

(q& A) ( iFrps~ a(pp+ k) q

+ Fz[»~ —(p+ k).q ])
x ) s"(k, K)s"(k, ~),

where one can use

) s '(k, ~)s"(k, ~) = I" =
l

—g"'+

Using Eq. (6) for (s"s'") in Eq. (5), one obtains

where (s"s' ), the density matrix of I4', can be
obtained from the production process described by Eq.
(1). That is, Eq. (1) gives the (unnormalized) wave vec-
tor of Ia' as

(M'( (A, A') oc 4C (f (
st (q, A')P'(q, A)

x[4(R('s&(qkq)s„(qkq) + (F2('&'J&(q) J„(q) —»F,*F2&s&(qkq) J„(q) +»F,F,'&E:,(qkq) Jt(q)],

where Jt(q) and ct(qkq) are defined as

«(qkq) =st p. q kPq
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To obtain the outgoing photon polarization in the process, our method in treating photon polarization is applied,
i.e. , replace d(q, A')s'i'(q, A) in the equation by

s'(q, ~')s' (q, ~) = —
l

(~" —q'q')b~ i —-(X' + a).*'"q"
2 (

——(A' —A) [a'(q x a)~ + a~(q x a)'] + —(A'A —l)[a'a~ —{q x a)'(q x a) ]2

where q is the unit vector along q and a is a unit vector perpendicular to q.
In the 8 rest frame, the production and decay processes of I&' can occur in a plane and one chooses a normal to

the plane, i.e.,

qxq
lq x ql

' (12)

Then the photon polarization can be obtained through the Stokes parameters (, (i = 1, 2, 3) which are contained in

the photon density matrix in the helicity basis as

1 2 / 1 / 1
p~~ = —

! 4i + -(i(& —&') + -(z(& + &') + -(s(&&' —1) !,2 ( 2 2 2

or

p = —
I

1 ( 1 + (z —(s + i(i &

2 ( -(s —i(i 1 —(z )
Explicitly they are obtained from

(13)

IMI (8 ~ I&"v ~ 1«7) ~ 4~'Ifl (IFil + IFzl )~- ~» — z, -(&+ ~')+
2 z-(& —&')2 2 Re(FiFz) 1, 2Im(FiF&) i

IFil'+ IFzl' 2 IFil'+ IF I' 2

IFil' —I+~ I' 1(
IFil'+ IFzl' 2 j

where A is defined as

A=[4m, q qk q —4M'. (q q)' —M'a']
= 6 lql sins 8,

5,'+(~+4 =1 (19)

and 8 is the angle between outgoing photon and pion,
one of I&' decay products. Therefore, the Stokes parame-
ters (; which characterize the polarization of the outgoing
photon become

2 Re(FiFz )
IFi I'+ IF21'

2 Im(F, F2 )
IFil'+ IF~ I'

IF I'+ IF I'

and

Therefore, if Fi and Fz are equal and real as in Ref.
2, the outgoing photon is completely circularly polar-
ized. Otherwise s ~ the degree of circular polarization
decreases and the outgoing photon is partly linearly po-
larized. Thus investigation of outgoing photon polariza-
tion might give additional information concerning the ex-
plicit values of form factors, their magnitude as well as
qz dependence, in the 8 ~ I&'p decay process.

The form factors can be studied through other transi-
tions of 8 ~ D' and D ~ I&" (Refs. 3, 4, 11, and 12).
If these form factors are determined experimentally, one
can distinguish the validity of the various quark-model
predictions.
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