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Photon polarization in radiative B decays
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We study decay distributions inB→Kppg, combining contributions from several overlapping resonances
in a Kpp mass range near 1400 MeV, 11 K1(1400), 21 K2* (1430) and 12 K* (1410). A method is proposed
for using these distributions to determine a photon polarization parameter in the effective radiative weak
Hamiltonian. This parameter is measured through an up-down asymmetry of the photon direction relative to
theKpp decay plane in theK res frame. We calculate a dominant up-down asymmetry of 0.3360.05 from the

K1(1400) resonance, which can be measured with about 108 BB̄ pairs, thus providing a new test for the
standard model and a probe for some of its extensions.
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I. INTRODUCTION

Measurements of inclusive radiativeB meson decaysB
→Xsg @1# provide an important test for the standard mod
~SM!, and set stringent bounds on physics beyond the
@2#. In addition to the rather well predicted inclusive branc
ing ratio, which was studied extensively both experimenta
and theoretically@3#, there is a unique feature of this proce
within the SM which drew only moderate theoretical atte
tion and which has not yet been tested. Namely, the emi

photons are left handed in radiativeB2 and B̄0 decays and
are right handed inB1 andB0 decays. In the SM the photo
in b→sg is predominantly left handed, since the recoils
quark which couples to aW is left chiral. This prediction of
approximatelymaximal parity violationholds in the SM to
within a few percent, up to corrections of orderms /mb . It
applies also in exclusive radiative decays when includ
long-distance effects@4#. While measurements of the inclu
sive radiative decay rate agree with SM calculations, no e
dence exists for the helicity of the photons in inclusive a
exclusive decays.

In several extensions of the SM the photon inb→sg
acquires an appreciable right-handed component due
chirality flip along a heavy fermion line in the electrowea
loop process. Two well-known examples of such extensi
are the left-right ~LR! symmetric model and the uncon
strained minimal supersymmetric standard model~MSSM!.
In the LR model chirality flip along thet quark line in the
loop involves WL-WR mixing @5#, while in the MSSM a
chirality flip along the gluino line in the loop involves left
right squark mixing@6#. In both types of models it was foun
that, in certain allowed regions of the parameter space,
photons emitted inb→sg can be largely right-handed pola
ized, without affecting the SM prediction for the inclusiv
radiative decay rate. This situation calls for an independ
measurement of the photon helicity, which therefore
comes of immediate interest.

Several ways were suggested in the past five years to
for signals of physics beyond the SM through photon helic
effects inB→Xsg. To set the stage for the present propos
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and in order to appreciate the immediate potential of app
ing this new idea at currently operatingB factories, while
other methods require higher luminosities or new experim
tal facilities, let us recall all previously proposed metho
@7#.

In the first suggested method@8# the photon helicity is
probed through mixing-inducedCP asymmetries. The time
dependent asymmetry ofB0(t)→Xs(d)

CP g, whereXs
CP5K* 0

→KSp0 or Xd
CP5r0→p1p2, follows from interference be-

tweenB0 and B̄0 decay amplitudes into a common state
definite photon polarization. The asymmetry is proportion
to the ratio of right-to-left polarization amplitudesAR /AL ,
for small values of this ratio~a few percent in the SM!, and
may reach a maximum value of order one in extensions
the SM. For a time-dependent measurement, one must m
sure the distance of theB decay point away from its produc
tion. It is hard to trace aK* 0 decay back to its point of
production, since inK* 0→KSp0 the KS decays after travel-
ling some distance. This is not the case forB0→r0g, where
the r0 decays promptly top1p2, allowing thereby a time
measurement. However,B0→rg is suppressed by a facto
uVtd /Vtsu2 relative toB(B0→K* g);431025 @9#, and one
expects its branching ratio to be only about 231026. CP
asymmetries at a level of a few percent, as expected in
SM, require an order of 109 B mesons. A smaller number o
order 108 B’s, as envisaged in near future experiments aB
factories, can provide constraints on possible large asym
tries, namely on large values ofAR /AL , and would thereby
improve bounds on certain parameters of the new phy
models.

In a second scheme one studies angular distribution
B→g(→e1e2)K* (→Kp), where the photon can be virtua
@10# or real, converting in the beam pipe to an electro
positron pair@11#. The correlation between thee1e2 and the
K* →Kp planes is sensitive to the photon polarization. T
distribution in the angle between theKp ande1e2 planes is
isotropic for purely circular polarization, and the angular d
tribution is sensitive to interference between left and rig
polarization. Namely, the deviation from isotropy involve
~again! a parameterAR /AL measuring the mixture of left and
©2002 The American Physical Society08-1
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right polarizations. One expectsB(B→K* e1e2);(122)
31026 @12#. Therefore, the number ofB’s required here to
measure a photon polarization effect, in the SM or in
presence of new physics, is comparable to the correspon
number required for the previous method.

In a third method usingLb decays @13#, Lb→Lg
→ppg, one measures directly the photon polarization. T
forward-backward asymmetry of the proton with respect
the Lb in the L rest frame is proportional to the photo
polarization. Using polarizedLb’s @14#, one can also mea
sure the forward-backward asymmetry of theL momentum
with respect to theLb boost axis. This asymmetry is propo
tional to the product of theLb and photon polarizations. Thi
last scheme can only be applied in extremely high lumino
e1e2 Z factories. We note that the two methods based onLb
decays measure directly the photon polarization, whereas
other two types of measurements usingB decays are sensi
tive to interference between amplitudes involving photo
with left- and right-handed polarization. All methods ca
probe deviations from approximately pure left handednes
predicted in the SM.

In the present paper we wish to elaborate further o
method proposed very recently in a short letter@15# ~see also
@16#!, which measures directly a fundamental paramete
the effective radiative weak Hamiltonian describing the ph
ton polarization. This method, based on radiativeB decays to
excited kaons, makes use of angular correlations among
three-body decay products of the excited kaons. It w
shown @15# that in decaysB1→@K1

1(1400)→K0p1p0#g
andB0→@K1

0(1400)→K1p2p0#g the up-down asymmetry
of the photon momentum with respect to theKpp decay
plane in theK res frame measures the photon polarization w
a rather high efficiency. For approximately complete pol
ization, as expected in the SM, the asymmetry integra
over the entire Dalitz plot was calculated to be 0.34. Here
study this asymmetry in some more detail than in@15#. In
particular, we calculate carefully theoretical uncertainties d
to an admixture ofSandD waves inK1→K* p and due to a
possible small decay rate intorK. Assuming the radiative
branching ratio intoK1(1400) to be around but somewh
below 1025 @17#, such an asymmetry can be measured
currently operatingB factories.

The Kpp invariant mass region around 1400 MeV co
tains several kaon resonances with different quantum n
bers. We give further details for calculations of angular d
tributions corresponding to these resonance states. Whe
the axial-vector stateK1(1400) introduces a large up-dow
asymmetry, the other two states, a tensorK2* (1430) and a
vectorK1* (1400), lead to a much smaller asymmetry and
no asymmetry, respectively. Separation or projection of th
individual resonance contributions is therefore crucial, in
der to achieve a high efficiency in measuring the pho
polarization parameter in the effective radiative weak Ham
tonian. It is shown that this parameter measures the ph
polarization in decays to all individualK resonances. Inter
ference between the different resonances, which was d
garded in@15#, would introduce uncertainties in the measu
ment of the polarization parameter. Here we present de
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of a method, by which interference effects between overl
ping resonances can be resolved, thereby providing a wa
measuring the photon polarization parameter with only m
mal model dependence.

In addition to the above-mentioned final states which
volve a neutral pion, we also consider extensions of
method to two other resonance decay channels involv
only charged pions,K1p1p2 andK0p1p2, not considered
in @15#. We explain the sources of theoretical uncertainties
studying polarization effects in these decays.

The basic idea of the method is introduced in Sec.
where it is shown in general that certain observables inB
→(K res→Kpp)g decays are sensitive to the photon pola
ization. Several relevant final states are listed to which t
measurement can be applied. These final states involv
kaon and two pions of specific charges. Section III consid
for resonance states of specific quantum numbers, the
eral structure of the weak decay amplitude ofB→(K res
→Kpp)g in terms of the photon polarization. It is show
that the polarizations corresponding to individual resona
states are all identical to a polarization parameter defined
Wilson coefficients in the effective weak Hamiltonia
Strong decays of several resonance states with diffe
quantum numbers are studied in Sec. IV. Angular decay
tributions of B→Kppg, sensitive to the photon polariza
tion, are calculated in Sec. V. A method is presented
determining the photon polarization parameter from de
distributions, in spite of involving contributions from sever
overlapping kaon resonances. Section VI presents nume
results for the expected up-down asymmetry paramet
Section VII contains a discussion of the experimental fea
bility of the method, followed by conclusions in Sec. VIII.

II. WHY AND WHICH THREE-BODY DECAYS OF K res?

The first measured radiativeB decays@9# were exclusive
decays into the first excited kaon resonance state,B
→K* (892)g, with branching ratios of about 431025 . Ra-
diative decays into a higher excited resonance st
K2* (1430), were observed more recently, both by the CL
and Belle Collaborations:

B~B→K2* ~1430!g!

5~1.6620.53
10.5960.13!31025 ~CLEO @18#!,

5~1.5020.5320.13
10.5810.11!31025 ~Belle @19#!. ~1!

In these experiments theK* (892) andK2* (1430) resonance
states were identified through theirKp decay channels. In
both cases the correspondingKp decay branching ratios ar
large, (49.961.2)% in the case ofK2* @20#.

In the case ofK2* , decay branching ratios intoK* (892)p
and rK are also sizable, (24.761.5)% and (8.760.8)%,
respectively@20#. These modes lead toKpp final states. As
we will argue below, in order to probe the helicity of theK2*
~or any other resonance!, and thereby determine the photo
polarization, one must study the resonance decays into
states involving at least three particles. First measurem
8-2
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PHOTON POLARIZATION IN RADIATIVE B DECAYS PHYSICAL REVIEW D66, 054008 ~2002!
of B decays into a photon and three-body hadronic fi
states, involving aKpp invariant mass in the kaon reso
nance region, were reported recently by the Belle Collabo
tion @19#. As will be explained below, this experiment can
used to measure the photon polarization.

Let us explain first the necessary conditions for a m
surement of the photon polarization through the recoil h
ron distribution. We will also consider the essential ingre
ents of the measured physical system which are necessar
a theoretically clean measurement, that is, a measurem
which involves a minimal amount of hadronic dependenc

Since the photon helicity is odd under parity, and sin
one only measures the momenta of the photon and of
final hadronic decay products, helicity information cannot
obtained from two-body decays of the excited kaon. A h
ronic quantity which is proportional to the photon helici
must be parity odd. The pseudoscalar quantity, which c
tains the smallest number of hadron momenta, is a tr
product. Thus, one requires at least a three-body hadr
final state recoiling against the photon, in which one c
form a parity-odd triple productpW g•(pW 13pW 2) in the K reso-
nance rest frame. HerepW g is the photon momentum, whilepW 1

andpW 2 are two of the final hadron momenta, all measured
the recoiling hadron~a K-resonance! rest frame. Applying
parity, the average value of the triple product has one sign
a left-handed photon and an opposite sign for a right-han
photon.

But here there seems to be a theoretical difficulty. A trip
product correlation is also odd under time reversal. Si
time-reversal symmetry holds inK-resonance decays, the d
cay amplitude must involve a nontrivial phase due to fi
state interactions. Such a phase is usually suspected of b
uncalculable and hard to measure. This strong phase o
nates from the interference of at least two amplitudes lead
to a common three-body final state. Noting that theKpp
decay modes of excited resonance states around 1400
~to which we will draw our attention! are dominated byK* p
andrK channels@20#, let us list the three kinds of interfer
ence which one may encounter:

~1! Interference between two intermediateK* p states
with different charges, for instanceK* 1p0 andK* 0p1, de-
caying to a commonK0p1p0 state. These two amplitude
are related by isospin; consequently the strong phase is
culable purely in terms of Breit-Wigner forms.

~2! Interference betweenK* p andrK amplitudes. In sev-
eral cases these amplitudes can be related by SU~3!, and
SU~3! breaking can be obtained from measured de
branching ratios of excited kaons intoK* p andrK. In some
cases relative strong phases are extracted from reson
production experiments.

~3! Interference between different partial waves intoK* p
or rK. In certain cases the ratio of these partial wave am
tudes and their relative phases were measured in reson
production experiments.

Since we will consider aKpp state with an invariant mas
in a narrow band (6 100 MeV) around 1400 MeV, we will
neglect the direct nonresonant radiativeB→Kppg decay.
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The decay rate for this phase space restricted process is m
smaller than the decay rate through an excited resona
state. A simple estimate of the nonresonant contribution
be made by noting that the ratio of nonresonant to reson
Kppg events, with an invariant mass of widthGKres

;200 MeV is aboutGKres
/@MB2(2Mp1MK)#;4%. We

assumed here for simplicity equal total resonant and n
resonant branching ratios, with a flat distribution in theKpp
invariant mass for the latter.

We conclude that the theoretically cleanest calculation
a Kppg decay amplitude, in which final state interactio
phases can be computed most reliably from pure isospin c
siderations, corresponds to cases in which only the first k
of interference exists. We will focus our attention on cas
which are dominated by such interference, which permit
theoretically rather clean measurement of the photon po
ization through decay distributions.

In Sec. IV we will study the decays of threeK resonances,
K1(1400), K* (1410) andK2* (1430), with quantum num-
bersJP511,12 and 21, respectively. The most general re
sult for the decay amplitude involves relative strong pha
betweenK* p andrK amplitudes and between different pa
tial waves. In order to have a measurement which can
cleanly interpreted in terms of the photon polarization p
rameter, these phase differences must be known, at
crudely. This is the case in the decaysK1(1400)→Kpp,
which are dominated byK* p intermediate states, and whe
some information is known both about theS2D admixture
in the K* p channel, and about the magnitude and phase
the smallerKr amplitude.

Parametrizing resonance amplitudes in terms of Br
Wigner forms, known to be a rather good approximatio
yields a calculable strong phase. As mentioned, the rem
ing strong phases can be estimated in some cases usin
guments based on flavor SU~3! symmetry, or can be ex
tracted from resonance production experiments. In m
respects, this method is similar to measuring thet neutrino
helicity in t→a1nt , where the corresponding phase diffe
ence is calculable in terms of the two interferinga1→rp
amplitudes corresponding to two differentrp charge assign-
ments@21–23#.

Let us list the channels through which excited kaons m
decay into distinct chargedKpp states:

K res
1 →H K* 1p0

K* 0p1

r1K0
J →K0p1p0, ~2!

H K* 0p1

r0K1 J →K1p1p2, ~3!

K res
0 →H K* 1p2

K* 0p0

r2K1
J →K1p2p0, ~4!

H K* 1p2

r0K0 J →K0p1p2. ~5!
8-3
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MICHAEL GRONAU AND DAN PIRJOL PHYSICAL REVIEW D66, 054008 ~2002!
K res
1 and K res

0 occur in radiativeB1 and B0 decays, respec
tively. No interference is present in the amplitudes for t
two final statesK1p0p0 and K0p0p0, which can be pro-
duced only throughK* 1p0 andK* 0p0 modes, respectively
We note that, in the isospin and narrow resonance w
limits, and assuming a vanishingrK contribution, the partial
decay rates of each of the modes~2! and~3! @~4! and~5!# for
K res

1 (K res
0 ) is equal to 4/9 of the total decay branching ra

into Kpp.

III. B\Kppg IN TERMS OF A PHOTON POLARIZATION
PARAMETER

Consider the radiative decays into a given kaon resona
stateB̄(bq̄)→K̄ res

( i )g. Let us denote the weak radiative am

plitudes by cL
( i )[A(B̄→K res

( i )gL) and cR
( i )[A(B̄→K res

( i )gL),
for left- and right-polarized photons, respectively. The ph
ton polarization inB→K res

( i )g is given by

lg
( i )5

ucR
( i )u22ucL

( i )u2

ucR
( i )u21ucL

( i )u2
. ~6!

Let us show that the ratiosucR
( i )/cL

( i )u, and thereforelg
( i ) ,

are equal for allK resonance states, and are given by fun
mental couplings in the effective weak radiative Ham
tonian. The effective Hamiltonian has the general structu

Hrad52
4GF

A2
VtbVts* ~C7RO7R1C7LO7L!,

~7!

O7L,R5
e

16p2
mbs̄smn

16g5

2
bFmn,

where the Wilson coefficientsC7L andC7R describe the am-
plitudes ofb→sg for left- and right-handed photons, respe
tively. Because of the chiral structure of theW6 couplings to
quarks in the SM, the amplitude for the emission of a le
handed photon inb→sg is enhanced relative to that for
right-handed photon byC7R /C7L.ms /mb . This property
holds also when adding to Eq.~7! the four-quark operators
O1,2, which have the same (V2A)3(V2A) chiral structure
as the couplings producing the dominant penguin oper
O7L . On the other hand, much largerC7R /C7L ratios are
permitted in LR and MSSM extensions of the SM.

Parity invariance of the strong interactions relates the a
plitude of b→sg for emitting a left-handed photon throug
O7L to the amplitude for emitting a right-handed phot
throughO7R ,

^K res
( i )RgRuO7RuB̄&5~21!Ji21Pi^K res

( i )LgLuO7LuB̄&, ~8!

where Ji and Pi are the resonance spin and parity, a
K res

( i )R,L denote states with helicities61.
To prove this relation, let us assume for definiteness

the photon moves along the1z axis and theK resonance
along the opposite direction. Under a parity transformationP
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the operatorsO7R and O7L transform to each other
PO7RP †5O7L . This gives

^K res
( i )R~↓ !gR~↑ !uO7RuB̄&5^K res

( i )R~↓ !gR~↑ !uP †PO7RP †PuB̄&

5Pi^K res
( i )L~↑ !gL~↓ !uO7LuB̄&, ~9!

where the arrows denote particle momenta relative to thz
direction. Under a rotationR, around they axis through
180°, the states transform asRuJ,M &5(21)J2MuJ,2M &.
Applying this rotation to the right-hand side of Eq.~9! gives
Eq. ~8!.

Together with the equality

^K res
( i )LgLuO7RuB̄&5^K res

( i )RgRuO7LuB̄&50, ~10!

Eq. ~8! shows that, for a given resonance, the weak am
tudescR

( i ) andcL
( i ) are proportional, up to a sign, to the Wi

son coefficientsC7R andC7L , respectively, and to a commo
hadronic matrix element ofO7R , g1

( i )(0)

H cR
( i )

cL
( i )J 52

4GF

A2
H C7R

Pi~21!Ji21C7L
J VtbVts* g1

( i )~0!. ~11!

This implies

ucR
( i )u

ucL
( i )u

5
uC7Ru
uC7Lu

⇒lg
( i )5

uC7Ru22uC7Lu2

uC7Ru21uC7Lu2
[lg . ~12!

Namely, the photon polarization inB̄→K̄ res
( i )g is common

to all K resonance states and is given purely in terms
Wilson coefficients. We will refer to the quantitylg , defined
by Wilson coefficients, as the photon polarization parame
We note that the above argument does not depend on
form factor matrix elementsg1

( i )(0) betweenB and K res
( i ) ,

which were calculated in several models@17#.
Now, consider the decaysB̄(bq̄)→K̄ppg, to which sev-

eral overlapping kaon resonancesK res
( i ) contribute. Let us de-

note the strong decay amplitudes forK̄ res
( i )→K̄pp by AL

( i ) and
AR

( i ) , corresponding to a left- and right-polarized resonan
respectively. The radiative differential decay rate can be w
ten as a sum of contributions from left- and right-polariz
photons,

dG~B̄→K̄ppg!5U(
i

cR
( i )AR

( i )

s2Mi
22 iM iG i

U2

1U(
i

cL
( i )AL

( i )

s2Mi
22 iM iG i

U2

, ~13!

wheres5(pK1pp1
1pp2

)2 is the invariant mass of the had

ronic Kpp state. The two terms do not interfere in the pa
tial decay rate sincein principle the photon polarization is
measurable. Using Eqs.~11! and ~12!, one finds

dG~B̄→K̄ppg!}~ uA Ru21uA Lu2!1lg~ uA Ru22uA Lu2!,
~14!
8-4
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FIG. 1. Resonant contribution
to the decayK res→Kpp, pro-
ceeding throughK* p andrK in-
termediate states.
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AR[(
i

g1
( i )AR

( i )Bi~s!,

~15!

AL[(
i

Pi~21!Ji21g1
( i )AL

( i )Bi~s!,

and where

Bi~s![
1

s2Mi
22 iG iM i

~16!

are Breit-Wigner forms involving the massMi and widthG i

of a resonanceK res
i .

The term in the decay distribution~14!, which is sensitive
to lg , involves the differenceuA Ru22uA Lu2. For a single
resonanceK res

( i ) , it is proportional touAR
( i )u22uAL

( i )u2. There-
fore, a measurement of the photon polarization parametelg
is sensitive to asymmetries between the resonance decay
plitudesuAR

( i )u anduAL
( i )u. Such a measurement can be direc

translated into information about the ratio of Wilson coef
cientsuC7R /C7Lu, which is given in the SM byms /mb im-
plying lg521 (11)1O(ms

2/mb
2), for B̄ ~B! decays, re-

spectively. We will show that such a determination
essentially free of hadronic uncertainties, and can be
formed even in the absence of any information about
strong matrix elementsg1

( i ) .
It is interesting to note the relation between the pho

polarization parameterlg , which is defined in~12! in terms
of Wilson coefficients, and the photon polarization inB̄

→K̄ppg. The latter can be defined by

Pg5
G~B̄→K̄ppgR!2G~B̄→K̄ppgL!

G~B̄→K̄ppgR!1G~B̄→K̄ppgL!

5

E dPS~ uA Ru22uA Lu2!1lgE dPS~ uA Ru21uA Lu2!

E dPS~ uA Ru21uA Lu2!1lgE dPS~ uA Ru22uA Lu2!

,

~17!

where*dPSdenotes an integral over entire phase space.
a single resonance, one has

E dPS~ uA Ru22uA Lu2!

5ug1
( i )Bi~s!u2E dPS~ uAR

( i )u22uAL
( i )u2!, ~18!
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and parity conservation in the resonance decay implies
the right-hand side vanishes. In this case one would h
Pg5lg . This is not true for several interfering resonanc
for which a relation similar to Eq.~18! does not hold in
general. Namely, the photon polarization parameterlg coin-
cides with the photon polarizationPg in B̄→K̄ppg only for
a process proceeding through a single resonance.

IV. STRONG DECAYS K res\Kpp

In the resonance mass regionM res5130021500 MeV,
which we consider, there exist severalK resonances with
different quantum numbersJP, which decay toKpp. We
list these states in Table I, specifying their masses, wid
and decay branching ratios@20#.

The strong decay of a kaon resonanceK res into a three-
body Kpp final state proceeds through the graphs shown
Fig. 1, with intermediateK* p andrK states. In the follow-
ing subsections we use these diagrams to compute for
three resonances around 1400 MeV the strong decay am
tudesAL

( i ) andAR
( i ) appearing in the rate equations~14! and

~15!.

A. Decays ofK1„1400… „JPÄ1¿
…

TheK1(1400) decays predominantly toK* (892)p with a
branching ratio of (9466)%, and to rK with a much
smaller branching ratio, (3.063.0)%. Both decays occur in
a mixture ofS andD waves. TheD to S wave ratio of rates
in the K1→K* (892)p channel was measured to be sma
0.0460.01 @20,24#. No similar measurement exists for th
rK channel.

The invariant matrix element forK1→K* p ~and simi-
larly for K1→rK) can be parametrized in terms of two com
plex couplings,A(K* ) andB(K* ),

A„K1~p,«!→K* ~p1 ,«8!p~pp!…

5A(K* )~«•«8* !1B(K* )~«8* •pp!~«•pp!,

~19!

where momenta and polarization 4-vectors are specified
each of the particles. The couplingsA(K* ) and B(K* ) are
related to the partial wave amplitudescS andcD through

A(K* )5cS1cD

MK1
pW p

2

2MK* 1EK*
,

~20!

B(K* )5cD1cS

EK* 2MK*

MK1
pW p

2
.

8-5
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TABLE I. Kaon resonances with masses in the region 1250–1450 MeV decaying intoKpp.

Resonance JP (M res,G res) ~MeV! Decay mode Br~%!

K1(1270) 11 (127367, 90620) rK 4266
K* p 1665

K0* (1430)p 2864
K1(1400) 11 (140267, 174613) K* p 9466

rK 3.063.0
K* (1410) 12 (1414615, 232621) K* p .40

rK ,7
K2* (1430) 21 (1425.661.5, 98.562.7) K* p 24.761.5

~chargedK2* ) rK 8.760.8
e

b

e

e

as

hat

nta.
In the nonrelativistic limit,MK1
2MK* !MK1

, this reduces

to the more familiar couplings,cS(«W •«W 8* )1cD@(«W •pW p)
3(«W 8* •pW p)2 1

3 pW p
2 («W •«W 8* )#. ~A similar partial wave decom-

position was performed in@22# within the context ofa1
→rp decays.! Leaving out isospin factors, the amplitud
~19! implies the following result for theG(K1→K* p)
width:

G~K1→K* p!5ucSu2
upW pu

8pMK1

2

1ucDu2
upW pu5

4p~EK* 12MK* !2
, ~21!

where the two terms correspond to theS-wave andD-wave
partial widths, respectively. A similar parametrization can
given for theK1→Kr coupling.

Using the rate formula~21! and the measured value of th
D to S ratio of width, one finds ucD /cSu5(1.75
60.22) GeV22. The relative phase between theD and S
wave amplitudes was measured in@24# to be dD/S
[Arg (cD /cS)5260°620°. These values can be used to d
termineA(K* ) andB(K* ) from Eq. ~20!.

The amplitude forK1(1400)→Kpp is obtained from the
05400
e

-

graphs shown in Fig. 1 by convoluting amplitudes such
Eq. ~19! with the amplitude forK* →Kp which is propor-
tional to«8•(pp2pK). The modes~2! and~4! obtain contri-
butions from all three graphs Figs. 1~a!–1~c!, while in the
modes~3! and ~5! only the graphs Fig. 1~a! and Fig. 1~c!
contribute. In the first case, isospin considerations imply t
the two K* contributions from Fig. 1~a! and Fig. 1~b! are
antisymmetric under the exchange of the two pion mome
We will write down general expressions for Eqs.~2! and~3!,
noting that the amplitudes of the processes~4! and ~5! have
correspondingly similar forms.

The amplitude for the process~2! can be summarized in
the rest frame of theK1 by the following expression:

M„K1
1~p,«!→p1~p1!p0~p2!K0~p3!…

5C1pW 1•«W 2C2pW 2•«W , ~22!

where

Ci~s13,s23!5Ci
(K* )~s13,s23!1Ci

(r)~s13,s23!,
~23!

si j 5~pi1pj !
2.

The explicit expressions forCi
(K* ) andCi

(r) are
C1
(K* )~s13,s23!5

A2

3
gK* KpA(K* )F S 11

m2
22m3

2

MK*
2 D BK* ~s23!22BK* ~s13!G

1
A2

3
gK* KpB(K* )F2S 11

m2
22m3

2

MK*
2 D ~MK1

E12m1
2!12p1•p2GBK* ~s23!,

C2
(K* )~s13,s23!5

A2

3
gK* KpA(K* )F S 11

m1
22m3

2

MK*
2 D BK* ~s13!22BK* ~s23!G

1
A2

3
gK* KpB(K* )F2S 11

m1
22m3

2

MK*
2 D ~MK1

E22m2
2!12p1•p2GBK* ~s13!, ~24!

C1
(r)~s13,s23!5

1

A3
grppA(r)Br~s12!2

1

A3
grppB(r)MK1

~E12E2!Br~s12!,
8-6
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C2
(r)~s13,s23!5

1

A3
grppA(r)Br~s12!1

1

A3
grppB(r)MK1

~E12E2!Br~s12!,
tw

c
on
tri

ve

tial
ter-
whereBK* (si j ) andBr(si j ) are Breit-Wigner functions

BK* ~si j !5~si j 2MK*
2

2 iM K* GK* !21,

~25!
Br~si j !5~si j 2mr

22 imrGr!21.

The corresponding amplitudes for the modes~3! and ~5! are
obtained from Eq.~22! by settingBK* (s13)→0, and multi-
plying theK* p part by2A2 and theKr part by21/A2. All
amplitudes are symmetric under the exchange of the
pions, as expected from Bose symmetry.

Whereas theK1(1400) decays predominantly toK* p,
the small measured branching ratio intorK, 363%, which
only implies an upper limit, may have a nonnegligible effe
on the decay distribution from which the photon polarizati
is measured. In order to estimate this effect, we parame
nd

s

05400
o

t

ze

the relative contributions of therK andK* p amplitudes in
terms of two complex ratios of corresponding partial wa
amplitudes forS andD waves,

kS,D5ukS,DueiaS,D5A3

2

cS,D
(rK)

cS,D
(K* p)

•

grpp

gK* Kp

. ~26!

In the absence of experimental data on the individual par
widths for therK mode, these parameters cannot be de
mined at present. Some measure for therK contribution can
be obtained by neglecting theD-wave admixture in this
mode and assuming that the measured width~for which only
an upper limit exists! is pureS wave. With this approxima-
tion, the coefficientsCi in Eq. ~22! are given by
C1~s13,s23!}S 110.081
cD

cS
D F S 11

m2
22m3

2

MK*
2 D B~s23!22B~s13!G1S 0.3841

cD

cS
D

3F2S 11
m2

22m3
2

MK*
2 D ~MK1

E12m1
2!12p1•p2GB~s23!1kS@120.631~E12E2!#Br~s12!, ~27!
ed

de
andC2(p1 ,p2)5C1(p2 ,p1).
The absolute value of the ratiokS can be obtained from

the measured widths for the respective modes

ucS
(rK)u2

ucS
(K* p)u2

5
BS~K1→rK !

BS~K1→K* p!
•

upW K* pu

upW rKu
.0.043, ~28!

ugrppu2

ugK* Kpu2
5

2Gr

GK*
•

upW Kpu3

upW ppu3
53.16, ~29!

where we assumed that the measuredrK branching ratio is
pureS-wave and is given by the central value. Thus we fi
from Eq. ~26! ukSu50.45. The relative phaseaS was mea-
sured in @24#, and was found to lie in the range 20°<aS
<60°. In our subsequent numerical calculation we will u
the rangeukSu50.3260.32, corresponding toB(K1→rK)
50.0360.03, and will scan the values of the phaseaS in the
above range.

B. Decays ofK2* „1430… „JPÄ2¿
…

TheK2* (1430) decays toK* p andrK in a pureD wave,
with branching ratios of (24.761.5)% and (8.760.8)%, re-
e

spectively. The invariant amplitude for aK* p final state is
written in terms of a single coupling,

A„K2* ~p,«!→K* ~p1 ,«1!p~p2!…

5gK
2* K* pi eabgd«1*

apb«grp2rp2
d , ~30!

and a similar expression can be written forA(K2* →rK).
The amplitude forK2* →Kpp obtains contributions from the
three graphs in Fig. 1. Their computation gives for charg
K2* decays of the type~2!:

M„K2*
1~p,«!→p1~p1!p0~p2!K0~p3!…

} i eabgmpap1
bp2

g«mn@p1nBK* ~s23!

1p2nBK* ~s13!1k~p1n1p2n!Br~s12!#.

~31!

A similar expression is obtained for neutralK2* decays of the
type ~4!. Here again, Bose symmetry requires the amplitu
to be symmetric under an exchange of the two pions.

The ratio of therK and K* p contributions is param-
etrized by a complex parameterk, which is defined in a way
similar to Eq.~26!,
8-7
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k5ukueia5A3

2

gK
2* rK

gK
2* K* p

•

grpp

gK* Kp

. ~32!

Using the measured branching ratios of these modes,
finds for the absolute value of the first ratio,

ugK
2* rKu2

ugK
2* K* pu2

5
B~K2* →rK !

B~K2* →K* p!
3

upW K* pu5

upW rKu5
51.2, ~33!

which givesuku52.38 when applying Eq.~29!.
We will argue now that also the phasea of k can be

constrained using available experimental data. Let us c
sider first the phasea1 of grpp /gK* Kp , the second factor in
k. This ratio, given in Eq.~29!, is predicted to beA8/3 in the
SU~3! limit. The small SU~3! breaking in the measured valu
of this ratio~about 8%! suggests that its phase is also sma
Now consider the first ratio ink, gK

2* rK /gK
2* K* p . Although

SU~3! symmetry does not predict this ratio, it is possible
determine its phasea2 by noting that in the SU~3! limit the
amplitudes for the decaysK2* →K* p, K2* →rK and
a2(1320)→rp satisfy a triangle relation,

A~K2*
1→K* 1p0!1

1

A2
A~K2*

1→r1K0!

5A„a2
1~1320!→r1p0

…. ~34!

a2 is given by the relative phase of the amplitudes on
left-hand side. Using the measured widths for these mo
one finds that, although the triangle does not close at
central values of the measured amplitudes@the right-hand
side of Eq.~34! is slightly larger than the algebraic sum
the amplitudes on the left-hand side#, it closes with a very
small anglea2 when errors are included. Namely,a2 is close
to zero in the SU~3! limit. Allowing for some SU~3! breaking
effects, we will use in our numerical estimates below valu
for a5a11a2 between230° and130°. A small phase in
this range was measured in aK2* resonance production ex
periment@24#.

C. Decays ofK* „1410… „JPÄ1À
…

TheK1* (1410) decays predominantly toK* p in a pureP
wave, with a branching ratio larger than 40%~at 95% C.L.!,
while an upper bound of 7% exists for its decay branch
ratio into rK. The invariant amplitude describing the fir
decay is

A„K1* ~p,«!→K* ~p1 ,«1!p~p2!…

5gK
1* K* pi e~p,«,«1* ,p2!. ~35!

Using Figs. 1 to calculate three contributions, one finds
K1* →Kpp amplitude in the rest frame of the decaying res
nance,
05400
ne

n-

.

e
es
e

s

g

e
-

M„K1* ~p,«!→p~p1!p~p2!K…

}«W •~pW 13pW 2!@BK* ~s13!1BK* ~s23!

1k8Br~s12!#, ~36!

wherek8 parametrizes the ratio ofrK and K* p contribu-
tions. The information on the magnitude of this ratio fro
measured branching ratios is limited to a rather weak up
bound.

It is quite simple to argue from a general principle that t
decay amplitude~36! leads to a radiative decay distributio
which is insensitive to the photon polarization. The on
parity-invariant decay amplitude which can be construc
from theK1* polarization vector«W and the final mesons mo

menta is proportional to«W •(pW 13pW 2). Its square is invariant
under «W 11↔«W 21 and therefore cannot be used to meas
the photon polarization.

V. ANGULAR DISTRIBUTIONS

As explained in Sec. III, Eqs.~14! and ~15! and the sub-
sequent discussion, the sensitivity to the photon polariza
parameter is manifested through an asymmetry between
decay distributions of right- and left-polarizedK resonance
states. In order to compute this asymmetry, one has
specify the orientation of the decay productsKpp with re-
spect to the so-called helicity axis, defined to be along
photon momentum direction and opposite to itêz52pW g .
Working in the rest frame of theKpp state, we define the
normal nW to the Kpp plane asnW 5(pW 13pW 2)/upW 13pW 2u. The
orientation of theKpp system with respect to the helicit
axis eW z is given in the most general case by three ang
(u,f,c). Two polar angles (u,f), with cosu5nW•eWz, de-
scribe the orientation ofnW with respect toeW z . A third anglec
~unobservable in this case! parametrizes rotations around th
eW z axis. In the subsequent study we will derive angular d
tributions in the angleu, integrating over the azimuthal angl
f.

In Ref. @15# angular distributions were studied forB
→Kppg separately for the three resonancesK1(1400),
K2* (1430) andK* (1410). Here we will study the most gen
eral decay distribution combining all three overlapping re
nances including their interference. The structure of the a
plitude of B̄→K̄ppgR,L , given in Eq.~15! for right- and
left-polarized photons, can be obtained by summing o
contributions calculated in the preceding section for the th
K resonance states. One finds, in the rest frame of theKpp
system,

AR,L~B̄→K̄ppgR,L!

5A~«W 6•JW !6B@~«W 6•nW !~«W 0•KW !

1~«W 6•KW !~«W 0•nW !#6C~«W 6•nW !, ~37!
8-8
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where the polarization vectors«W i are defined in terms ofeW z

and two arbitrary unit vectorseW x andeW y in the plane perpen
dicular toeW z ,

«W 657
1

A2
~eW x6 ieW y!, «W 05eW z . ~38!

The three terms in Eq.~37! are obtained from intermediat
K res states with quantum numbersJP511,21 and 12, re-
spectively. Their strong decay amplitudes were given in E
~22!, ~31! and ~36!, respectively. In order to obtain the se
ond term from Eq.~31!, we used the following expression
for polarization tensors corresponding to right- and le
handedK2* of helicity 61:

«61
mn 5

1

A2
~«61

m «0
n1«0

m«61
n !, ~39!

where«m
0 50 (m561,0).

The coefficientsA,B,C include the strong matrix ele
mentsg1

( i ) and the Breit-Wigner forms defined in Eq.~16!.

The vectorsJW ,KW ~lying in the decay plane ofKpp) are
functions of the Dalitz variabless13,s23. Explicit expres-
sions for JW and KW are obtained from Eqs.~22! and ~31!,
respectively,
s.
e

hi
an

05400
s.

-

JW5C1pW 12C2pW 2 ,

KW 5upW 13pW 2u$pW 1@BK* ~s23!1krBr~s12!#

1pW 2@BK* ~s13!1krBr~s12!#%. ~40!

In the limit of isospin symmetryKW is symmetric under
s13↔s23, while JW changes sign.

The dot products in Eq.~37! can be expressed in terms o
the angles (u,f,c) described above,

«W 6•nW 52
i

A2
sinue7 ic, «W 0•nW 5cosu,

«W 6•JW57
1

A2
e7 ic@~cosfJx1sinfJy!

7 i cosu~sinfJx2cosfJy!#, ~41!

«W 0•JW5sinu~sinfJx2cosfJy!.

Similar expressions hold for«W 6•KW and«W 0•KW .
Squaring the amplitude~37!, and integrating overf, one

finds
1

2pE dfuAR,Lu25uAu2H 1

4
uJW u2~11cos2u!6

1

2
cosuIm@nW •~JW3JW* !#J 1uBu2H 1

4
uKW u2~cos2u1cos22u!

6
1

2
cosu cos 2uIm@nW •~KW 3KW * !#J 1uCu2

1

2
sin2u

1H 1

2
~3 cos2u21!Im@AB* nW •~JW3KW * !#6cos3uRe@AB* ~JW•KW * !#J . ~42!

The interference terms between the 12 and the other resonances vanish identically upon integration overf, but there remains
a nonvanishing interference between theJP511 and 21 contributions, manifested in the last term.

The decay distribution forB̄→K̄ppg is readily obtained as a function of the photon polarization parameterlg ,

dG

ds13ds23d cosu
5uAu2H 1

4
uJW u2~11cos2u!1

1

2
lgIm@nW •~JW3JW* !#cosuJ 1uBu2H 1

4
uKW u2~cos2u

1cos22u!1
1

2
lgIm@nW •~KW 3KW * !#cosu cos 2uJ 1uCu2

1

2
sin2u

1H 1

2
~3 cos2u21!Im@AB* nW •~JW3KW * !#1lgRe@AB* ~JW•KW * !#cos3uJ . ~43!
ect

r

This decay distribution is sensitive tolg through the second
terms in theuAu2, uBu2 and in the interference contribution
Each of these three terms introduces an asymmetry betw
the decay rates for right- and left-polarized photons. T
asymmetry, from whichlg can be determined, describes
en
s

up-down asymmetry of the photon momentum with resp
to theKpp decay plane.

Noting the symmetry properties ofJW ~odd! andKW ~even!
under the exchange ofs13 and s23, one can see that afte
integrating over the entire Dalitz plot~or any symmetric part
8-9
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of it!, the asymmetry terms proportional touAu2, uBu2 aver-
age to zero. In order to avoid this loss of polarization inf
mation, we introduce a new angleũ defined by cosu
[sgn(s132s23) cosũ. An equivalent definition ofũ is the
angle between2pW g and the normal to the decay plane d
fined bypW slow3pW fast, wherepW slow andpW fast are the momenta
of the slower and faster pions in theKpp center of mass
frame.

Expressed in terms ofũ, the radiative decay distribution
~14!, integrated over a region of the Dalitz plot, has the f
lowing general form:

d2G

dsd cosũ
5

1

4
uc1u2uBK1

~s!u2^uJW u2&$11cos2ũ14lgR1cosũ%

1
1

4
uc2u2uBK

2*
~s!u2^uKW u2&$cos2ũ1cos22ũ

112lgR2cosũ cos 2ũ%1uc3u2BK
1*
~s!sin2ũ

1H Im@c1c2* BK1
~s!BK

2*
* ~s!c128 #

1

2
~3 cos2ũ21!

1lgRe@c1c2* BK1
~s!BK

2*
* ~s!c12#cos3ũJ , ~44!

where^•••& denotes integration over a region of the Dal
plot. After integrating overũ, the interference terms in th
last line vanish, and the rate is given simply by a sum
Breit-Wigner forms corresponding to the threeK resonance
states,

dG

ds
5

2

3
uc1u2^uJW u2&uBK1

~s!u21
2

5
uc2u2^uKW u2&uBK

2*
~s!u2

1
4

3
uc3u2uBK

1*
~s!u2. ~45!

In Eq. ~44! we introduced explicit expressions forA,B,C in
terms of Breit-Wigner forms with the mass and width of t
K resonances with quantum numbersJP511,21 and 12,
respectively

A~s!5c1BK1
~s!, B~s!5c2BK

2*
~s!,

~46!
C~s!5c3BK

1*
~s!,

where ci}^K res
( i )LgLuO7LuB̄& are proportional to the deca

amplitude into the resonance statesK res
( i ) .

The coefficientsR1 and R2 multiplying the polarization-
sensitive terms in the decay distributions are defined s
that ^cosũ &5R1lg and ^cosũ &5R2lg for decay rates domi-
nated by theJP511 or the 21 resonances, respectively.R1
andR2 are expressed in terms of Dalitz plot averages,

R15
1

2
•

^sgn~s132s23!Im@ n̂•~JW3JW* !#&

^uJW u2&
,

05400
-

-

f

h

R25
1

6
•

^sgn~s132s23!Im@ n̂•~KW 3KW * !#&

^uKW u2&
, ~47!

and are calculable quantities~see discussion below!. The
complex coefficientsc12(s) andc128 (s), appearing in the ex-
pression for the 11221 interference terms, are given by

c12~s!5^sgn~s132s23!JW•KW * &,
~48!

c128 ~s!5^nW •~JW3KW * !&.

Now let us describe a possible procedure which allow
measurement of the photon polarization parameterlg in the
presence of the three interferingK resonance contributions
First, one has to determine the three coefficientsuci u ( i
51,2,3) parametrizing the relative radiative decay rates i
the three resonance states. In principle, this can be achi
by fitting data to theKpp invariant mass distribution~45!,
consisting of the sum of three Breit-Wigner forms. Howev
this may be difficult in practice, since the masses of the th
resonances are too close to each other, and statistics ma
insufficient for decomposing the destribution into a sum
three different Breit-Wigner widths. A complementary wa
of determining the coefficientsuci u for the three resonances
then to use their spin-parity characteristic angular decay
tributions into two-body or quasi-two-body states@18,19#.
This analysis can be applied toKp final states for measuring
uc2u and uc3u and toK* p states for measuringuc1u, uc2u and
uc3u.

Next, we write the angular distribution~44!, integrated
over a range ins centered around theK1(1400) resonance, a
a sum over the seven functions ofũ appearing in Eq.~44!,

F~ ũ ![E
smin

smax
ds

d2G

dsd cosũ
5(

i 51

7

di f i~ ũ !, ~49!

where f 1(x)511cos2x, f 2(x)5cosx, f 3(x)5cos2x
1cos22x, f 4(x)5cos 2xcosx, f 5(x)5sin2x, f 6(x)
5 1

2 (3 cos2x21), f 7(x)5cos3x. The three coefficientsd1,3,5
are obtained from the corresponding values ofuc1,2,3u. For
example,

d15
1

4
uc1u2E

smin

smax
ds

^uJW u2&

~s2MK1
!21MK1

GK1

. ~50!

The extraction of the remaining coefficients is slightly com
plicated by the fact that two of the functionsf i(x) are not
linearly independent

f 6~x!5
1

2
f 1~x!2 f 5~x!,

~51!

f 7~x!5
1

2
@ f 2~x!1 f 4~x!#.

Nevertheless, fitting the angular distributionF( ũ) in Eq. ~49!

to a sum of five independent functions ofũ, allows one to
determine the linear combinationd22d4. @Alternatively, d2
2d4 may be obtained by projecting out the part proportion
8-10
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to cosũ by integration with an appropriate weight functio
f( ũ)55 cosũ27 cos3ũ.# Since this combination is propor
tional to lg , the photon polarization parameter can be e
tracted from the following ratio:

lg5
d22d4

4R1d1212R2d3
. ~52!

VI. CALCULATIONS OF R1 AND R2

The parametersR1 and R2 measure the up-down asym
metry of the photon momentum with respect to theKpp
decay plane in theK res frame. For decays dominated byK1

and K2* they are defined such that̂cosũ &5R1lg and

^cosũ &5R2lg , respectively. In the case ofK1 the integrated
up-down asymmetry is given by (3/2)R1lg , while in the
case ofK2* the integrated asymmetry vanishes. Here we w
show thatR1 and R2 can be computed quite reliably wit
some dependence on the hadronic parameters describinK1

andK2* decays.
We start by considering the decays of theK1(1400) reso-

nance discussed in Sec. IV A, and discuss first decays to
states involving a neutral pion,K0p1p0 andK1p2p0. The
parameterR1, defined in Eqs.~47!, can be calculated by
applying Eqs.~23!, ~24!, ~25! and ~40!. Its value depends
somewhat on two pairs of hadronic parameters:ucD /cSu and
dD/S , the magnitude and phase of the ratio ofD- to S-wave
amplitudes inK1→K* p, andkS andaS , the magnitude and
phase of the ratio ofS-wave amplitudes inK1→rK andK1
→K* p. Varying these parameters in the measured ran
ucD /cSu51.7560.22 GeV22, dD/S5260°620°, kS50.32
l-

r
e

05400
-

ll

al

s,

60.32, 20°<aS<60°, we find values ofR1 in the range
R150.2260.03, where in Eq.~47! we integrate over the
entire Dalitz plot. The uncertainty inR1 combines an uncer
tainty of 60.02 due to the ratio ofD- andS-wave amplitudes
in theK* p channel, and an uncertainty of60.02 due to the
rK amplitude. We conclude that the integrated up-do
asymmetry originating inK1 alone is quite large, (0.33
60.05)lg .

The corresponding asymmetry in theK1p1p2 and
K0p1p2 channels is smaller. Here only oneK* p interme-
diate state contributes, and the dominant asymmetry is du
interference betweenD andS wave amplitudes in this chan
nel. It is proportional to sindD/S and, sincedD/S is not far
from 3p/2, one findsR1'20.07 sindD/S'0.07. The correc-
tion from therK channel may change this value by abo
50%, depending on the value of the strong phaseaS .

Next, consider the decays of theK2* (1430) resonance dis
cussed in Sec. IV B, from which the value ofR2 defined in
Eq. ~47! is calculated through Eqs.~25! and~40!. This value
depends on the magnitudeuku and phasea of the ratio of
K2* →rK and K2* →K* p amplitudes, which we take a
specified in Sec. IV B,uku52.38,230°<a<30°. The value
obtained when integrating over the entire Dalitz plot is rath
small, varying as a function ofa in the rangeR250.01
20.05.

Larger values forR2, which are less sensitive to correc
tions fromrK, are obtained by restricting the region in th
Dalitz plot over which one integrates. To be specific, let
consider a square region~A!, 0.71 GeV2<s13,s23

<0.89 GeV2, centered at theK* mass,s135s235MK*
2 , of

sides equal to twice theK* width. The value ofR2 in region
~A! is dominated by theK* contributions and, when neglec
ing ther contribution, is given by
R2A52
1

3

^upW 13pW 2u3Im@BK* ~s13!BK*
* ~s23!#sgn~s132s23!&A

^upW 13pW 2u2upW 1BK* ~s23!1pW 2BK* ~s13!u2&A

50.091. ~53!
e

riza-
s of

ith
3
ns

and

we
Including ther contribution modifies this value only mildly
to becomeRA50.07160.002, where we use the above va
ues ofuku anda.

One can easily see why the value ofR2A is positive.
While the variable in the denominator of Eq.~53! is positive,
the one in the numerator, containing a factor (s23
2s13)sgn(s132s23) is negative. The quantity
Im@BK* (s13)BK*

* (s23)# contains the relatively narrowK*
width, GK* 551 MeV. One may imagine a higher excited 21

resonance decaying to a pion and a wider 12 K-resonance
state, such asK* (1680), where subsequentlyK* (1680)
→Kp. In this case a larger value ofR2 can be obtained due
to a larger width.

VII. FEASIBILITY OF THE METHOD

In order to estimate the number ofB mesons required fo
a feasible measurement of the photon polarization param
 ter

lg in B→Kppg, let us first assume for simplicity that on
is able to measure separately decays through theK1(1400)
11 state. This will require the least number ofB’s, since this
resonance state was shown to lead to much larger pola
tion effects than the other resonance states. For final state
the typesK0p1p0 and K1p2p0, we calculated the inte-
grated up-down asymmetry of the photon momentum w
respect to theKpp decay plane and found it to be (0.3
60.05)lg . In order to measure at three standard deviatio
an asymmetry of20.33, as expected in the SM~wherelg
'21), one needs to observe a total of about 80 charged
neutralB and B̄ decays toKppg in these two channels.

When estimating the branching ratio for these events,
will assume that the exclusiveB decay branching ratio into
K1(1400)g is 0.731025, as calculated in some models@17#.
The decays K1→Kpp are dominated by K* p,
B„K1(1400)→K* p…50.9460.06, where we will take the
8-11
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central value. Using isospin, one finds that 4/9 of allK* p
events in K1

1 and K1
0 decays occur in the two channe

K0p1p0 andK1p2p0, respectively. One must also includ
a factor 1/3 for observing aKS ~from K0) through itsp1p2

decays. Overall, we estimate an observable branch
ratio of B50.7310253(4/9)0.94.0.331025 into
(K1p2p0)K1(1400) and B.0.131025 into

(KSp1p0)K1(1400). These branching ratios imply that, in o

der to observe the necessary 80Kppg events and to mea
sure their asymmetry at 3s, one needs at least 23107BB̄
pairs, including charged and neutrals. This estimate does
include factors of efficiency and background, which may
crease the number of requiredB’s by an order of magnitude

The Kpp invariant mass range 130021500 MeV which
we considered obtains also a contribution from the upper
of a lower 11 resonance at 1270 MeV, which decays
K* p and rK with branching ratios of (1665)% and (42
66)%, respectively~see Table I!. In order to suppress thi
contribution, which would interfere with theK1(1400) am-
plitude, one may study the upper-half mass ran
m(Kpp)5140021500 MeV, and extend it to 1600 MeV
for higher statistics. This range, which includes about hal
all B→K1(1400)g decays, may obtain a small contributio
from the lower tail of the wide 12 K* (1680) resonance a
1717 MeV, decaying toK* p andrK with branching ratios
of about 30% each. This resonance does not interfere, h
ever, with theK1(1400) state whose strong polarization e
fect one is using to measurelg .

In the above estimate of the required number ofB mesons
we have assumed separation of events originating from
K1(1400) resonance, rather than basing our estimate on
calculated decay distribution which combines the three ov
lapping resonances. It would be interesting to study the e
ciency of the method described in Sec. V, which extractslg
from the decay distribution combining all resonances. T
challenging task is beyond the scope of this paper,
i-
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should be treated more professionally by experimental m
ods when more data become available.

VIII. CONCLUSIONS

We studied a method for measuring inB→Kppg the
photon polarization parameterlg occurring in the effective
weak Hamiltonian describing radiativeb quark decays. The
SM predicts thatlg'21 (11) for B2(B1) and B̄0(B0)
decays. Different values, possibly with an opposite sign,
be obtained in extensions of the SM, such as the left-ri
model and minimal supersymmetry. The parameterlg was
shown to be measured through an up-down asymmetry of
photon direction relative to theKpp decay plane in the
Kpp center of mass frame. In the SM the photon prefers
move in the hemisphere ofpW slow3pW fast in B2 andB̄0 decays,
and in the opposite hemisphere inB1 andB0 decays.

We studied the amplitudes ofB→Kppg in the K reso-
nance region for a few distinct charged modes. Combin
contributions from several overlapping resonances in a m
range near 1400 MeV,K1(1400),K2* (1430) andK* (1410),
the general decay distribution was calculated. A method w
proposed for using this distribution to determine the pho
polarization parameter. Based on an up-down asymmetr
(0.3360.05)lg from K1(1400) alone, we conclude that
first measurement oflg can be performed with about 108 BB̄
pairs, combining charged and neutrals. This study can
performed at currently operatingB factories.
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