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Abstract

We investigate a new method to probe the helicity of the photon emitted ih tiesy transition. The method relies on the observation of
interference effects between two resonance contributiBrs, K*(Ky)y andB — n:(yy)K or B — x.0(yy)K to the same final stat& y y .
Decays of the typeB — Kres(Ky)y dominate theB — Ky y yield throughout most of the phase space, and may be accessible at @&irrent
meson facilities already.
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1. Introduction asymmetries have been suggested as probes for new physics
beyond the SM6].
In this Letter, we point out the significance of contributions
Flavor-changing neutral currents are an important testingo the Ky y final state that occur via radiatively decaying kaon
ground for the Standard Model (SM) of elementary particlesresonancesB — Kresy, With Kyes being any kaon resonance,
The quark transitiod — sy has played an outstanding role in such ask*(892) or higher, that can decay &y . We will fur-
this respect by providing direct experimental evidence for theher show how these decays may be used to extract information
penguin diagram process, which is expected to be particularlgn the helicity of the emitted photon in tie— sy amplitude
sensitive to contributions from physics beyond the SM. Recenét future high-statistic®-meson facilities.
measurements of the— sy rate[1], however, agree very well It was first noted by Atwood, Gronau, and S¢nj that the
with theoretical predictiong], leaving little hope for observ- photon helicity inb — sy carries information on the underly-
ing hints of new physics via the decay rate only. Consequentlying interaction. While the SM amplitude fér— sy resultsin a
recent efforts have focused on finding additional observable dgsredominantly left-handed photon (right-handed for 5y),
grees of freedom related to— sy, such as CP asymmetries there are extensions of the SM that could alter the helicity of
or the helicity of the emitted photon, in order to subject thethe photon without affecting much the rate of the decay. Thus
SM to ever more stringent tests. In a similar vein, the decageveral methods for an indirect determination of the photon he-
B — X;yy and its exclusive manifestatioB — Kyy have licity in radiative B decays have been devised: (1) study of the
been studied in this contef8-5]. In analogy tob — si™i~, interference between » — sy and b — 5y, made possible by
the diphoton invariant mass spectrum and forward—backwarthe phenomenon aB®-B° mixing [7]; (2) analysis of thale-
cay photon by means of its conversionto ete™ [8] (see alsd9]
for the case of off-shell photons); (3) analysis of teeoil sys-
Torresponding author. tem arising from the hqdronizgtjon of thg s-quark in b — sy
E-mail address: thomas.schietinger@cern.¢h Schietinger). [10]; (4) use of apolarized initial state, i.e., b-baryon decay,
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to infer the photon polarization from angular correlations with
the final statd11,12] Yet another way to analyze the decay

photon is provided by the interference with another photon in

a well-known state arising from treame decay. For example,
B — K*(Ky)y can interfere withB — Kcc(yy), wherecc is
a charmonium state such asor y.o.

Photon pairs arising from. (/¥ = 07) decay are known
to be in an exact state of perpendicular polarizafiti, i.e.,
a state with photon spin orientation given hky - [e1(k1) x
e2(k2)], wheree; ande, (k1 andky) are the transverse po-
larization (momentum) vectors of the two photons. Similarly,
photons fromy.o (/¥ = 0") decay are in a state of paral-
lel polarization €; - €2). Thus we may use). and x.o as
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probes to analyze the polarization state of the photons from

B — K*(Ky)y, since photons fromy. (x.0) will only inter-
fere with the perpendicular (parallel) polarization component.

2. B— K*(Ky)y amplitude

The SM amplitude foB — K*(Ky)y as givenin Refl4] is
based on a description bf— sy in the framework of a leading-
order effective Hamiltonian,

GF
— 1
NG (1)
with Gr the Fermi constantC; the Wilson coefficient of the
local operatorO7 = (emb)/(lﬁnz)ELawbRF“”, e the elec-
tric charge,m;, the mass of thé-quark, F*¥ the electromag-
netic field tensor and,, = 5(vu»y — V). Vie and Vi

Hett = —4 Vib V;; C707,

Fig. 1. Decay distribution foB — K*y — Ky y in the plane of the two photon
energies (Dalitz plot).

(Ky)y'. Despite the suppression from the Breit—-Wigner res-
onance shape the effect of this interference amplitude results in
a substantial enhancement of the over-all branching fraction of
the decay. Indeed, from the distribution of events we find that
B(B — K*(Ky)y)~ 3.85B(B — K*y)B(K* — Ky). Com-
bining this estimate with recent experimental dat&or K*y

[14] and K* — Ky [15] we obtain branching fractions of
(3.54+0.35) for B9 and(1.54+0.15) for BT in units of 1077,

well accessible with the next generation®factorieg16] and
perhaps also at hadron collid¢ts] if backgrounds can be con-
trolled.

are the usual Cabibbo—Kobayashi-Maskawa matrix element8. Other contributionsto B — Kyy

The full amplitude is then given ag1g« = [TH*V(k1, k2) +
TVH(k2, k1) €y, (k1)e; (k2) with

empg F
THY (ky, ko) =
(k1, k2) 16,2
GFr
x4V Vi C7e*" ko (p — K1)y kap
950’ — (PB—k1)s(pB—k1)y/
o

2
M

X 5 -
(pB —k1)2 —m%. + img+ g+
x [ie"?"" (pg — k1)
— (& (s — k)" =" (s —kD")], (2
wherek; are the 4-vectorsE, p) of the photons, angp, pg
the 4-vectors of th& andK mesons. The constangeindF are

related to the coupling strengths f&* — Ky andB — K*y,
respectively, and are different for neutr&®) and charged de-

cays B™).

Other transitions yielding th& y y final state include a non-
resonant (short-distance) contributidn— sy contributions
via higher kaon resonances decayingtp, contributions from
n(yy)K andrn’(yy)K, as well as the analog contributions from
charmonium resonances.(andx. states).

The non-resonant contribution is negligible with respect to
the K* contribution everywhere in phase space. Our evaluation
of the amplitude given ifj4] confirms the small non-resonant
branching fraction of order 10 first reported by Hiller and
Safir[5] in contradiction to the value given [A]. Choudhury et
al. have recently acknowledged a numerical error in their com-
putations and published updated val{fg] in accordance with
[5].

The contributions from higher kaon resonances decaying
to Ky are difficult to assess with current experimental in-
formation. Recent measurements 8f— K;(1270y and
K3(1430y [19] and corresponding radiative width determina-

The decay distribution in the plane of the two photon en-tions for these resonancf)] indicate that the effectiv&y y

ergies (Dalitz plot) is shown ifrig. 1 It exhibits the typical

branching fractions from these higher resonances are in the

(1+ cog ) shape along the resonance lines, as expected faame range as fdtf*(892). Since a number of other kaon reso-
the decay of a pseudoscalar particle into a pseudoscalar amdnces may contribute to this final state, the ovealb Ky y

two vectors via an intermediate vector resonance state. It aldaranching fraction due to kaon resonances could be an order of
features a non-negligible fraction of decays in the central remagnitude larger than our estimate 6t only, bringing it to a
gion of the Dalitz plot, outside the two resonance lines. Thidevel that may be accessible at currently runnthactories. In
region is populated by decays receiving contributions fromview of the coarse experimental information available we leave

both amplitudes,B — K*y — (Ky')y and B — K*y' —

these contributions to future investigations and assume here that
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Table 1
Branching fractions for the cascade dec8ys> K (cc) — Kyy, where(cc) =
ne, 1e(29), xc0, Xc2, as far as they have been measyigs)21]

Resonance Bcay—syy BpoBica) Bp+Bcz)
(10-%4 (1077 (1077)

nc (2986 43+15 52+25 39+18

xc0(3415 26105 <13 08+0.2

Xc2(3556 2.464+0.23 <0.10 <0.07

1:(29 (3638 - - -

their effects can be subtracted or isolated for the purpose of this
study.
While the contributions fromy andy’ are sizable, giving ef- Fig. 2. Schematic illustration of the constraints in fig-C plane obtained

fective branching fractions of up ta8.x 105, they result in oM & Spectrum measurement 5f— Ky (under the assumption of neg-
ligibly small strong phases). The gray circle depicts the region allowed from

photons of relatively low energy. This will render the ObserVa"inclusiveb — sy measurements, the solid diagonal lines represent the solutions
tion of interference effects with thB — K*(Ky)y amplitude  corresponding to the.—K * andx.g—K * interferences, with dashed lines indi-
experimentally difficult. We will therefore focus on the more cating mirror solutions in the case where the interference signs are unknown.
promising charmonium resonances occurring at higher ener-
gies. Table 1summarizes the relevant experimental data forfollowing we assume the Wilson coefficients to be real, i.e., we
these resonances. Among the charmonium resonances;only do not consider additional sources of CP violation beyond the
and x.o are known both to decay into two photons and to beSM.
produced inB decays with an associated kaon, so that we will Taking account of the symmetry properties of the ampli-
restrict our analysis to these two resonances. tude (2) it is straightforward to incorporate the emission of
To model the amplitudes\,,. ,, for the B decays to a right-handed photon by adding a parity-inverted term pro-
ne(yy)K andy.o(yy)K we use a general Breit-Wigner ansatz portional to C5. Evaluation of the full amplitude then shows
along the lines described in R§5]. Thus we neglect variations explicitly that then.—K* interference term is proportional to
in the amplitudes beyond the Breit—-Wigner form. Bor> n.K (C7 — C%) while the x.o—K* interference term is proportional
we follow the factorization approach employed in Hél. The  to (C7+ C}). These interference terms are accessible to experi-
full amplitude for B — Kyy, including the three resonance ment: they manifest themselves as enhancements or reductions
contributions, is then given by in the diphoton mass spectrum 8f— Kyy decays near the
resonance peaks, depending on the signs involved. The Wilson
Mior= M + &5 Mye + Ex0Mco: () coefficientsC; and C}, may thus be cleanly extracted from the
wheres,_ ., = £1 denote unknown relative interference signs.observed diphoton mass spectrum, if the signs of the interfer-
Note that in this simplified approach, the relative strong phasesnce terms are known (and relative strong phases are negligible,
between the decay processes are assumed to be real. While theee Sectiorb). Unfortunately, neither of the two interference
are good reasons to question this assumption, we neverthelesigns is known model-independently today, such that, even un-
choose to study the relevant observables first in this approxder the assumption of negligibly small strong phases, only val-
mation in order to investigate and illustrate the potential of theues for|C7 — C%| and|C7 + C4| could be derived from a mea-
methodin principle. In Section5 we will consider the case with  sured spectrum, leading to a four-fold ambiguity in the solution

arbitrary relative strong phases. for (C7,C%), seeFig. 2 In spite of the four-fold ambiguity, a
measurement of these interference terms may still represent a
4. Interferencetermsand asymmetries valuable test of the SM. Recall that the overall normalization

|C71% +|C%|? is given by the inclusivé — sy rate and hence
To study the role of the interference terms as photon polaralready known from experiment. Ifig. 3 we show diphoton

ization analyzers, we generalize the SM amplitude Bor> mass spectra for various valuesa#’? _ C§’)/ /C$+ C§2 for

K*(Ky)y to include an amplitude for the emission of a right- d ith itive interf . dth h
handed photon from the-quark. Following Ref[12], we add fut ecay, with positive Interference signs assumed through-

a right-handed component to the operator from Eg. (1), . . I
9 P peratoy a-(1) Experimentally, the interference terms are most readily iso-

i.e.,C707 — C707~|—C§0§,With Oé: %ERGMUbLF“”,de- . . )
scribing the emission of a right-handed photon. In this picture!ated by means of asymmetries. An observable that is partic-

the probability fx for the emission of a right-handed photon ularly convenient to extract the. interference is the charge
from the b-quark is given by the corresponding Wilson coeffi- asymmetryAc, defined as
cient, fr = |C5I?/(1C71? + |C4|?). The naive SM estimate for dr=Jdm,, —dI'* jdm,,
this fraction isfz ~ 0.1% based o€,/ C7 ~ mg/m;, fromthe  Ac(myy) = ——= ;
. 7 dIr'=/dmy, +dT'*/dm,,
chiral structure of théV-boson couplings to quarkg]. A re-
cent study including other operators that contribute te syz with 't = '(B* — K*yy). An analog asymmetry may be
finds thatfz may be as large as 1% within the JRP]. Inthe  defined for neutralB decays, where experimental difficulties

(4)
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Fig. 3. Diphoton mass spectra f8r— — K~ yy for various values of the nor- - 1 ]
. . > , Fa ; ]
malized Wilson coefficientsy andc7. < 0.8F 3
E _
. . : 0.6F 3
arise from flavor tagging, compensated in part by the larger sta- 2 Eo ]
tistics available. Here we only consider the charged decay. In & 04f ; R ey S
Fig. 4a) we show the expectet- for various combinations of § 0.2F Ty W\
c7 andc’. It exhibits the typical shape of a Breit-Wigner inter- N S———— 7 ——e,=10,¢/=00 X
ference around the position of thye resonance, with a distor- e e e o, =\lz12, ¢ =\l2r2 .
tion at higher energies due to the presence ofitagesonance, o2t e e °7=':E’2’ °v':;5’2 3
. . . e Eo\- "»' ----- c,=-1.0,¢, = 0.
which forces the_ charge asymmetry to zero in its vicinity. The -04f \"- e, =Nz, ¢, = N2r2
value of the maximum asymmetry below thepeak is a direct e —C 1 ol
measure ofc7 — ¢), we find A§®* ~ (0.37 £ 0.02)(c7 — ¢4) 0 0.2 0.4 0.6
Am_, [GeV]

for positive interference sign. The error is dominated by the un-

certainty in _theqc branching fracnon, se@ble 1 Fig. 4. (a) Charge asymmets: (m) and (b) peak asymmeteyy, o (Am )
_ The xco interference, being CP-eyen, cannot be extracteg, yarious values o7 and ¢h. Al interference terms are assumed to have
in the same manner. Instead we define a charge-averaged pgskitive sign.

asymmetry around thg.,

(C7 — C%) and(C7 + C?), but rather on cog, (C7 — C;) and
—— = , (5) cosp,,(C7+ C%). Thus the extraction of useful information
dI(m=)/dmy, +dI'(m™)/dm,, on C7 andC} entirely hinges on the knowledge of the relative
wherem* =m, , + Am,,, andI" = (I't + I'")/2. The ex-  Strong phaseg,, and¢, . This severely limits the applicabil-

pected peak asymmetry is showrFii. 4(b), again for various ity of the method for the time being.
combinations of7 andc’. It is dominated by the sought-after ~ Conversely, we may of course note that once the photon po-
interference effect, since the distribution 8f— K*(Ky)y larization is known from one of the other proposed methods, a

events is rather flat in that region. For values/of,, well ~ Mmeasurement of the abpve defined asymmetries may serve to
belowm,, — m,, (at which pointA, , = 1 due to the;. peak) ~ IMprove our understanding of the strong phases at play.

we find Amx ~ (0.404 0.01)(c7 + ¢4) for positive interference

sign. In this case the error mainly originates from the uncer6. Experimental considerationsand conclusion

tainty in they.o branching fractionTable ).

dr(m™)/dmy, —dI (m*)/dm,,

Ayo(Amyy) =

Apart from the strong phase problem, the principal experi-
5. Uncertainty from strong phases mental limitation for such a measurement will be the required
statistics ofB decays. To arrive at a rough estimate of the re-
In our simplified approach within the factorization approxi- quired order of magnitude & mesons, we note that some®10
mation we have neglected the effect of relative strong phasedean B — K*(Ky)y decays would be necessary for a mea-
between theB — K*y and B — n.(x.0)K decays. Recent surement distinguishing between the case of maximum asym-
evaluations forB — D [23] and B — nr [24], however, in-  metry from that of zero asymmetry. Factoring in branching frac-
dicate sizable strong phases, thus casting into doubt our initidlons and typical reconstruction efficiencies for radiative decays
assumption. ateTe™ B factories(x~ 10%) and hadron collidergx 0.1%) we
In the presence of strong-phases the coefficiépts,, in  find that several 1¥ (10'2) neutral or charge@ mesons would
Eq. (3) simply become ex@¢,, . ,.,), Where ¢, ,, denote be needed in the case of ahe™ (hadron) collider. These num-
the relative strong phases between the-> K*y and B — bers are compatible with expected annual production rates at
ne(xc0)K amplitudes. The corresponding interference termduture facilities being proposed.6] or built [17]. Of course,
appearing in the&k yy spectrum will no longer only depend on many experimental issues remain to be addressed within the
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available [7] D. Atwood, M. Gronau, A. Soni, Phys. Rev. Lett. 79 (1997) 185.

o . lusi is that tributi f K [8] Y. Grossman, D. Pirjol, JHEP 0006 (2000) 029.
ur main conclusion Is that contributions 1rom Kaon reso- g1 p \elikov, N. Nikitin, S. Simula, Phys. Lett. B 442 (1998) 381.
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