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Abstract

We estimate the beyond the Standard Model (SM) contribution t@the— yy double radiative decay in the framework of the model with
one universal extra dimension. This contribution gives 8(6)% enhancement of the branching ratio calculated in the SMBfgy) — vy
(without QCD corrections).

0 2006 Elsevier B.V. All rights reserved.

1. Introduction On the other hand there is possibility to enhance above men-
tioned decays in extended versions of the SM. It was shown that
The exploration of B-physics, including rare decays ofin extended versions of the SM (multi-Higgs doublet models,
B-mesons, are one of the central issues of the physics prgupersymmetric models) one could reach a branching ratio as
grams at running and forthcoming accelerator facilities. Thearge as B¢(B; — yy) ~ 10~6 depending on the parameters of
processB;,s — yy, which is the subject of this Letter, has a the models. This enhancement was achieved mainly due to ex-
clean experimental signature: the final photons will be easily:hange of charged scalar Higgs particles within the loop. There
detected in the experiments. It would be noted that the two fiexists an analogous possibility in other exotic models as well
nal photons produced in this process may be both in a CP-evesr the scalar particle exchange inside the loop, which could
state and in a CP-odd one. This circumstance provides a nofotentially enhance this process. For example, the Appelquist,
conventional source for CP-violation in B-physics. In general,Cheng and Dobrescu (ACD) model with only one universal ex-
the process; s — yy is sensitive to effects beyond the Stan- tra dimensior{19] presents us with such an opportunity. One
dard Model (SM). The above-mentioned experimental interes§hould note that in the above approach towers of charged Higgs
stimulates efforts of theoretical groups as w@h-18]. More  particles arise as real objects with certain masses, not as ficti-
precisely,B; 4 — yy was calculated in the framework of the tious (ghost) fields.
SM with and without QCD corrections, in multi-Higgs doublet  |n this Letter we aim to calculate the contributions from
models, and in supersymmetric models. these real scalars to th& s — yy decay. The article is orga-
Itis known that in the SM the double radiative decays of thenized as follows: in SectioBsome useful information about the
By 4 mesons B, 4 — yy, first arise at the one-loop level with  ACD model, necessary for the calculations, is provided. Sec-
the exchange in the loops by up-quarks ainebosons. Branch-  tion 3 is devoted to the calculation of the pertinent amplitudes.

ing ratios for above decays are of the orderof0~"(107%) in  |n Section4, numerical estimates of the branching ratios are
frame of the SM. discussed.

" . 2. Useful information on the structure of the ACD-model
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which extra dimensional effects can be relevant could be aroundtilizing the following notation$25]:

afew TeV. The first proposal for using large (TeV) extra dimen- ® @ ®

sions in the SM with gauge fields in the bulk and matter local-C;~ = —m3 Vij, Cp =my Vij,
ized on the orbifold fixed pomts.was Qeveloped in He#]. Cfel) — Mmg.,./) Vi, Cg) — —MX”/) Vi,
Models with extra space—time dimensions can be constructed

i . i j 2 2 2 1
in several ways Amo.ng_ them the following major approache%[w(n) —m (azkn)) = M2+ -, )
are most remarkable: (i) the ADD model of Arkani-Hamed, R

Dimopoulos and Dval{20]; in this approach all elementary whereV;; are elements of the CKM matrix. The mass parame-
particles except the graviton are localized on the brane, whileers in Eq.(2) are defined as

the graviton propagates in the whole bulk; (ii) the RS model 0 m

of Randall and Sundrum with a warped 5-dimensional spacemg) =—Mwcim) + ——’s,-(,,),

time and a nonfactorized geomef#2,23]; (iii) the ACD model R Mw

of_ Appe_lquist, Cheng and Dobrescu (sp-called Un_iversal Extrang) = Mwsim) + %%cim),
Dimensional Model), where all the particles move in the whole w
bulk [19]. It is this latter type of model that we will consider in Méi’f) — ﬁﬂc,’(m,
the following. R Mw
In the Universal Extra Dimension (UED) scenarios all therli’i) - Eﬂsi(,,). A3)
fields presented in the SM live in extra dimensions, i.e. they R Mw

are functions of all space-time coordinates. For bosonic fieldgiere, My and the masses of up (down)-quarks (m ;) in the

one simply replaces all derivatives and fields in the SM Laright-hand side of Eq(3) are zero mode masses and the),

grangian by their 5-dimensional counterparts. These are thg,, stand for the cos and sin of the fermions mixing angles,

U(Dy- andU(2),-gauge fields as well as tt&J (3)c-gauge  respectively,

fields from the QCD-sector. The Higgs doublet is chosen to be

even underPs (Ps is a parity operator in the five-dimensional tan 2x s, = —f, n>1 4

space) and possesses a zero mode. Note that all zero modes n/R

remain massless before the Higgs mechanism is applied. Mhe masses for the fermions are calculated as

addition we should note that as a result of the action of the

parity operator the fields receive additional masses/R af- n? 2

ter dimensional reduction and transition to the four-dimensionaf"/™ = | g2 +m )

Lagrangians. . L -
In the five-dimensional ACD model the same procedure fo#n the phenomenological applications we use the restriction

gauge fixing is possible as in the models in which fermions arél/R > 250 GeV and hence we assume that all the fermionic

localized on the 4-dimensional subspace. With the gauge fixed "9 angles except:(,) are equal zero.

one can diagonalize the kinetic terms of the bosons and finall S ¢ B in the ACD modd with
derive expressions for the propagators. Compared to the SM: r(l;'cture.o s,d > yy Inthe model with one
there are additional Kaluza—Klein (KK) mass terms. As theyeXtra Imension

are common to all fields, their contributions to the gauge boson . o
mass matrix is proportional to the unity matrix. As a conse- The Feynman graphs, describing the contributions of scalar

quence, the electroweak angle remains the same for all KKphysicaI states to process under consideration, are shown in
modes and is the ordinary Weinberg angje. Because of the 19 1 _

KK-contribution to the mass matrix, charged and neutral Higgs | "€ amplitude for the decalj; « — yy has the form
components withh # 0 (» being the number of the KK-mode) “ v . o

no longer play the role of Goldstone bosons. Instead, they mi;(B — yy) =€ (key (k) [Aguv + lBEMWxﬂklkzﬁ]. (6)
with W5i and Zs to form, in addition to the Goldstone modes This equation is correct after gauge fixing for the final photons
G2, andGy,, three additional physical state§, anda( .1t ~ which we have chosen as

is precisely the role of these additional charged physical states

m

to double radiative neutrab-meson decays that is studied in €1-k1=¢€2-ko=€1-kz =€2-k2=0, 7)
this Letter. _ _ _ wheree; ande, are photon polarization vectors, respectively.
The Lagrangian responsible for interaction of charged scalafhe condition Eq(7) together with energy—momentum conser-
KK towersag, with the ordinary down quarks reads vation leads to
" € -P=¢-pr1=¢-p2=0, (8)
A D D
L= Qi) (CL"PL+C;7)ag,d; where
VM)
g2 - 2 2 P=ki+ky and pi1=p2+ki+ko. 9)
+ Ui(n)(C£)PL ~|—C£ ))azkn)dj, (1)

5

M Let us write down some useful kinematical relations which are
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