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Using the most general model independent form of the effective Hamil-
tonian the rare decay Bs — vo+y is studied. The sensitivity of the photon
energy distribution and branching ratio to new Wilson coefficients are in-
vestigated.
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1. Introduction

The experimental observation of the b — sy [1] and B — X7 [2] pro-
cesses opened a window to study possible rare B meson decays, which will
give important information about Cabibbo-Kobayashi-Maskawa (CKM)
matrix elements. In the Standard Model rare By — vv decay is forbid-
den due to the helicity conservation. When photon is emitted from struc-
ture dependent part (see below) the helicity conservation allows the decay
Bs; — vvy. Therefore, the investigation of the By — vvy rare decay becomes
interesting.

The main interest in studying B meson decays is to test the Standard
Model (SM) predictions at loop level and extract new physics effects beyond
the SM. The loop induced rare decays Bg(By) — vvy within the SM have
been studied using constituent quark model and pole model and the branch-
ing ratios are found to be 107® for B, — vy and 1072 for By — vy [3].

The decay rate of the By — vy might have an enhancement comparing
with the pure leptonic modes of B meson. The new physics effects beyond
SM can be also probed by studying this B; — vy rare decay properties.
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In this paper, we study the sensitivity of the physically measurable quan-
tities, branching ratio, photon energy distribution, to the new physics effects
using the most general form of the effective Hamiltonian. The effects of the
new Wilson coefficients Cx on branching ratio and photon energy distribu-
tion are also investigated.

2. Effective Hamiltonian

The most general model independent form of the effective Hamiltonian
for the process b — quv can be written in the following form [4,5];

Hup = e e (Ol 57 (1= ) b (1 = 3
+O1 %57 (L= 75) b7 (1 4+ 95) v
+CrL 3y, (L475)b07" (1 — 5)v + Crpsyu (1 + )00y (1 + y5) v
+Crrer3(1+75) b7 (1 +795) v+ Crrrr3 (1 —745) bV (1 +5) v
+Crrrr 3 (1 +75) bV (1 = 95) v+ Crrpr 3 (1 —75) bV (L —y5) v
+Cr350,, b7 a v +iCrg ghvab S0, bTUo.aV}, (1)

where the projection operators L and R in Eq. (1) are defined as
L=(1-7v)/2, R=(1+15)/2, and Cx are the coefficients of the four-
Fermi interactions. In this work, we restrict ourselves by considering only
Dirac neutrino in order to avoid additional lepton-number-violating opera-
tors. Furthermore, the states vy, and vg are well separated in the massless
Dirac neutrino case. However, for the massive neutrino case we can change
chirality with help of the mass, and therefore in this case it is necessary the
right-handed neutrino to be heavy. In general, the Wilson coefficients for
b — slTl™ and b — svi processes are different. However, operator struc-
tures in both case must be the same, since for massive neutrino case charged
lepton and neutrino except their electric charge are the same with respect
to the SU(2). First four terms in the effective Hamiltonian are the vector
interactions. The interaction terms with coefficients C}% and C}% which
are present in the SM are given in the form,

Ciy = G5 = Cio,
CN = 4 0y

The contributions from the new physics can be described by redefining the
Wilson coefficients as CEOLt(LR) = Cglzd(LR) — Cx. The coefficients Cp,grr,
Crrrr: Crrrr and Crrgrr, describe the scalar type interactions which dis-
appear in our calculations for By — vy process. The remaining last two
coefficients in Eq. (1), correspond to tensor type interactions. In general,
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these operators are possible and they can appear from the exchange of spin-2
particles. It is obvious that the effects of the Cp and Crg operators will be
larger, because there are more Lorentz indices, which means that summing
over them will lead to larger effects. In order to calculate the matrix element
for By — vy decay we use the general form of the effective Hamiltonian
and the standard definitions for the matrix elements [6-8];

(@) [ (158 Bo)) = —5-{€puns €0 0" 9(p”) = il ()

B
—(e"p)g"1f ()}, (2)
(7(0) [50,b B(o)) = — €pune [Ge™ g™ +Hp+N (D)0 (3)
B
(v(a) [5(1 F 136l B(ps)) = 0. 4)

where ¢, is the polarization vector of the photon. The p,q and pp are the
transfer momentum, photon momentum and the momentum of B meson,
respectively. Using Eqs. (2), (3) and (4) the matrix element for the process
can be calculated as follows:

a Gy _
———Vu Vi vyt (1 — v
e th Vs 2B{’Y( ¥5)

X | A1 €Epap €7pq° +i As(€}, (pg) — (¢°P)ay,)

M =

+7y" (1 +95) v | Bi €pvap €'pq” +1i Ba(e), (pq) — (€'p)q,,)

+1i €pap Vo V[Geq” + He™p” + N (e"p) p® qﬂ]

+i7 o, v[Gi(e™Mq” — e g!) + Hi(ep” — £™pH)

+Ni(e°p)(p"q” — p"q")]} (5)
where we have used the definitions [6];

A = (Ci%+Cre) g, A2 (C1% —Cre) f,

B, = (Ci%+Crr) 9, = (Cf% — Crr) f.
+

G = 4Cr g, N=—4CT(flp72gl), H =N (pq),
+

Gl = _SCTEg17 Nl—SCTE(flpigl); H1:N1 (pq)(G)

with p? = m%(1 — z), pg = m%z/2, * = 2E,/mp where E, is the photon
energy. The double differential decay width of the By — vy process in the
rest frame of the B meson can be written in the form
dr
= M
dzdFE; 128 73 M|

(7)
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The bounds of the final neutrino energy Fy and the dimensionless parameter
z for photon energy are determined from the following inequalities
D5 _ g o<p <ZE 0<z<l1. (8)
2 2
In our calculations, we consider hard photon in the process Bs; — vvy . For
the experimental observability of photon we impose a cut on the minimum
energy to be greater than 25 MeV which corresponds to z > 0.01 [6,8,9]. We
integrate the differential decay width over the neutrino energy E7 to get the
photon energy distribution

d_F
dz

_|aGr vl
a2 e
4 [|H” (1 - 2) + Re(GH")a

me { [|H1| (1—z)+Re(G1HY)z

1—2x
22

—

~m [2Re(GN")+m [N (1-2)| (1-2)

CO)—‘OJ

+om} [zRe(G1N1)+mB|N1| (1-@] (1)

2 4

—zmd (A1 + 4o + [BiP + Bo) (1 = 2)| = 3 (IGP +1G1)}-.09)
The form factors f, g, f1 and g; ,which we have used in our numerical calcu-
lations, appearing in Eq. (6) can be obtained in the framework of light cone
QCD sum rules given in [7,8] and their z dependence with a good accuracy:

fl) = 0.8 GeV o(z) = 1GeV
- 4.8)2(1—x ) - 4.8)2(1—x ’
(1 - Sy (1 - S
0.68 GeV? 3.74 GeV?
hiw) = (1 — G820 )y, g1(z) = (1 — G820 a))5° (10)
30 40.5

3. Results and discussions

We use the main input parameters mp = 5.28GeV, |V V5| = 0.045,
a~! = 137,Gp = 1.17 x 107°GeV 2 in the numerical results. For the
Wilson coefficients we take the values CSH = 4.344 and Cy¢ = 4.6242 given
in [6,10].

In this work, we assume that all new Wilson coefficients C'x are real
and vary in the region —4 < C'x < 44. The experimental bounds on the
branching ratios of the B — K*u*pu~ and By — pu~ [11] suggest that this
is the right order of magnitude range for the vector and scalar interactions
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coefficients. Therefore, we assume that all new Wilson coefficients change
in this range. The integrated branching ratio for the rare By — vy decay
depending on the new Wilson coefficients Cr, Crg, Crr, Crr,Crr,CLR is
plotted in Fig. 1. It is clear from this figure that branching ratio increases
when all new Wilson coefficients C'x > 0 increase, for example, in the re-
gion —4 < Cp, Crp < 0 branching ratio decreases and it increases in the
region 0 < Cr ,Crg < +4. Furthermore, the branching ratio remain ap-
proximately unchanged when the coefficients Crpr, Crr varies and there is
no sensitivity to these coefficients. The branching ratio weakly depends on
the Crr, Crr,CrRr coefficients.
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Fig.1. The branching ratio of the rare B; — vT~y decay depending on the new
Wilson coefficients C'x for the parameter cut z,;, = 0.01.

However, one can conclude that the branching ratio is more sensitive
to the tensor type Cr and Crpg coefficients. We find the branching ratio
B(Bs — vvy) = 1.2 x 1078 for new Wilson coefficients are set to zero. The
branching ratio for the contact interactions give symmetrical distribution
with respect to zero. Measuring this branching ratio can give an information
about the magnitude of this type tensor interactions, see Fig. 2. In addition,
the Crr, and Cpr distribution can give an opportunity to detect the sign
of these coefficients. We see that in dependence of the sign of the tensor
interaction Crg differential branching ratio can be larger or smaller than
SM prediction.
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Fig.2. The differential branching ratio for rare Bs; — vT7y depending on the di-
mensionless variable z = 2E. /mp for the different values of tensor interaction
coefficient Crg.

The photon energy distribution can also give information about new
physics effects. In Fig. 3, we present the differential branching ratio for
the rare B; — vvy decay as a function of dimensionless variable z for
different values of coefficient Cpy. In this view the differential branching
ratio measurement could give important information about the sign of new
Wilson coefficient. The higher sensitivity can be obtained when the photon
energy reaches ~ 0.6GeV .

In conclusion, using a general model independent effective Hamiltonian
for the process Bs — vy , the branching ratio and the photon energy
distribution are found to be sensitive to the existence of new physics beyond
the SM. Within a reasonable range of branching ratios, it would be possible
to detect the rare processes in the future B-factories. At planning LHC-
B and B TeV hadronic machines 10''-10'2 bb pair per years [12] will be
produced. Therefore, the number of expected events are N ~ 103-10%,
which quite detectable this decay in the above mentioned colliders. Note
that signature of this decay will be single photon and missing energy.
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Fig.3. The differential branching ratio for rare Bs; — v7y depending on the di-
mensionless variable x = 2E,/mp for the different values of vector interaction
coefficient Cr.r,.
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