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Using the operator product expansion (OPE) technique, uwdydhe rare double radiative decay
B — Kyy in the Standard Model (SM) and beyond. We estimate the shstance (SD) contri-
bution to the decay amplitude in a region of the phase spaaehvidaround the point where all
decay products have energym,/3 in the rest frame of thB-meson. At lowest order in/in,
the B — Kyy matrix element is then expressed in terms of the uBual K form factors known
from semileptonic rare decays. The integrated SD brandtatig in the SM in the OPE region
turns out to beA (B — Kyy)SHE ~ 1 x 10-°. We work out the di-photon invariant mass distri-
bution with and without the resonant background throBgh K{nc, Xco} — Kyy. Inthe SM, the
resonance contribution is dominant in the region of phaseesmwhere the OPE is valid. On the
other hand, the present experimental upper limiBgn- 717~ decays, leaves considerable room
for New Physics (NP) in the one-particle-irreducible camition to B — Kyy decays. In this
case, we find that the SB — Kyy branching ratio can be enhanced by one order of magnitude
with respect to its SM value and the SD contribution can litsiole of the resonance peaks.
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Flavor changing neutral currents (FCNB-Xecays are of utmost importance in exploring and
shaping the flavor structure of the SM and its extensiongsesthey are forbidden in the Born
approximation and highly sensitive to NP contributionshie toops. Although many studies, ei-
ther experimentally or theoretically, have been devoted te sy andb — s/*/~ transitions, less
attention has been paid to the double-photon decays medigite — syy. At the quark level it
receives one-particle-reducible (1PR) contributionsrfitie b — sy transition plus an additional
photon and a one-particle-irreducible (1PI) term from anien loop with the two photons emitted
from that loop (see Fig 1). At the lowest order, the corresiimmn amplitude can be written as [1,2]

in2
o (b— syy) = —'eﬂ—GnZAthm’y g (3C1 +Co) KWS" — §c7vv7““ (PEu(k)ev(ke), (1)
where A; = VipVis and p(p') represents the momentum of thés)-quark. We denote by, ko
the 4-momenta and bg(k, ») the polarization vectors of the photons. The ten¥ufs andw.'
exhibit the contribution of the four-fermion operatafs, ~ (sy,Lc)(cy*Lb) and the photon dipole
operatoro7 ~ sa,yFHVRb respectively, and are given together with the loop fumciigin [1].

In this work we consider the exclusig— Kyy decay. Since its matrix element induced by
07 is non-local, it is difficult to estimate model-independgntPrevious works [3,4] used here
solely vector meson dominance models. Instead, we use QiREigeies, which allow td make
the matrix element local in a specific kinematic region byagiog appropriate photon energies
and thenii express the matrix element in terms of known form factorsec8jgally, we demand
both the internak- andb-quarks to be far off-shell, with virtualities of ordem,. For example, if
both photons have energieg /3, then the intermediate propagators of the 1PR diag(é)i@)z =
(P +kz1)? and(Q},)? = —((p—ka,2)> — Mp) equalm,/+/3 andmy/2/3, respectively. Then we
integrate out large scales of ordep. We construct the vertices in the effective theory out of a
bottom heavy HQET quark, and a strange collinear SCET quayk5,6]. Here,v= pg/mg and a
light-like vectorn = px/Ek, whereEg, px denotes the energy, 4-momentum of the kaon. Hence,
we perform an OPE ilqcp/Q, whereQ = {m, EK,Qig, V@) andg? = (ky +ko)2.

For the lowest order matching onto the- syy amplitude, we obtain after using the equations
of motion the following dimension 8 operators [1]

%)?a,,voaBRmeﬁFz“”, — 2imp X0 RAFFVESPERE . X LAFEPDaFop, + (1 2)

Wherelfw = 1/25WaBF“B and Wilson lines are understood yn TheB — Kyy matrix elements
are then obtained from tree level matching of the QCD ont®&GE&T currents [5,7,8] as

(K(n)[xhy[B(v)) = 2Ex { (Ek), (K(n)[Xouvhv|B(v)) = —2iEk{ (Ex) (Vunv —wwny)
<K(n)|)zyuhv|B(V)> = 2Ex {(Ex )Ny, <K(n)|)?o-qu5hv|B(V)> = *ZEKZ(EK)SuvaﬁVGnﬁa (2

where the form factof (Ex ) can be identified with the QCD form factor in the usual paraizet
tion, as¢ = f,. Itis the only form factor remaining in the symmetry limigdwn e.g. from studies
in B— K¢™¢~ decays. Analytical formulae for the — Kyy amplitude from the OPE are given
in [1].

An additional contribution t®8 — Kyy beyond the OPE is photon radiation off the spectator.
It is either kinematically excluded (soft gluons betweetiveoquarks and spectator) or suppressed
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Figure 1: Leading order Feynman diagrams for-b syy decays. Left plot: 1Pl diagram from four-fermion
operators, other two plots: insertion of/OFigure taken from [1].

by as. Annihilation contributions are leading power ifiQ, but suppressed by CKM elements or
small penguin Wilson coefficients (for further details, EEg.

Long-distance effects froB — (nx — yy)K, whereny =n.,n’,n. andB — (K* — Ky)y are
sizeable inB — Kyy decays [3,4]. Both th&*- and then()-channels require kinematics that is
outside of our OPE window. Therefore, we take in our analgsiy the charmonia, specifically
the nc and also the, into account. (The current upper bound @#B — x2K) implies that the
background from thg, is at least one order of magnitude down with respect to tHarsocae.) We
estimate the long-distance contamination frogyco with a Breit-Wigner ansatz fitted to data [1].

The resultingB — Kyy di-photon mass spectdl” /d¢? are shown in Fig. 2. (For cuts and
input, see [1]). The SD part of the SM spectrum (solid curgeyampletely hidden behind the
nc and thexq resonance contribution (dash-dotted curve). The intedr&D branching ratio in
the SM with cuts is smallA%(B — Kyy)20E ~ 1 x 10-°, with about 50 % uncertainty from the
renormalization scale. The contribution from 1P| SD diagsaonly gives a somewhat reduced
branching ratio(B — Kyy)2LEP! ~ 0.5 x 107°. Such small SD branching ratios for double
radiative decays are not a complete surprise. In fact, bafittge same order ingm as semileptonic
rare decays with branching ratios of fed0~’ [9], we expect withC, ~ 1.1 andC?M ~ —0.3

|KcQAC|? C7?
Co|?+[C10]2 " [Co|?+ [Cyo|?

The double photon decays are substantially suppressedasilect to the semileptonic ones, since
the di-lepton operators with large coeﬁicie@w ~ ¢'(4—5) are not contributing to the former.
To be comparable to the resonance contributions at leashie segion of phase space the SD
contribution has to be lifted by roughly one order of magiéwabove the SM one. At the same
time, such type of NP should not violate other data. A sizeabhancement of the photon dipole
coupling,C7, is excluded by data oB — Xsy, which forces/C7| ~ \073'\"\. More room for NP is in
the 4-Fermi operators, which contribute at higher ordds te sy decays. A possibility are large
non-standard (pseudo)scalar couplings to tﬁg@) = ZSRIx () 7. From#(Bs— 11177) <5%
[10] one obtainﬁ:ST(Pﬂ 5 700, which is also consistent with data on other rare deasglsah — sy
andb — s{™¢~, £ = e, u. In particular, large couplings are allowed because FCN&ykinto a
tau pair are essentially unconstrained to date. In othedsyatecays such & — 71~ andB —
K®1tt1~ have sizable room for NP. As can be seen from Fig.2, the quoreing maximal SD
B — Kyy spectrum with NP in the-couplings leaks marginally outside the resonance bacikgtro
Having a close look at the exclusi®&— Kyy decays, using the HQET and the SCET for-
malisms, we found that the resulting SD branching ratio @3 is small, order 1, in agree-
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Figure 2: Di-photon mass distribution of B> Kyy decays in the OPE region. The solid (dashed) curve
denote the SM pure SD contribution with (and without) the 1&/s. The dotted (double-dotted) curve
corresponds to a NP scenario witR & —700(+700) and G = 0. The dash-dotted curve is the SMincluding
the resonance contributions from the and thexc. Figure taken from [1].

ment with the expectations based on the semileptonic Bare K/*¢~ decays. We discussed
further contributions, including long-distance effecta B — n.K — yyK andB — XK — yyK.
Unfortunately, we found that the SM SD contribution is natessible behind the resonance peaks.
We have further explored the possibility of NP contributian B — Kyy. In particular, enhanced
FCNC couplings to taus can give via the 1PI-loop branchitigsaip to~ 10-8. The correspond-
ing maximal SD di-photon spectrum is then for some rangg® @bove the resonance background.
We conclude that it is difficult to test SD physics with exéhesB — Kyy decays. However, even
strongly resonance polluted, this mode could be usefulabgthe photon helicity ilh — sy via
interference of different resonance amplitudes, as paiate recently in [11].
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