N
N

N

HAL

open science

Estimating the annihilation decay B__ s to rho gamma
with factorization
M. R. Ahmady, F. Mahmoudi

» To cite this version:

M. R. Ahmady, F. Mahmoudi. Estimating the annihilation decay B_s to rho gamma with factor-
ization. Modern Physics Letters A, 2009, 24, pp.3173-3181. 10.1142/S0217732309032150 . in2p3-

00437886

HAL Id: in2p3-00437886
https://hal.in2p3.fr /in2p3-00437886
Submitted on 1 Dec 2009

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.in2p3.fr/in2p3-00437886
https://hal.archives-ouvertes.fr

Editorial Manager(tm) for Modern Physics Letters A
Manuscript Draft

Manuscript Number:
Title: Estimating the annihilation decay $B_s\to\rho\gamma$ with factorization
Article Type: Research Paper
Keywords: B_s decay; effective Hamiltonian; vector quark
Corresponding Author: Dr. Farvah Mahmoudi,
Corresponding Author's Institution: Clermont-Ferarand University
First Author: Mohammad Ahmady
Order of Authors: Mohammad Ahmady; Farvah Mahmoudi
Manuscript Region of Origin: CANADA
Abstract: The branching ratio for the rare two-body $B_s\to\rho\gamma$ decay is calculated using the
factorization assumption. This transition is dominated by the annihilation diagrams and, in principle,
prone to receiving substantial contributions from new physics. We estimate $Br(B_s\to\rho\gamma )
\approx 1.6 \times 10"{-9}$ within the Standard Model and investigate the sensitivity of this decay
mode to the effects of two new physics scenarios: vector quark model and supersymmetry. Our results

indicate that the shift in branching ratio is at most around $10\%$ with the addition of vector quarks
and is negligibly small in the constrained minimal supersymmetric extension of the Standard Model.



Manuscript
Click here to download Manuscript: Bsrhogamma.tex

September 18, 2009 11:57 WSPC/INSTRUCTION FILE bsrhogamma

Modern Physics Letters A
© World Scientific Publishing Company

Estimating the annihilation decay B; — pv with factorization

M. R. Ahmady*

Department of Physics, Mount Allison University, 67 York Street,
Sackville, New Brunswick, Canada E4L 1E6

F. Mahmoudif
High Energy Physics, Uppsala University,
Bozx 535, 75121 Uppsala, Sweden

Laboratoire de Physique Corpusculaire de Clermont-Ferrand (LPC),
Université Blaise Pascal, CNRS/IN2PS3,
63177 Aubiére Cedex, France

Received (Day Month Year)
Revised (Day Month Year)

The branching ratio for the rare two-body Bs — p7vy decay is calculated using the fac-
torization assumption. This transition is dominated by the annihilation diagrams and,
in principle, prone to receiving substantial contributions from new physics. We estimate
Br(Bs — py) = 1.6 x 109 within the Standard Model and investigate the sensitivity
of this decay mode to the effects of two new physics scenarios: vector quark model and
supersymmetry. Our results indicate that the shift in branching ratio is at most around
10% with the addition of vector quarks and is negligibly small in the constrained minimal
supersymmetric extension of the Standard Model.

Keywords: Bs decay; effective Hamiltonian; vector quark; supersymmetry.

PACS Nos.: 12.15.Mm 12.60.Jv 13.20.He

1. Introduction

With Large Hadron Collider (LHC) becoming operational, search for new physics
beyond the Standard Model (SM) is entering an exciting new phase. For example,
among other particles, a large number of By mesons are expected to be produced at
this facility, and as a result, rare processes involving this interesting hadronic system
will be accessible experimentally. The transition By — p7v is of particular interest
as, unlike B — py, it mainly proceeds via the so-called annihilation process. As
such, it is interesting to study the stability of the SM prediction for the branching
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ratio of this decay mode to the effects of, as yet unknown, exotic particles.

In this paper, we first calculate the branching ratio for By — py decay within
the SM using the light cone amplitudes and factorization assumption, after identi-
fying the effective operators which have the dominant role in this process. To the
best of our knowledge, even though our prediction has a large uncertainty, this is
the first calculation of the branching ratio for this transition. Next, we check the
sensitivity of this decay mode to possible tree-level flavor changing neutral currents
(FCNC) generated by new physics. One particular scenario is the addition of a sin-
gle down-type vector quark to the three quark generations of the SM. Since both the
left-handed and the right-handed components of a vector quark are iso-singlets, the
weak interactions of this quark can only happen via mixing with the ordinary quarks.
Consequently, the extended 3 x 4 quark mixing matrix is not unitary and tree-level
FCNC is present in this model. In fact, one can show that the non-zero b — sZ°
in Vector Quark Model (VQM) is proportional to U*® = V* Vi, + Vi Ve + Vit Vi
which basically measures the non-closure of the unitarity triangle within the SM.
Our results indicate that, within the acceptable range for the above model param-
eter, the shift from the SM prediction is about 10%.

We also consider the minimal supersymmetric extension of the Standard Model
where every fundamental particle receives a supersymmetric partner with spin dif-
fering by 1/2 unit. The particle spectrum of supersymmetry therefore consists of
three neutral Higgs bosons, two charged Higgs bosons and supersymmetric particles
such as gluino, squarks, sleptons, neutralinos and charginos. This leads to additional
contributions to the Bs; — pvy branching ratio due to the new particles. We study
in this paper a scenario with minimal flavor violation and evaluate the numerical
implications of such contributions. We show that the overall supersymmetric con-
tributions in this decay mode are very small.

We would like to emphasize again that unlike some well known decay channels
like the inclusive b — sv, exclusive B — K*v and By — ®v which have been under
thorough investigation in the literature, By — py proceeds mainly via annihilation
process and in that sense is quite different and unique.

2. Low energy effective Hamiltonian

The relevant effective Hamiltonian for B; — py can be written as

Hosy = % S Vi Vs Oy () OF (1)

8
+Co (1) O5 (1) + Y Ci(p) Oi(p)] (1)

=3
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Fig. 1. Annihilation diagrams contributing to the Bs — pvy decay. The first row corresponds to
A1 (left) and Az (right) and the second row corresponds to A3z (left) and A4 (right).

where C’s are the Wilson coefficients and the operators are defined as follows:

O} = 5aY"PrpspayuPrba .
0% = 5a¥" PLpabpyuPrbs |

O3 = 57" Prby Z 4pvuPras
q

Os = 5a7"Prbs Y s Prdo »

q

05 = go/yMPLba Z QﬁWMPRqB )
q

Os = 507" Prbg Y GovuPrao ,
q

€ - v
O7 = Hmbsaaﬂ PRbaF,ul/ )
Og = fﬁmbgaU#VPRTgﬁbﬁGzy . (2)

The contributions of the current-current operators O} and 0§ and QCD penguin
operators O;, i = 3...6 are shown in Figure 1. Operators Of, O5, O7 and Osg, on the
other hand, have vanishing amplitudes to the leading order within the factorization
assumption. As a result, the amplitude for the B; — py decay is composed of four
generic matrix elements of the following forms:

Ar = (p(kp, €p)7(ky, €4)157"(1 = 75)b

1
—Y€5q|Bs ; 3
— €5q|Bs(ps,)) (3)

qvu(l £ 75)]51
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Az = (p(kp, €,)7(ky, €5) |57 (1 = 75)b

1€ (1 30l Bps, ) @
As = < ( pvep)V( vaev)lg%/djyﬁVM(l - 75)5
qvu(1 £ 75)q|Bs(ps.)) (5)
i = ok ) 1(k, )57 (1 = 95)——— €4
Pa— My
qvu(1 £ 75)4|Bs(ps,)) » (6)

where p; =k, +pq, p2 = ky + g, P3 = ps — k, and ps = pp — ky, with ¢ = v and d.

The contributions from the amplitudes A; 24 are power suppressed as compared
to Az 2. However, A o give a numerically important power correction because of
a relative enhancement factor from the Wilson coefficients.

The leading twist light-cone amplitude for a vector meson (V') with flavor content
(qq') and polarization vector ey can be expressed as 3%:

(V(kv, ev)|a(0)ag'(2)810)]

L 1 B
e bl [ dvem sy

m 1 L
_fv4 v [z Kpaley - z)/o dve”k‘/'ztb"l,(v) (7)

1
H)sa [ o™ O w)
0

1 Lo kv Lla
—Z(Em\uuﬁgk\/\/ZHVU%)Ba/o dvewkv g‘i( )(U)] )

where the quark and antiquark contents of the vector meson have momenta
py = vky and pg = vky, respectively, with o = 1 —v. The functions f(v) = ®(v),

1
3! v(v), g‘J/‘ ) (v) and gy, L )(v) are all normalized, such as / dvf(v) =
0

The relevant distribution amplitudes for the p meson in Bs — pvy are given by
3.

3
o (v) = 6vo |1+ 3ai x + ay 5(5;{2 - 1)] , (8)
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() = 20437 +al 5 x )

13X
+ (? ay + 5c3> (3x* —1)

9
+ [112 Q+—<3( —wg‘)] (3 —30x* + 35x")

3~ -
—|—§6+ (2+Inv+1Inov) + 5(5_ 2x+Inv—1Inv),

with x = v — 0 = 2v — 1. Other coefficients in (7), (8) and (10) can be found in
Tables 1 and 2. Note that in the case of a p-meson, §; and §_ vanish.

The light-cone distribution amplitude for Bs meson to leading power can be written
1,5,6
as 0

(015(2)a 0(0)8|Bs (pB.)) o = [P, +m5.)75]84
Zy=z1=
Z'f‘Bs ' —Zf z
<2 [ et (A -2 (10)
0
where n_ = (1,0,0,—1), with the light cone components for any vector v defined
as:
00 £ 03

vy = \/5 (11)

The light spectator carries longitudinal momentum fraction {¢ = psy/pp.+. The
normalization conditions are

1 1
/ debp (€)= 1, / dE® 5. 2(¢) = 0. (12)
0 0

The contribution of ®p_o is numerically small 7 and is neglected in the following.
We parameterize the first negative moment of ®p5,; by the quantity Ap,, such as

@p1(§) _ msp,
/ d§ ——>- ¢ = E . (13)

Using the model function from 6, we evaluated the value of Ag, = 580 4+ 190 GeV.
The numerical values for the mass parameters which are used in our calculations
are given in Table 3.

Consequently, from the formulas (3) to (6), the decay rate can be obtained as:

2 2

am —m "
D(B, — p7) = 5——LGH VAV P AP, (14)
B

s

where |A]? is given as:

|A]? = [Cr2?| A1 2|” + |C34*| Az 4]* + 2Re(Cra Ciy A1 2 A5 4) (15)
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fo (MeV) fpl (MeV) a!,all ag ay
198+ 7 152+ 9 0 0.16£0.1|0.17£0.1

A T T 7
(3 w3 W¥ w3 Ca Ci <4T

0.023| -1.8|3.7|7.5(0.13 | 0.07 | =0.07

my m, mp,

3 MeV|775 MeV 5367 MeV

with 4; 2 and Az 4 defined as the following:

A2 = A1 — Ay = +2fB, fomy(li — I2) e EZI?%S kpy €y, (16)
= Ay Ay = MBS .
Az g = Az — Ay = 2F,\p, {[(Ep kv) (pB. Ev)
AB
— (e, - -k 1— 28
(ep E'y) (pB. 'v)] ( mBS)
. K v A s
—l—ze,.;,\,“,eppgs bk (1+—mE; )} . (17)

In Eq. (16), plus and minus signs correspond to V + A and V — A structure, respec-
tively, and E, in Eq. (17) is the energy of the photon. Egs. (7) and (10) are used to
parameterize the hadronic matrix elements. Accordingly, I; and I> in Eq. (16) are

defined as:
1 (v
I _ ! gP ( )(U) (18)
te vm%, +vom2 —m2’
0 B, b q
1 (v
P AT () "
2T vm?%, +vom2 —m?2 (19)
0 B 14 q

Neglecting the small light quark mass, one can show that:

1
I = —3—(~5.22£ 033 + (247 £ 0.10)X) | (20)
Bs
0.99 + 0.01
IQ = - 9 (21)
mBS

where the logarithmically divergent integral fol dv/v in Eq. (18) has been parame-
terized by X = (1 + pe®?)In(my/Ap) with Aj &~ 0.5 GeV a typical hadronic scale,
¢ an arbitrary strong-interaction phase, and p < 1 °.
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Ci2 and Cs4 in Eq. (15) are combinations of Wilson coefficients appearing in (1):

1 (2 Co\ V*Vu
Cio=—4 |z (C1+— | =
. ﬁ_s(l 3>V;;vtb
C C
+<cg+?4_c5—§)], (22)
1 [1 Cy V*Vub}
Cyuy=—1|=-(C1+— us . 23
=75 l5 (0 F) v 23)

The Wilson coefficients are real, however the CKM matrix elements can have imag-
inary parts which are taken into account. The numerical values for Ci5 and Csy
within the SM are calculated to be CT5 = ((0.7£0.1) + (8.7 £0.9)) x 107 and
Cst = ((—1.74£0.1) + (4.4 £0.2)) x 1072 using the inputs and conventions of ®.
The errors in these coefficients are mainly due to scale dependence and determina-
tion of the CKM matrix elements.

Our result for the branching ratio can then be expressed in the following form:

2 2
BT(BS—>pfy)_(1.6+8:g)><109< /5, > (V“V“’) : (24)

230 MeV 0.041

The large uncertainties in the above result are mainly due to the acute sensitivity
of our predictions to the parametrization of the divergent integral, and therefore
this result must be considered as a rough estimate for this branching ratio.

The expected production yield of a decay mode per year at LHCDb can be estimated
from the following formula '°:

Niignal = 2035 L7 % Br(b — Bs) x Br(decay mode) , (25)

year

where o5, the bb production cross section is expected to be about 500 ub, the
integrated luminosity for one year of data taking is E;’;gr = 2 fb~! with the as-
257! and the branching ratio of

b quark(antiquark) hadronizing into a B (B,) meson is taken to be

sumption of an average luminosity of 2 x 1032 cm™

Br(b— B) = Br(b — B,) = (10.44+1.4) x 1072 . (26)

Based on Eq. (25) and our estimated branching ratio in Eq. (24), one would expect
about 340 B,(B,) — pv per year. The signature of this decay mode is two pions with
invariant mass around p resonance plus a photon. The key in successful measurement
of this decay channel could be the high energy resolution of the calorimeter so to
make it possible to make the required background cut which is expected to be
mainly due to B — pv process. The smallness of the likelihood of this process as
expected by the SM could make it quite sensitive to the new physics, especially
those which allow FCNC at the tree level. We examine one such beyond the SM
scenarios as well as supersymmetric contributions in the next section.
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3. Contributions from Vector Quark Model and Supersymmetry

In the vector-quark model (VQM) !, in which SM is augmented by an additional
isosinglet down type quark the 3 x 4 quark mixing matrix is not unitary, which leads
to non-vanishing FCNC at the tree level. For example, the elementary b — sZ°
vertex is proportional to the non-unitary parameter U** = (V1V)% at the leading
order which directly measures the non-closure of a unitary triangle and as such, it
is quite desirable to find observables which are most sensitive to this parameter.
In fact, one can show that the factor Cia, as defined in (22), receives additional
contributions '2:

1 12, _vomu VOMu
§C1 = — |Z(CYQMmw _ oV QMup)
213
1
+§(C?§/QM down C;/QM down) , (27)
where
VoM Ust 2

C3 = ‘/tbv* (IgV - Qq sin 9) (28)

ts

1 2
Ush ——gsin29:O.35...q:up

_ 2
- * 1 1
VinVis 3 + 3 sin? @ = —0.42...q = down
CYeM — —U—SbQ sin? (29)
5 ‘/tb‘/{; q

2
[ysb —gsin29:—0.15...q:up

Vi Vi %sin2 60 =0.08...q=down

One can use the experimental measurement of the dileptonic B — X £T¢~ decay
by BELLE '3 and BABAR ' to constrain the acceptable domain for the magnitude
and phase of U®. It turns out that this parameter can attain a maximum value of
1.1 x 1073 if its phase is close to zero '°. The resulting shift in the C'y coefficient
in this model is at most 5O¥2QM = 3.1 x 1073, leading to a branching fraction of
about 1.8 x 1079. Therefore the SM branching ratio in (24) is increased by around
10% with the addition of vector quarks.

We also consider supersymmetric contributions to the Bs; — p~v branching ratio. In
particular diagrams involving charged Higgs boson, charginos and squarks can mod-
ify the Wilson coefficients and consequently the branching ratio. To study the nu-
merical implications of such contributions we restricted ourselves to the constrained
minimal supersymmetric Standard Model (CMSSM) — often called mSUGRA — with
the number of free parameters reduced to five assuming the unification at GUT
scale. In this scenario, the chargino-squark contributions appearing in the loops are
completely negligible. The charged Higgs boson on the other hand can replace the
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W boson but its contribution is still smaller than the SM contributions. In fact,
within the acceptable range for the 5 parameters of mSUGRA, the upper bound
for 6C™SUGRA i5 smaller than the SM contribution by 3 orders of magnitude and
therefore, one can safely assume that the prediction in (24) is not affected by the
constrained SUSY particles.

4. Conclusion

The rare decay Bs — p7vy could be an interesting process to look for at the LHC.
It may be an experimental challenge to measure this decay mode due to the fact
that the final state particles are both neutral. However, knowing the branching ratio
helps to devise a strategy for eventual experimental measurement.

Acknowledgments

This research is partly supported by a Discovery Grant from NSERC.

References

1. S.W. Bosch and G. Buchalla, Nucl. Phys. B621, (2002) 459 [hep-ph/0106081].
2. A. Ali and A.Y. Parkhomenko, Eur. Phys. J. C23, (2002) 89 [hep-ph/0105302].
3. P. Ball and V.M. Braun, Phys. Rev. D58, (1998) 094016 [hep-ph/9805422].
4. P. Ball and V.M. Braun, Phys. Rev. D54, (1996) 2182 [hep-ph/9602323].
5. M. Beneke, G. Buchalla, M. Neubert and C.T. Sachrajda, Nucl. Phys. B591, (2000)
313 [hep-ph,/0006124].
A. Ali et al., Phys. Rev. D76, (2007) 074018 [hep-ph,/0703162].
C.-D. Li and M. Z. Yang, Eur. Phys. J. C28, (2003) 515 [hep-ph/0212373].
M.R. Ahmady and F. Mahmoudi, Phys. Rev. D75, (2007) 015007 [hep-ph/0608212].
M. Beneke, T. Feldmann and D. Seidel, Nucl. Phys. B612, (2001) 25 [hep-ph/0106067].
0. D. Volyansky and J. Van Tilburg, CERN-LHCB-2007-027.
1. M. Ahmady, M. Nagashima and A. Sugamoto, Phys. Rev. D64, (2001) 054011 [hep-
ph/0105049)].
12. M.R. Ahmady and F. Chishtie, Int. J. Mod. Phys. A20, (2005) 6229 [hep-ph/0508105]
13. M. Iwasaki et al. [BELLE Collaboration], Phys. Rev. D72, (2005) 092005 [hep-
ex/0503044).
14. B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 93, (2004) 081802 [hep-
ex,/0404006].
15. This is the latest update on U*? that will appear in a separate article.

6
7
8
9
1
1



