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We study decay distributions iB— K 77y, combining contributions from several overlapping resonances
in aK 7o mass range near 1400 MeV! K,(1400), 2" K} (1430) and I 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
the Kzrr decay plane in th& . frame. We calculate a dominant up-down asymmetry of 8.885 from the
K1(1400) resonance, which can be measured with abo¥itBR pairs, thus providing a new test for the
standard model and a probe for some of its extensions.
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[. INTRODUCTION and in order to appreciate the immediate potential of apply-
ing this new idea at currently operatirg) factories, while
Measurements of inclusive radiati® meson decay8 other methods require higher luminosities or new experimen-
— Xgv [1] provide an important test for the standard modeltal facilities, let us recall all previously proposed methods
(SM), and set stringent bounds on physics beyond the SNI7].
[2]. In addition to the rather well predicted inclusive branch- In the first suggested methd@] the photon helicity is
ing ratio, which was studied extensively both experimentallyprobed through mixing-induce@P asymmetries. The time-
and theoretically3], there is a unique feature of this processdependent asymmetry &°(t)—Xg5 y, whereX$"=K*?
within the SM which drew only moderate theoretical atten-— K g7° or X§7=p°— 7+ 7, follows from interference be-

tion and which has not yet been tested. Namely, the emitted, .o, 80 and B® decay amplitudes into a common state of

photons are left handed in radiatiBs andB° decays and  definite photon polarization. The asymmetry is proportional
are right handed i * andB° decays. In the SM the photon to the ratio of right-to-left polarization amplitude’g/A, ,
in b—sy is predominantly left handed, since the recsil for small values of this ratiga few percent in the S\Mand
quark which couples to @ is left chiral. This prediction of may reach a maximum value of order one in extensions of
approximatelymaximal parity violationholds in the SM to  the SM. For a time-dependent measurement, one must mea-
within a few percent, up to corrections of ord®g/m,. It sure the distance of th& decay point away from its produc-
applies also in exclusive radiative decays when includingion. It is hard to trace &*° decay back to its point of
long-distance effectp4]. While measurements of the inclu- production, since ifK* °— K g7 the K5 decays after travel-
sive radiative decay rate agree with SM calculations, no eviling some distance. This is not the case B3 p°y, where
dence exists for the helicity of the photons in inclusive andthe p° decays promptly tar" 7, allowing thereby a time
exclusive decays. measurement. HoweveB’— py is suppressed by a factor

In several extensions of the SM the photonkirssy  |Vig/Vi¢? relative to B(B®—K* y)~4x10° [9], and one
acquires an appreciable right-handed component due texpects its branching ratio to be only about 20 ¢. CP
chirality flip along a heavy fermion line in the electroweak asymmetries at a level of a few percent, as expected in the
loop process. Two well-known examples of such extensionSM, require an order of £0B mesons. A smaller number of
are the left-right(LR) symmetric model and the uncon- order 1§ B’s, as envisaged in near future experiment8at
strained minimal supersymmetric standard mod@8SM).  factories, can provide constraints on possible large asymme-
In the LR model chirality flip along thé quark line in the tries, namely on large values 8i;/A, , and would thereby
loop involves W, -Wg mixing [5], while in the MSSM a improve bounds on certain parameters of the new physics
chirality flip along the gluino line in the loop involves left- models.
right squark mixind 6]. In both types of models it was found In a second scheme one studies angular distributions in
that, in certain allowed regions of the parameter space, thB— y(—e*e )K* (—Kr), where the photon can be virtual
photons emitted ith— sy can be largely right-handed polar- [10] or real, converting in the beam pipe to an electron-
ized, without affecting the SM prediction for the inclusive positron paif11]. The correlation between tlee' e and the
radiative decay rate. This situation calls for an independenk* — K planes is sensitive to the photon polarization. The
measurement of the photon helicity, which therefore bedistribution in the angle between tiker ande™e™ planes is
comes of immediate interest. isotropic for purely circular polarization, and the angular dis-

Several ways were suggested in the past five years to loakibution is sensitive to interference between left and right
for signals of physics beyond the SM through photon helicitypolarization. Namely, the deviation from isotropy involves
effects inB— Xgy. To set the stage for the present proposal,(again a parameteAg/A, measuring the mixture of left and
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right polarizations. One expect§(B—K*e*e )~(1—2)  of a method, by which interference effects between overlap-

X 107° [12]. Therefore, the number d's required here to  PiNg resonances can be resolved, thereby providing a way of
measure a photon polarization effect, in the SM or in themeasuring the photon polarization parameter with only mini-

presence of new physics, is comparable to the correspondirfg@l model dependence. _ _ o
number required for the previous method. In addition to the above-mentioned final states which in-

In a third method usingA, decays[13], A,—Avy volve a neutral pion, we also consider extensions of the

: Do thod to two other resonance decay channels involving
, one measures directly the photon polarization. The"® . _ a .
by y b P only charged pion& " 7+ 7~ andK®#* 7 ~, not considered

forward-backward asymmetry of the proton with respect to. : ; NN

the A, in the A rest frame is proportional to the photon in [15]. We explalr_l the sources of theoretical uncertainties in
b . . , studying polarization effects in these decays.

polarization. Using polarized ,’s [14], one can also mea-

The basic idea of the method is introduced in Sec. II,
sure the forward-backward asymmetry of themomentum  here it is shown in general that certain observables in

v_vith respect to theé\, boost axis. This asymm(_etry_is propor- (K ..Kar)y decays are sensitive to the photon polar-
tional to the product of thé., and photon polarizations. This jzation. Several relevant final states are listed to which this
last scheme can only be applied in extremely high luminosityneasurement can be applied. These final states involve a
e’e” Zfactories. We note that the two methods basedgn  kaon and two pions of specific charges. Section Il considers,
decays measure directly the photon polarization, whereas ther resonance states of specific quantum numbers, the gen-
other two types of measurements usiBglecays are sensi- eral structure of the weak decay amplitude Bf> (K es
tive to interference between amplitudes involving photons_, K 77) y in terms of the photon polarization. It is shown
with left- and right-handed polarization. All methods can that the polarizations corresponding to individual resonance
probe deviations from approximately pure left handedness agates are all identical to a polarization parameter defined by
predicted in the SM. Wilson coefficients in the effective weak Hamiltonian.
In the present paper we wish to elaborate further on &trong decays of several resonance states with different
method proposed very recently in a short leftE5] (see also  quantum numbers are studied in Sec. IV. Angular decay dis-
[16]), which measures directly a fundamental parameter iRriputions of B—Kmmy, sensitive to the photon polariza-
the effective radiative weak Hamiltonian describing the pho+jon, are calculated in Sec. V. A method is presented for
ton polarization. This method, based on radiafvéecays to  determining the photon polarization parameter from decay
excited kaons, makes use of angular correlations among th@stributions, in spite of involving contributions from several
three-body decay products of the excited kaons. It wagyverlapping kaon resonances. Section VI presents numerical
shown [15] that in decaysB*—[K; (1400)-K°m* 7%y  results for the expected up-down asymmetry parameters.
and B°—>[Kg(1400)—>K*7r*7-r°]y the up-down asymmetry Section VII contains a discussion of the experimental feasi-
of the photon momentum with respect to tKerm decay bility of the method, followed by conclusions in Sec. VIII.
plane in theK .sframe measures the photon polarization with
?. ra_lther hlgh eff|C|enqy. For apprOX|mater Complete polar- Il. WHY AND WHICH THREE-BODY DECAYS OF K oc?
ization, as expected in the SM, the asymmetry integrated
over the entire Dalitz plot was calculated to be 0.34. Here we The first measured radiativé decays 9] were exclusive
study this asymmetry in some more detail than{15]. In  decays into the first excited kaon resonance st&e,
particular, we calculate carefully theoretical uncertainties due—K* (892)y, with branching ratios of aboutX4107° . Ra-
to an admixture oBandD waves inK;—K* 7 and due to a diative decays into a higher excited resonance state,
possible small decay rate injgK. Assuming the radiative K3 (1430), were observed more recently, both by the CLEO
branching ratio intok;(1400) to be around but somewhat and Belle Collaborations:
below 10°° [17], such an asymmetry can be measured at
currently operatind factories. B(B—K3(1430)
The K77 invariant mass region around 1400 MeV con-
tains several kaon resonancesg with different quantum num- =(1.66f8:§§i0.13§><10 ° (CLEO[18)),
bers. We give further details for calculations of angular dis-
tributions corresponding to these resonance states. Whereas =(1.50°023' 619 x10°°  (Belle[19)). 1)
the axial-vector stat&;(1400) introduces a large up-down .
asymmetry, the other two states, a tenkgi(1430) and a In these experiments the* (892) andK3 (1430) resonance
vectorK* (1400), lead to a much smaller asymmetry and tostates were identified throggh thédrr decay _channt_els. In
no asymmetry, respectively. Separation or projection of thesBOth cases the correspondikigr decay branching ratios are
individual resonance contributions is therefore crucial, in orlarge, (49.2-1.2)% in the case ok3 [20].
der to achieve a high efficiency in measuring the photon In the case oK3 , decay branching ratios int¢* (892)x
polarization parameter in the effective radiative weak Hamil-and pK are also sizable, (24:71.5)% and (8.%70.8)%,
tonian. It is shown that this parameter measures the photoiespectively{20]. These modes lead &= final states. As
polarization in decays to all individud resonances. Inter- we will argue below, in order to probe the helicity of tkg
ference between the different resonances, which was disréer any other resonangeand thereby determine the photon
garded in15], would introduce uncertainties in the measure-polarization, one must study the resonance decays into final
ment of the polarization parameter. Here we present detailstates involving at least three particles. First measurements
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of B decays into a photon and three-body hadronic finalThe decay rate for this phase space restricted process is much
states, involving &K« invariant mass in the kaon reso- smaller than the decay rate through an excited resonance
nance region, were reported recently by the Belle Collaborastate. A simple estimate of the nonresonant contribution can
tion [19]. As will be explained below, this experiment can be be made by noting that the ratio of nonresonant to resonant
used to measure the photon polarization. Kmmy events, with an invariant mass of widthy
Let us explain first the necessary conditions for a mea-~200 MeV is aboutFKresl[MB—(ZMerMK)]~4%. We
surement of the photon polarization through the recoil hadassumed here for simplicity equal total resonant and non-
ron distribution. We will also consider the essential ingredi-resonant branching ratios, with a flat distribution in Kve 7
ents of the measured physical system which are necessary f@ivariant mass for the latter.
a theoretically clean measurement, that is, a measurement We conclude that the theoretically cleanest calculation of
which involves a minimal amount of hadronic dependence.a K= 7y decay amplitude, in which final state interaction
Since the photon helicity is odd under parity, and sincephases can be computed most reliably from pure isospin con-
one only measures the momenta of the photon and of theiderations, corresponds to cases in which only the first kind
final hadronic decay products, helicity information cannot beof interference exists. We will focus our attention on cases
obtained from two-body decays of the excited kaon. A hadwhich are dominated by such interference, which permits a
ronic quantity which is proportional to the photon helicity theoretically rather clean measurement of the photon polar-
must be parity odd. The pseudoscalar quantity, which conization through decay distributions.
tains the smallest number of hadron momenta, is a triple !N Sec. IV we will study the decays of thréeresonances,
product. Thus, one requires at least a three-body hadron?él(l"'go)’f* (1410) andKj;(1430), with quantum num-
final state recoiling against the photon, in which one carP€rsJ =1",1" and 2", respectively. The most general re-

. . S s s sult for the decay amplitude involves relative strong phases
form a parity-odd triple produgd, - (p,X p2) in the K reso- betweerK* 7 andpK amplitudes and between different par-

nance rest frame. Hefe, is the photon momentum, while,  tial waves. In order to have a measurement which can be
andp, are two of the final hadron momenta, all measured incleanly interpreted in terms of the photon polarization pa-
the recoiling hadron(a K-resonancerest frame. Applying rameter, these phase differences must be known, at least
parity, the average value of the triple product has one sign fogrudely. This is the case in the decals(1400)— K,
a left-handed photon and an opposite sign for a right-hande#hich are dominated bi¢* 7 intermediate states, and where
photon. some information is known both about t8e-D admixture

But here there seems to be a theoretical difficulty. A triplein the K* 7 channel, and about the magnitude and phase of
product correlation is also odd under time reversal. Sincéhe smallelKp amplitude. . _ _
time-reversal symmetry holds K-resonance decays, the de- _Parametrizing resonance amplitudes in terms of Breit-
cay amplitude must involve a nontrivial phase due to finalVigner forms, known to be a rather good approximation,
state interactions. Such a phase is usually suspected of bei}lf!dS @ calculable strong phase. As mentioned, the remain-
uncalculable and hard to measure. This strong phase origﬁ- strongbphazes ca]}ln be estimated in some cases using ar-
nates from the interference of at least two amplitudes |eadin§umegts% ased on fiavor 32 symmetry, or can Ie ex-
to a common three-body final state. Noting that e acted from resonance production experiments. In many
decay modes of excited resonance states around 1400 M NP ects, this method is similar to measurng fheeutrln_o

. ) . . N elicity in 7—aqv,, where the corresponding phase differ-

(to which we will draw our attgntlomre dom.mated t.’K T ence is calculable in terms of the two interfering— pm
and pK c_hannels[ZO], let us list the three kinds of interfer- amplitudes corresponding to two different- charge assign-
ence which one may encounter: ments[21—23.
Let us list the channels through which excited kaons may

(1) Interference between two intermediake’ = states decay into distinct charged 7 states:

with different charges, for instand€* * 7% andK*°#*, de-
caying to a commorK’7" 70 state. These two amplitudes

are related by isospin; consequently the strong phase is cal- K** 0
culable purely in terms of Breit-Wigner forms. Kieoq K¥Omt b KO * 70, 2
(2) Interference betweeld* = andpK amplitudes. In sev- ptKO
eral cases these amplitudes can be related b{3)Sldnd
SU(3) breaking can be obtained from measured decay w0+
branching ratios of excited kaons intd = andpK. In some K* K+t e 3
cases relative strong phases are extracted from resonance pPK* oh T @
production experiments.
(3) Interference between different partial waves iKtor K>+ o
or pK. In certain cases the ratio of these partial wave ampli- o 400 -
tudes and their relative phases were measured in resonance Kres—) K ¢ KT 7™ 7", 4
production experiments. p KT
Since we will consider & 77 state with an invariant mass K+
in a narrow band £ 100 MeV) around 1400 MeV, we will [ i ]—>K°7r*7-r (5)
neglect the direct nonresonant radiatiBe-K 7y decay. p°K?° '
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K ts and K2 occur in radiativeB™ and B® decays, respec- the operatorsO;z and O transform to each other,
tively. No interference is present in the amplitudes for thePO;gP "=, . This gives

two final statesK* 7% and K°#%#°, which can be pro- _ _ _ _
duced only throughk* * 7% andK* 7% modes, respectively. (K&s (1) ¥r(T)O7rIB)= (K1) yr(T)|PTPOPTPIB)
We note that, in the isospin and narrow resonance width 0L —

limits, and assuming a vanishipd contribution, the partial =P(KQ (M (D]0[B), O
decay rates of each of the mod@s and(3) [(4) and(5)] for

; . . wh h icl lati h
K. (K2) is equal to 4/9 of the total decay branching ratic Vhere the arrows denote particle momenta relative tozthe

direction. Under a rotatioriR, around they axis through

into K. 180°, the states transform &&J,M)=(—1)""M|J,—M).
Applying this rotation to the right-hand side of E®) gives
. B>Kmay IN TERMS OF A PHOTON POLARIZATION Eqg. (8).

PARAMETER Together with the equality

Consider the radiative decays into a given kaon resonance
stateB(bq)—K{y. Let us denote the weak radiative am-
plitudes by c("=A(B—K{y,) and c¥=A(B—K{y,),  Eq.(8) shows that, for a given resonance, the weak ampli-
for left- and right-polarized photons, respectively. The pho-tudescy andc(” are proportional, up to a sign, to the Wil-

<KEQSL7L|O7R|§>:<KEie)sR7R|O7L|§>:0! (10

ton polarization inBHKSQSy is given by son coefficient€, andC,_, respectively, and to a common
hadronic matrix element aP,g, g{(0)
ek 12— Ic{?
T leR P[P n=— o Vevig0). (11
R - L | - C(LI) \/E Pi(_l)Ji—lC7L th tsg+( ) ( )
Let us show that the ratids{y/c{"|, and therefora\(), This impli
are equal for alK resonance states, and are given by funda- 'S MPles
mental couplings in the effective weak radiative Hamil- () 5 5
leg’l  |Crl |C7al*—|CrL|

tonian. The effective Hamiltonian has the general structure (h— =\

|C(Li)| Cal 7 |C7R|2+|C7L|2 "

(12

4G

V2

e — 1+
O7L,R—@mb30}w 2

Hrad= — VipVis(C7rO7r+ C7 . O71),

Namely, the photon polarization B— K.y is common
R to all K resonance states and is given purely in terms of
Wilson coefficients. We will refer to the quantily,, defined
75bF”“” by Wilson coefficients, as the photon polarization parameter.
’ We note that the above argument does not depend on the
form factor matrix elementg'’(0) betweenB and K\,
where the Wilson coefficientS;, andC-g describe the am- which were calculated in several modéls].
plitudes ofb— sy for left- and right-handed photons, respec-  Now, consider the decaﬁ(ba)_,iwﬁ% to which sev-
tively. Because of the chiral structure of thé" couplingsto  eral overlapping kaon resonandég)s contribute. Let us de-

quarks in the SM, the amplitude for the emission of a Ie1‘t-note the stron ; N 0)
. . ) ; g decay amplitudes f6f).— K= by A" and
handed photon ilb—sy is enhanced relative to that for a A, corresponding to a left- and right-polarized resonance,

right-handed photon bYC;g/C,; =m¢/my. This property : . : . .
. respectively. The radiative differential decay rate can be writ-
holds also when adding to Eq7) the four-quark operators ten as a sum of contributions from left- and right-polarized

01 », which have the same/(— A) X (V—A) chiral structure hotons
as the couplings producing the dominant penguin operatd? '

O7_. On the other hand, much larg&,g/C,_ ratios are cHAl) 2
permitted in LR and MSSM extensions of the SM. dp(g_,fmy):‘z %

Parity invariance of the strong interactions relates the am- i s—M{—iM;T
plitude of b— sy for emitting a left-handed photon through Al 5
0, to the amplitude for emitting a right-handed photon N 2 CL'AL (13)
throughO;g, T s—MZ—imI|

(KRRl O7rIBY= (= 1) P(KE 9|07 |B), (8)  wheres=(py+p,, +p,)?is the invariant mass of the had-
_ . ronic Ko7 state. The two terms do not interfere in the par-
where J; and P; are the resonance spin and parity, andtjal decay rate sincén principle the photon polarization is

Kt denote states with helicities 1. measurable. Using Eqél1) and(12), one finds
To prove this relation, let us assume for definiteness that

the photon moves along thez axis and theK resonance  dI'(B—Kmmy) = (| Agl2+|AL|?) + N (| Arl2—|AL]?),
along the opposite direction. Under a parity transformafon (14
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where

Ax=2 gVARBI(9),
(15
A=2 Pi(=1)7 " 1gPALB (s),

and where

1

B/(s)=———————
I( ) S_Miz_iFiMi

(16)

are Breit-Wigner forms involving the masé; and width[’;
of a resonanc .

The term in the decay distributidii4), which is sensitive
to X, involves the differencg.Ag|?—|.A. | For a single
resonancek (), it is proportional to]AD|2—|A{(|2. There-
fore, a measurement of the photon polarization parameter

is sensitive to asymmetries between the resonance decay a
plitudes|AY| and|A"|. Such a measurement can be directly
translated into information about the ratio of Wilson coeffi-

cients|C,r/C5.|, which is given in the SM byng/my, im-
plying A ,=—1 (+ 1)+ O(m?/m?), for B (B) decays, re-

PHYSICAL REVIEW D66, 054008 (2002

L7}
,
FIG. 1. Resonant contributions
p to the decayK,.sc—Kmm, pro-
ceeding throughk* 77 and pK in-

K, p3 termediate states.

()

and parity conservation in the resonance decay implies that
the right-hand side vanishes. In this case one would have
P,=\,. This is not true for several interfering resonances
for which a relation similar to Eq(18) does not hold in
general. Namely, the photon polarization param&tgcoin-

cides with the photon polarizatidd,, in B— Ky only for
a process proceeding through a single resonance.

IV. STRONG DECAYS KoKz

In the resonance mass regid,..—=1300-1500 MeV,
which we consider, there exist sevet@lresonances with
different quantum numberd®, which decay toK . We
list these states in Table |, specifying their masses, widths
and decay branching rati$20].

The strong decay of a kaon resonarGg, into a three-
body K 777 final state proceeds through the graphs shown in
Fig. 1, with intermediat&k* 7 and pK states. In the follow-
ing subsections we use these diagrams to compute for the
three resonances around 1400 MeV the strong decay ampli-
tudesA() and AY) appearing in the rate equatiofisd) and

).
A. Decays ofK (1400 (JP=1%)

TheK;(1400) decays predominantly K* (892)= with a
branching ratio of (946)%, and topK with a much

spectively. We will show that such a determination issmaller branching ratio, (3:63.0)%. Both decays occur in
essentially free of hadronic uncertainties, and can be per mixture ofSandD waves. TheD to Swave ratio of rates
formed even in the absence of any information about thén the K;—K*(892)7 channel was measured to be small,

strong matrix elementg!” .

0.04+0.01[20,24. No similar measurement exists for the

It is interesting to note the relation between the photorpK channel.

polarization parametex,,, which is defined in(12) in terms
of Wilson coefficients, and the photon polarization &
—Kmmy. The latter can be defined by
_F(§—>E’JT7T’}/R)_F(§—>K7T7T’)/L)
7 F(§—>E7TW7R)+F(§—>K7T7T’)/L)

| aPslAE- 140D+, [ dPSIAR AL

[ aPsiladz+ia®+x, [ dPalag- 1AL
1

wherefdP Sdenotes an integral over entire phase space. For

a single resonance, one has
| dpsjanz-1a?

=|g<+‘>Bi<s>|2fdPalAg)lz—lAﬁ”lzx (18)

The invariant matrix element fokK,—K* 7 (and simi-
larly for K;— pK) can be parametrized in terms of two com-

plex couplings AK™) and B(K™),

A(Kl(pls)_)K*(plasl)ﬂ-(pfn’))
=AK) (g% )+BE)(e"*.p)(e-P,),
(19

where momenta and polarization 4-vectors are specified for

each of the particles. The couplings“™) and BK*) are
related to the partial wave amplitudeg andcp through

% MK 571'
AK) =gt cp—
OM s + Egs
(20
* Exx — My
B0 g+ e MKt
K,Pz
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TABLE |. Kaon resonances with masses in the region 1250—-1450 MeV decayin§ inta

Resonance JP (M s, 19 (MeV) Decay mode BK%)

K,(1270) 1 (1273+ 7, 90+ 20) pK 42+6

K* 7 16*+5

K& (1430)r 28+4

K 1(1400) 1 (1402 7,174+ 13) K* 7 94+ 6
pK 3.0£3.0

K*(1410) 1T (1414+ 15, 232+ 21) K* >40

pK <7

K% (1430) 2+ (1425.6+ 1.5, 98.5-2.7) K* 7 247£15
(chargedK?) pK 8.7+0.8

In the nonrelativistic limit,My —Mx <My, this reduces graphs shown in Fig. 1 by convoluting amplitudes such as
" ; ) sz Eqg. (19) with the amplitude folK* — K which is propor-
to the more familiar couplings -e'*)+c . , X .

-y > 172,72 pA g ﬁS(s ° )I D[(Z Pr) tional toe’ - (p,— Pk). The modeg2) and(4) obtain contri-
X(e"* -pr) —3P7(e-&"*)]. (Asimilar partial wave decom- p, yigng from all three graphs Figs(al—1(c), while in the
position was perfor.med |rﬁ22] Wl_thln the context ofall1 modes(3) and (5) only the graphs Fig. (8 and Fig. 1c)
—pm decays. Leaving out isospin factors, the am*phtude contribute. In the first case, isospin considerations imply that
(19) |mp|IES the f0IIOW|ng result for theF(Kl—>K 7T) the two K* contributions from Flg Ga) and Flg Ib) are

width: » antisymmetric under the exchange of the two pion momenta.
[(K,—K*m)= |CS|2|p_7T|2 We_will write down g_eneral expressions for E@®) and(3),
87M K, noting that the amplitudes of the proces¢ésand (5) have
correspondingly similar forms.
|§7T|5 The amplitude for the proces®) can be summarized in
+]cpl? (21)  the rest frame of th&; by the following expression:

Am(Egs +2Myx)?’

+ + 0 0
where the two terms correspond to tBevave andD-wave MK (p.g) = (p) ™ (p2)K(Ps))
pgrtlal widths, respecnvely.-A similar parametrization can be _ 0151' 5_(3252_ :, (22)
given for theK;—Kp coupling.
Using the rate formulé21) and the measured value of the where
D to S ratio of width, one finds |cp/cg=(1.75

+0.22) GeV 2. The relative phase between tie and S Ci(S13,529) = C*)(S13,599) + CP (13,559,
wave amplitudes was measured [24] to be Jp/s 23)
=Arg (cp/cg)=260°*+20°. These values can be used to de- sij=(pi+ pj)Z_

termineAK™) and BK*) from Eq. (20). .
The amplitude foiK ;(1400)— K 77 is obtained from the The explicit expressions foa&{") andC{" are

(K*) 2 (K*) mj— mj
Ci (3131523):?9K*K7TA 1+ 2 Bix (S23) — 2Bk (S13)
K*
+?gK*K7TB —| 1+ Ve (Mg, E1—mi)+2p;- Pz B« (S29),
K*
. 2 . m?2—m3
C(zK )(3131523):?9K*K17A(K N1+ M2 Byx (S13) — 2B (S23)
K*
(K*) mi_m% 2
+ 3 9 kaB | 1+ —5— [ (Mg, Eo=m3) +2p;- pp | B+ (S1a), (24)
K*

1

V3

1
Cgp)(sl31523) = gpﬂ'ﬂ'A(p) Bp(512) —ﬁgp'ﬂﬂ'B(p) M Kl(El_ E2) Bp(SIZ)y
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1 1

C(P) S13,S = 71_ﬂ_A(P)B S +
2’ (S13,S23) \/§gp o(S12) \/§

whereBg+(sj;) andB,(s;;) are Breit-Wigner functions

BK*(Sij):(Sij_Mi*_iM ks Ds) 71
2 -1 (25
B,(sij)=(s;j—m;—im,[,)" "

The corresponding amplitudes for the mod8sand (5) are
obtained from Eq(22) by settingBg«(S13)—0, and multi-
plying theK* 7= part by — /2 and theK p part by — 1/y/2. Al

PHYSICAL REVIEW D66, 054008 (2002

ngrﬂ'B(p)M K:I_( El_ EZ) Bp(512)7

the relative contributions of theK andK* 7 amplitudes in
terms of two complex ratios of corresponding partial wave
amplitudes forSandD waves,

Kksp=|Ksp|e'*sP= \/:—S’,IcD  Ser .
! ! Zc(K )
)

(26)
Ok*Kn

amplitudes are symmetric under the exchange of the twdén the absence of experimental data on the individual partial

pions, as expected from Bose symmetry.
Whereas theK;(1400) decays predominantly t§* 7,
the small measured branching ratio iptl, 3+=3%, which

widths for thepK mode, these parameters cannot be deter-
mined at present. Some measure for giecontribution can
be obtained by neglecting thB-wave admixture in this

only implies an upper limit, may have a nonnegligible effectmode and assuming that the measured wittihwhich only
on the decay distribution from which the photon polarizationan upper limit existsis pureS wave. With this approxima-
is measured. In order to estimate this effect, we parametrizgon, the coefficient<; in Eq. (22) are given by

2_ 2
Cp m;—mj Co
Ca(513,52%| 1+0.08E2 || | 1+ —5—| B(s0) — 2B(sy9) | + | 0.384+ -2
Cs M Cs
2_ 2
X| =1 1+ —=—|(Mg,Es—mi)+2p;-p; |B(Sz3) + k[ 1-0.63XE; —E;)|B,(S12), (27)
K*

and C,(p1,p2) = C1(P2,P1)-
The absolute value of the ratieg can be obtained from
the measured widths for the respective modes

|C(spK)|2 Bg(K1— pK) |5K*1T|
. —— . TS =0.043, (29)
lcsw ™7 Bg(Ky—K* ) |ppK|
ral? 2T, |Pkal?
9pmal® 20, [Pl —316 29

|gK*K7'r|2 1—‘K“"‘ “371'77'3

where we assumed that the measus&dbranching ratio is

pure Swave and is given by the central value. Thus we find

from Eg. (26) |kg|=0.45. The relative phases was mea-
sured in[24], and was found to lie in the range 28%g

<60°. In our subsequent numerical calculation we will use

the range| kg =0.32+0.32, corresponding t#B(K;— pK)
=0.03+0.03, and will scan the values of the phasgin the
above range.

B. Decays ofK3 (1430 (J°=2%)

The K% (1430) decays t&* 7 andpK in a pureD wave,
with branching ratios of (24%1.5)% and (8.7 0.8)%, re-

spectively. The invariant amplitude fork* 7 final state is
written in terms of a single coupling,

AKZ (p,e)—K*(p1,e1)m(p2))

= ng K* wi ea,Byb‘S?I_( apBS ypprpg’ (30)

and a similar expression can be written fd{K% — pK).
The amplitude folK3 — K7 obtains contributions from the
three graphs in Fig. 1. Their computation gives for charged
K3 decays of the typ€2):

M(K3 " (p,e)— 7" () 7(p2)K°(P3))
i Eaﬂyypapfpgsluv[plvBK* (823)

+P2,Bk*(S13) T k(P1,+ P2,)B,(S12) ]
(31)

A similar expression is obtained for neutk decays of the
type (4). Here again, Bose symmetry requires the amplitude
to be symmetric under an exchange of the two pions.

The ratio of thepK and K* 7 contributions is param-
etrized by a complex parameter which is defined in a way
similar to Eq.(26),
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_ 3 9kipk g M(KT(p,e)— 7(py) 7(p2)K)
K:|K|ela=\/; LT (32 .. .
Ikik* o Ik*Kar g - (P1X P2)[ By (S13) + By (S23)
+K’Bp(512)]1 (36)

Using the measured branching ratios of these modes, one
finds for the absolute value of the first ratio,
where k' parametrizes the ratio gfK and K* 7 contribu-
e * > 5 tions. The information on the magnitude of this ratio from
|gK2pK| _ B(K3 — pK) |Pl<*w| =1.2, (33  measured branching ratios is limited to a rather weak upper
|9kskeal? BKS—K*m)  [pkl® bound.
It is quite simple to argue from a general principle that the
decay amplitud€36) leads to a radiative decay distribution
We will argue now that also the phase of « can be which is insensitive to the photon polarization. The only

constrained using available experimental data. Let us Corparity-inva:iant decay amplitude which can be constructed
sider first the phasel of gpﬂ'ﬂ'/gK*Kﬂ'! the second factor in from theKl polarlzatlon vectoe and the final mesons mo-
«. This ratio, given in Eq(29), is predicted to be/8/3 inthe  menta is proportional te - (p;X p,). Its square is invariant
SU(3) limit. The small SU3) breaking in the measured value yndere ., ;<>&_, and therefore cannot be used to measure
of this ratip(about 3% sugge_sts that its phase is also small.the photon polarization.

Now consider the first ratio i, ngpKng; k* - Although

SU(3) symmetry does not predict this ratio, it is possible to
determine its phasa, by noting that in the S(B) limit the V. ANGULAR DISTRIBUTIONS

: * *
amplitudes for the decays; —K*w, K;—pK and As explained in Sec. Ill, Eqg14) and(15) and the sub-
a,(1320)— pm satisty a triangle relation, sequent discussion, the sensitivity to the photon polarization
parameter is manifested through an asymmetry between the
decay distributions of right- and left-polarizéd resonance

which gives|k|=2.38 when applying Eq29).

+ 0 + 0
AKS T —K* "o HEA(K; —p K states. In order to compute this asymmetry, one has to
specify the orientation of the decay produbts 7 with re-
=A(a; (1320 —p* 7). (34  spect to the so-called helicity axis, defined to be along the

photon momentum direction and opposite toéit:—ﬁy.

a, is given by the relative phase of the amplitudes on théNorking in the rest frame of th& 77 state, we define the
left-hand side. Using the measured widths for these modesormaln to the K plane asﬁ=(51><52)/||51>< 5z|- The
one finds that, although the triangle does not close at therientation of theK system with respect to the helicity
central values of the measured amplitudése right-hand  5is ¢ is given in the most general case by three angles
side of Eq.(34) is slightly larger than the algebraic sum of . T
the amplitudes on the left-hand sidét closes with a very (9,_¢,¢). TW_O pol_ar aDgI_es &.4), with cos@_—n'ez, de-
small anglex, when errors are included. Namely; is close  Scribe the orientation af with respect te, . A third angley
to zero in the SI(B) limit. Allowing for some SU3) breaking gunobservable in this capparametrizes rotations around the
effects, we will use in our numerical estimates below values, axis. In the subsequent study we will derive angular dis-
for = a;+ a, between—30° and+30°. A small phase in tributions in the angle, integrating over the azimuthal angle
this range was measured inkg resonance production ex- ¢.
periment[ 24]. In Ref. [15] angular distributions were studied fd@
— Ky separately for the three resonandég(1400),
K3 (1430) andK* (1410). Here we will study the most gen-
eral decay distribution combining all three overlapping reso-

The K7 (1410) decays predominantly K" 77 in a pureP  nances including their interference. The structure of the am-
wave, with a branching ratio Iarg_er than _4(1% 95% C.L), ~ plitude of §_>E7T777R,Lv given in Eq.(15) for right- and
while an upper bound of 7% exists for its decay branchingeft-polarized photons, can be obtained by summing over
ratio into pK. The invariant amplitude describing the first contributions calculated in the preceding section for the three

C. Decays ofK* (1410 (JP=17)

decay is K resonance states. One finds, in the rest frame oKther
AKE (p,&)—K* (p1,81)(p2) system,
=0kxkx 7l €(P,&,87 ,P2). (35 _
ArL(B—=Kmmyg )
Using Figs. 1 to calculate three contributions, one finds the =A(g+-J)EB[(g+-N)(gg-K)
KT —Kmm amplitude in the rest frame of the decaying reso- : L : L
nance, +(e+-K)(gg-n)]=C(e-n), (37
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where the polarization vectoks are defined in terms of, J=Cyp;—Cyp,,

and two arbitrary unit vectors, ande*y in the plane perpen-

dicular toe,, K=[p1 X pal{p1[ B+ (S23) + k,B,(S12)]
. 1 . . .. + o[ By« (S13) + k,B,(S12) 1} (40)
siziﬁ(ex:ﬂey), g9=6,. (38 2ABicr (819 1,8, (812 ]}

In the limit of isospin symmetryIZ is symmetric under
The three terms in Eq.37) are obtained from intermediate s ;—s,5, while J changes sign.

K es States with quantum numbed=1%,2" and 17, re- The dot products in Eq37) can be expressed in terms of
spectively. Their strong decay amplitudes were given in Eqsthe angles §, ¢, ) described above,

(22), (31) and(36), respectively. In order to obtain the sec-

ond term from Eq(31), we used the following expressions o i _ L

for polarization tensors corresponding to right- and left- e.-N=—-—=sinfke* '’ g, -n=cosé,

handedK3 of helicity +1: V2

v l v v = k1 l i .
8’21=E(8’2180+85811), (39 si-JzIﬁe“*”[(cos(j)\]ﬁsm(j)\]y)
Wheregfnzo (m==1,0). Ficosf(singpJ,—cosgpdy)], (41
The coefficientsA,B,C include the strong matrix ele-
mentsg) and the Breit-Wigner forms defined in EL6). &o-J=sind(sin $J,—cosply).

The vectorsJ,K (lying in the decay plane oK#7) are
functions of the Dalitz variables;s,s3. Explicit expres-  Similar expressions hold far.. -K andey- K.

sions forJ and K are obtained from Eqs(22) and (31), Squaring the amplitud€37), and integrating ovet, one
respectively, finds

1.
+|BJ? Z|K|2(c0520+co§20)

if do|Ar L |2=|Al? E|5|2(1+cos°-¢9)+£cos¢9lm[ﬁ-(5><5*)]
27 RL 4 )

IO 1
+-c0sfh cos 20im[n- (KXK*)] +|C|2§sm20

N| -

+

%(3 co€6—1)Im[AB*n- (JXK*)]=coSORq AB* (J- K*)]}. (42)

The interference terms between the and the other resonances vanish identically upon integrationgyvbut there remains
a nonvanishing interference between file=1" and 2" contributions, manifested in the last term.

The decay distribution fo§—>i¢rwy is readily obtained as a function of the photon polarization parameter

ar —A21521 ¢ 1>\| n-(JIx J* 13.21|Z2 S
W—| | Z' [?(14co 6)+§ Jm[n-( )]cos6 +|B| Z' |°(cos 0
1 .o 1
+co§20)+§)\ylm[n~( X K*)]cosé cos 20 +|C|2§sm20
1 IO .
+15(3 co§6—1)|m[AB*n-(JXK*)]+)\yRe[AB*(J-K*)]cos°’0]. (43

This decay distribution is sensitive 1o, through the second up-down asymmetry of the photon momentum with respect
terms in thg A|2, |B|? and in the interference contributions. to theK 7 decay plane.

Each of these three terms introduces an asymmetry between Noting the symmetry properties df (odd) andK (even

the decay rates for right- and left-polarized photons. Thisunder the exchange of;; and s,;, one can see that after
asymmetry, from which\, can be determined, describes anintegrating over the entire Dalitz pléor any symmetric part
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of it), the asymmetry terms proportional [ia|2, |B|? aver-
age to zero. In order to avoid this loss of polarization infor- R,=

mation, we introduce a new angié defined by co®
=Sgn@13—Szg) COSH. An equivalent definition off is the  and are calculable quantitigsee discussion belgw The
angle between-p, and the normal to the decay plane de-complex coefficients;,(s) andc;,(s), appearing in the ex-

fined bY PgowX Prast; WHerepgow and Prase are the momenta  pression for the 1—2" interference terms, are given by

of the slower and faster pions in thér7r center of mass Lo

frame. C12(8) =(SQN(S13—Spa)J- K¥),
Expressed in terms o, the radiative decay distribution

(14), integrated over a region of the Dalitz plot, has the fol-

lowing general form:

1 (sgnsis—Sp9)lm[n- (KX K*)])
6 (IK]?)

; (47

. (48)
C1(S)=(N-(IXK*)).

Now let us describe a possible procedure which allows a
measurement of the photon polarization parametgin the
presence of the three interferifgresonance contributions.
First, one has to determine the three coefficieu$ (i
=1,2,3) parametrizing the relative radiative decay rates into
the three resonance states. In principle, this can be achieved
by fitting data to theK 77 invariant mass distributio5),
consisting of the sum of three Breit-Wigner forms. However,
this may be difficult in practice, since the masses of the three
resonances are too close to each other, and statistics may be
insufficient for decomposing the destribution into a sum of
three different Breit-Wigner widths. A complementary way
of determining the coefficients;| for the three resonances is
then to use their spin-parity characteristic angular decay dis-
tributions into two-body or quasi-two-body statgk3,19.

where(- - -) denotes integration over a region of the Dalitz This analysis can be applied kor final states for measuring
|c,| and|cs| and toK* 7 states for measuring,|, |c,| and

plot. After integrating overd, the interference terms in the |
last line vanish, and the rate is given simply by a sum ofl 8
Breit-Wigner forms corresponding to the threresonance

d’T

edood 4|c1| Bk, (9)|%(|3|?){1+ cosd+ 4\ R, cosb}

1 . ~
+Z|02|2|BKz(s)|2(|K|2>{co§E+co§20
+12\ ,R,C0s0 cos 2§}+|c3|ZBKI(s)sinZé

* * ’ 1
+1Imlc;c5 By, (5)By (5)c1,l5 (3 cosh—1)
2

+\,RecyC} BKl(S)B;*; (s)ci,]coshf, (44

Next, we write the angular distributiof¥4), integrated
over a range is centered around th€,(1400) resonance, as

states, L~ o
a sum over the seven functions @fappearlng in Eq(44),
ar 2 R 2 -
—===lcd X137 [Bk (9) >+ ] e X([K|?) Bk (s)]? o [ d2r
ds 37 R 2 F(mzf 2 dfi®, (49
4 Smin dsd cosd =1
T el2Buy ()2
+3|c3| [Biy ()] 9 where fi(x)=1+cosx, fy(x)=cosx, fz(x)=cosx
+cos’-2x, fo(x)=cosXcosx, fg(x)=sir’x, fg(x)

In Eq. (44) we introduced explicit expressions f8;B,C in

(3 co$x—1), f,(x)=cosx. The three coefficientsl; 55

terms of Breit-Wigner forms with the mass and width of theare obtained from the corresponding values@f;, 4. For

K resonances with quantum numbe¥s=1%,2% and 17,
respectively

A(8) =B (s), B(S)=C;Bks(9),

example,

1 max J|?
d :—|01|2f “ds <|2| ) :
Smin (S_MKl) +MK1FK1

(50

46
C(s)=c3Bxx(s), 49 The extraction of the remaining coefficients is slightly com-
plicated by the fact that two of the functiorig(x) are not
where ¢;x(K ()t y |0, |B) are proportional to the decay linearly independent
amplitude into the resonance stal

The coefficientsR; andR, multiplying the polarization-

sensitive terms in the decay distributions are defined such
that (cosf )= RN, and(cosf)= Ro\, for decay rates domi-
nated by thel®= 1+ or the 2" resonances, respectiveRy,
andR, are expressed in terms of Dalitz plot averages,

G(X)_ (X)l

f1(x)—
1 (52)
f2(x) =5 [F20) +Ta(x)].

Nevertheless, fitting the angular distributiBgé) in Eq. (49)

to a sum of five independent functions 6f allows one to
determine the linear combinatialy — d,. [Alternatively, d,
—d,4 may be obtained by projecting out the part proportional

aol (sgr(s15—Spa)Im[n- (I J*)])
b2 (1312)
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to cosd by integration with an appropriate weight function, ~0-32, 20%as<60°, we find values oR; in the range

#(0)=5 cosf—7 cosd.] Since this combination is propor- R,=0.22:0.03, where in Eq(47) we integrate over the

onal he oh larizati b entire Dalitz plot. The uncertainty iR; combines an uncer-
tional to A, the photon polarization parameter can be ex-5inty of 0,02 due to the ratio dd- andS-wave amplitudes
tracted from the following ratio:

in the K* 7 channel, and an uncertainty af0.02 due to the
pK amplitude. We conclude that the integrated up-down
N = d>—d, (52) asymmetry originating inK; alone is quite large, (0.33
Y 4Ryd;— 12R,d3” +0.05)\, .
The corresponding asymmetry in thé¢*7*7~ and
KOz * 7~ channels is smaller. Here only oke 7 interme-
VI. CALCULATIONS OF R; AND R; diate state contributes, and the dominant asymmetry is due to
interference betweeb and Swave amplitudes in this chan-

X nel. It is proportional to sidy5 and, sincedp,s is not far
metry of the photon momentum with respect to erm from 37/2, one findsR;~ —0.07 sindy,s~0.07. The correc-

decay plane in th& s frame. For decays dominated by, tion from the pK channel may change this value by about

and K3 they are defined such thatcosf)=Ri\, and 509, depending on the value of the strong phage
(cos#)=R,\,, respectively. In the case &, the integrated Next, consider the decays of thg (1430) resonance dis-
up-down asymmetry is given by (3R}\,, while in the cussed in Sec. IV B, from which the value B defined in
case ofK} the integrated asymmetry vanishes. Here we willEQ. (47) is calculated through Eq&25) and(40). This value
show thatR; and R, can be computed quite reliably with depends on the magnitude| and phasex of the ratio of
some dependence on the hadronic parameters desckhing K3 —pK and K3 —K* 7 amplitudes, which we take as
andK? decays. specified in Sec. IV Bjx|=2.38, —30°< a<30°. The value
We start by considering the decays of #g(1400) reso- Obtained when integrating over the entire Dalitz plot is rather
nance discussed in Sec. IV A, and discuss first decays to fingmall, varying as a function o& in the rangeR,=0.01
states involving a neutral pioi’7 " 7° andK "7~ 7%, The =~ —0.05.
parameterR,, defined in Eqs.(47), can be calculated by Larger values foR,, which are less sensitive to correc-
applying Eqgs.(23), (24), (25) and (40). Its value depends tions frompK, are obtained by restricting the region in the
somewhat on two pairs of hadronic parametég/cg| and ~ Dalitz plot over which one integrates. To be specific, let us
Soss, the magnitude and phase of the ratiolbfto Swave ~ consider a square region(A), 0.71 GeV<sS3,S;3
amplitudes ik, —K* 77, andks andas, the magnitude and <0.89 Ge\?, centered at th&* mass,s;s=S,3=M%, of
phase of the ratio o&wave amplitudes ifK;— pK andK; sides equal to twice thi€* width. The value oR; in region
—K* . Varying these parameters in the measured rangesA) is dominated by th&* contributions and, when neglect-
|cp/cgd =1.7550.22 GeV 2, 8p,5=260°+20°, ks=0.32 ing thep contribution, is given by

The parameterf; and R, measure the up-down asym-

1 (|psX 52|3|m[BK*(513)82*(323)]597-(513_ S23))A
RZA: - § > S o = > 2 =0.091. (53)
(IP1X P2|*|P1Bk+ (S29) + P2Bkx (S13) ) a

Including thep contribution modifies this value only mildly X\, in B—Kmmy, let us first assume for simplicity that one
to becomeR,=0.071+0.002, where we use the above val- is able to measure separately decays through<t{d.400)
ues of| x| and . 1* state. This will require the least number®, since this
One can easily see why the value Bb, is positive.  resonance state was shown to lead to much larger polariza-
While the variable in the denominator of E§3) is positive, (o effects than the other resonance states. For final states of
the one in the numerator, containing a factoszg:( the typesk®m* 7 and K* 7~ #°, we calculated the inte-
—S19S0NG13—S9) IS negative.  The  quantity graied yp-down asymmetry of the photon momentum with
Im[ By (S19) By (S29] contains the relatively narrovk*  respect to thek o decay plane and found it to be (0.33
width, I'» =51 MeV. One may imagine a higher excited 2 =0.05)A,. In order to measure at three standard deviations
resonance decaying to a pion and a wider K-resonance an asymmetry of-0.33, as expected in the SMWhere\
state, such ax*(1680), where subsequentl¢*(1680) ~—1), one needs to observe a total of about 80 charged and
—Kar. In thi; case a larger value &; can be obtained due . tralB andB decays toK wy in these two channels.
to a larger width. When estimating the branching ratio for these events, we
will assume that the exclusivi®@ decay branching ratio into
K,(1400)y is 0.7x 10 °, as calculated in some mod¢Is7].
In order to estimate the number Bfmesons required for The decays K;—K#wm are dominated by K*,
a feasible measurement of the photon polarization parametéd(K,(1400)—K* 7)=0.94+0.06, where we will take the

VII. FEASIBILITY OF THE METHOD

054008-11



MICHAEL GRONAU AND DAN PIRJOL PHYSICAL REVIEW D66, 054008 (2002

central value. Using isospin, one finds that 4/9 ofkaflm  should be treated more professionally by experimental meth-
events inK; and K? decays occur in the two channels 0ds when more data become available.

Ko7 7% andK ™ 7~ 7%, respectively. One must also include
a factor 1/3 for observing Kg (from K°) through its7™ 7~
decays. Overall, we estimate an observable branching we studied a method for measuring By~K 7y the
ratio  of B=0.7X10 °X(4/9)0.94=0.3X10"°> into  photon polarization parametar, occurring in the effective
(K" o™ WO)K1(1400) and B=0.1x10""° into  weak Hamiltonian describing radiatiliequark decays. The

(Ksm " 7°)k (1400 These branching ratios imply that, in or- SM predicts that\ ,~—1 (+1) for B~(B") and B9(B?)
der to observe the necessary 8@y events and to mea- decays. Different values, possibly with an opposite sign, can

sure their asymmetry atd one needs at least2l0'BB be obtained in extensions of the SM, such as the left-right
model and minimal supersymmetry. The parametgemwas

pairs, including charggd and neutrals. This estim.ate doe; n%own to be measured through an up-down asymmetry of the
include factors of efficiency and background, which may 'n'photon direction relative to th&w= decay plane in the

crease the number of requiré by an order of magnitude. - center of mass frame. In the SM the photon prefers to
The K7 invariant mass range 136500 MeV which move in the hemisphere @y, X Pragin B~ andBP decays

we considered obtains also a contribution from the upper tail, ", ) Tslow™ Mfast o '

of a lower 1" resonance at 1270 MeV, which decays toand in the opposite hemispheredt andB° decays.

. . . We studied the amplitudes &— K7y in the K reso-
*
K* @ and pK W_'th branching ratios of (165)% and (42_ nance region for a few distinct charged modes. Combining
+6)%, respectively(see Table ). In order to suppress this

SR ) . : contributions from several overlapping resonances in a mass
Cﬁgg:“t'gﬂ'e W?r'g‘ Wg;ﬂg '”tter:‘;ereu""'t:r_tr?;]}(lrﬁggg am- _range near 1400 MeXK ,(1400), K (1430) andk* (1410),
Pn(Km,-r)— 1400— 1%00 Me)</ and el>3<tpend it to 1600 Me\? the general decay distribution was calculated. A method was
ST . ’ T roposed for using this distribution to determine the photon
for higher statistics. This range, which includes about half Oigolarization parameter. Based on an up-down asymmetry of

all B—K;(1400)y decays, may obtain a small contribution
from the lower tail of the wide 1 K*(1680) resonance at (_0'33i 0.05)\, from K,(1400) alone, we _conclude that a
1717 MeV, decaying t&* = and pK with branching ratios first measurement of,, can be performed with about 48B

of about 30% each. This resonance does not interfere, hovP2irS: combining charged and neutrals. This study can be
ever, with theK ,(1400) state whose strong polarization ef- Performed at currently operatirt§ factories.
fect one is using to measule, .

In the above estimate of the required numbeBahesons
we have assumed separation of events originating from the We thank Yuval Grossman and Anders Ryd for an enjoy-
K1(1400) resonance, rather than basing our estimate on thable collaboration which initiated this study. This work was
calculated decay distribution which combines the three oversupported in part by the Israel Science Foundation founded
lapping resonances. It would be interesting to study the effiby the Israel Academy of Sciences and Humanities, by the
ciency of the method described in Sec. V, which extracfs U.S.—Israel Binational Science Foundation through Grant
from the decay distribution combining all resonances. ThifNo. 98-00237 and by the DOE under grant DOE-FGO03-
challenging task is beyond the scope of this paper, an@7ER40546.

VIIl. CONCLUSIONS
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