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Abstract

The complete calculation of the short distance contributions to the Bs —> 77 decay in the

SM and MSSM are presented. The branching ratio and relative part of CP-even state of final

photons are calculated. The branching ratio and relative part of CP-even state of final photons

in the MSSM maybe significantly larger than the standard model estimate.
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1 Introduction

Among the rare B decays with particularly clean experimental signature is Bs-meson two photon

radiative decay Bs ->• 77. The theoretical and experimental investigations of rare 5-meson's

decays provide a precise test of the Standard Model (SM) and possible new physics beyond.

B-meson double radiative decay has rich final state. Two photon can be in a CP-odd

and CP-even state. Therefore this decay allows us to study CP violating effects. In the SM

the branching ratio of Bs -*• 77 decay is of order 10~7 without QCD corrections [1-4]. The

branching ratio of this decay is enhanced with the addition of the QCD corrections [5-13]. The

QCD corrections may correct the lowest order short-distance contributions to the Bs —> 77

decay in order of magnitude. This decay is sensitive to possible new physics beyond the SM.

Interestingly, the branching ratio can be enhanced in extensions of the SM [14,15,16].

The planned experiments at the upcoming SLAC and KEK B-factories and hadronic ac-

celerators are capable to measure the branching ratio as low as 10~8. Therefore one expects

the double radiative decay of the f?s-meson Bs —> 77 to be seen in these future facilities, thus

stimulating theoretical investigations.

The present experimental bound on this decay is [17]

Br(Bs -»• 77) < 1.48 • 1(T4 (1)

In this paper we study the lowest-order short-distance contributions to the Bs —> 77 decay

in the SM and in the minimal supersymmetric standard model (MSSM). The paper is organized

as follows. In the next section useful kinematical relations are presented. In section 3 the decay

Bs ->• 77 is explored in the framework of the SM. Section 4 is devoted to the expressions for the

branching ratio in frame of the MSSM and some numerical estimates. Finally, section 5 contains

a summary and conclusions.

2 Useful kinematical relations

The diagrams contributing to this decay are presented in Fig.l - Fig.3. The lowest-order short-

distance contribution to the Bs —> 77 decay arises from the following set of graphs: i) triangle

diagrams with external photon leg (one particle reducible (OPR) diagrams), ii) box diagrams

(one particle irreducible (OPI) diagrams).

One can write down the amplitude for the decay Bs -> 77 in the following form, which is

correct after gauge fixing for final photons

A(BS ->• 77) = e^k^i^A^g^ + tA^e^fcffeJ] (2)

where e^(k{) and e^fo) a r e t n e polarization vectors of final photons with momenta k\ and

respectively. Let us fix photon polarization by the conditions

(3)



The conditions (3) with an allowance for the energy-momentum conservation in the diagrams

of Fig. 1 - Fig.3 yield

ei • P = €i • p b = e; • p s = 0 (4)

where

P — k\ -\- k2, pb = ps + k\ + k2 (5)

Formulae (3)-(5) lead to useful kinematical relations

1 1
Pbm Ps = —msmb, pb- ki = -mbMB, ps • k{ = ~-msMB (6)

Using formula (2) we directly obtain the expression for the decay width T(BS —> 77)

With the aid of (3)-(6) one can calculate the contribution of each diagram to the amplitude

A. We used the Feynman-t'Hooft gauge and evaluated divergent Feynman integrals by means of

dimensional regularization. Only OPR diagrams contain divergent parts. The divergent parts

mutually cancel in the sum of amplitude and due to the GIM mechanism [18].

3 The Branching ratio for Bs —> 77 decay in the SM

Before one goes on to study other new physics which can potentially influence £?s-meson two

photon radiative decay Bs —*• 77, it stands to reason to improve upon previous calculations.

The diagrams contributing to the Bs —> 77 decay in the SM are presented in Fig.l and Fig. 2.

The correct calculation assumes the necessity of final photons rearrangement. In the kinematics

(3)-(6) this procedure leads to the doubling of all contributions except of diagrams 19 and 20,

where both photons are emitted from the same space-time point:

34 34

() {) ()
1=1 1=1

where the stress over the sum means the absence in the sum of 19-th and 20-th terms.

The amplitude ASM{BS —> 77) and hence its CP-even and CP-odd parts can be written as

a sum of contributions from up-quarks

ASM(BS -4 77) = ^2 ^ASM(i) = KASM(U) + XCASM(C) + XtASM(t), (9)
i=u,c,t

where Aj = OiSO*b (Oki being the corresponding elements of Cabbibo-Kobayashi-Mascawa

(CKM) matrix). Using the unitarity of the CKM matrix Q^Aj = 0) one can rewrite it in

the form

ASM = Xt{ASM(t) - ASM{c) + -^(ASM(u) - ASM{c))} (10)



Below we restrict ourselves to evaluating the amplitude in the leading order (1/M^r). The u-

quark and c-quark contributions are equal in this approximation (J4SM(«) = ASM(C)). SO, the

expression for the amplitude becomes of a simpler form

ASM = Xt{ASM(t) - ASM(c)) (11)

Only the OPR diagrams have nonzero contributions into amplitude ^4.(+) in this approxi-

mation. As concerning the amplitude A^~\ it is gathered from both OPR diagrams and OPI

diagram 34 of Fig. 2. The corresponding contributions are

ASM = iiA(eQd)2GFfB(mb - ms)MBXt{(^ + ̂ ){C(xt) - C(xc)}+
o£7C ifl$ >it>})

Ci{xt) - d{xc)}

(^ + ̂ )[C(xt) - C(xc)}+

C2(xt) - C2(xc) - 32MBJ(m2
c)} (12)

where

_ 22s3 - 153x2 + 159rc - 46 3(2 - 3x)x2£nx
6(1 -xf + (1-x)*

4 6x3 - 27x2 + 25x - 9 + 6x2£nx
- ^ - ^ 3

2 17 2

< 1 3 )

We also used the following relations for hadronic matrix elements

< 0 | 57^756 I B8{P) > = -ifBPv < 0 I S75& I BS(P) > « ifBMB (14)

Using expressions (7), (12) and (13) one can estimate the branching ratio of the Bs —> 77 decay

in frame of the SM

Br(B, - 11)SM = 3 2 r f J M ( B ) [ 4 I 4 2 I2 + i«S I M fj = 2 • 10-' (15)

We have used the following set of parameters: mt — 175 GeV, mj, = 4.8 GeV, ms = 0.5 GeV,

fB = 200 MeV, At = 4 • 10"2, MB = 5.3 GeV, 1^(5 , ) = 5 • 10"4 eV. The contribution of the

OPR diagrams to the An and An amplitudes have the following form, respectively

(+) 3 3
% { x i ) + m2

bFn2(Xi) ^
ms



(-) 3 3

= £ ^iJTri—fnlixi) + m2
bfn2(Xi) + mbmsfn3(xi) + ^/n 4(*i)} (16)

Myy TITS TTlf}

where n = 1,2,.., 18. The main contribution in the total amplitudes is given by Fn\, fn\ func-

tions. After summing the functions F n l , fn\ are giving contributions to the C(x) function.

Significant contributions to the total amplitude are giving also Fn2, fn2 functions. Neglecting

contributions Fn2, fn2 functions (e.g. neglecting contributions of Ci{x) and C2{x) functions in

the (12)) our results will coincide with the expressions obtained before in literature. It should be

mentioned that if we neglect contributions of C\{x) and C^ix) functions in the amplitudes, then

the branching ratio of the decay Bs —> 77 will be increased by 30%. The upcoming B factories

at SLAC, KEK and hadronic B projects at LHC, HERA, TEVATRON will be possible to study

decay modes with branching ratio as small as 10~8. Branching ratio 10~7 will be measurable

in these facilities. Detailed investigation of the lowest-order short-distance contributions to the

Bs —> 77 decay decreases the branching ratio. This difference may be very important in the

first step of the upcoming experiments.

For completeness one can obtain the expression for the relative part of the CP-even state of

final photons,
4 I A^ I2

* \ * S M \ 0 3

4 The Branching ratio for Bs —> 77 decay in the MSSM

The diagrams contributing to the Bs —» 77 decay in the MSSM are presented in Fig.3 (where

X = UL, UR, H*,d,L, dR, di,i dR,). In the framework of supersymmetric extension of the standard

model one has the following set of diagrams which contribute into decay Bs -» 77 (the diagrams

are classified by particles which appear in the loops): a) charged gauge fermions (chargino)

and up scalar quarks, b) charged Higgs particles and up quarks, c) neutral gauge fermions

(neutralino) and down scalar quarks, d) gluino and down scalar quarks. The Lagrangian of

interaction down quarks with the supersymmetric particles has the following form [19]:

f
w sin p

%Q
—

[mdtan/?(l - 7 5 ) + mucot/?(1 + y5)]OabdaHub

COS Ow 2



& ^ p H $ £ j (18)
where g = e sin 6w, V and U are mixing matrices of charged gauge fermions, C is the charged

conjugation operator, F L , r R are mixing matrices of up scalar quarks, tan/3 = U2/V1, «i,2 being

vacuum expectation of the Higgs bosons [19], Oij being elements of Cabbibo-Kobayashi-Maskawa

matrix, N is the mixing matrix of neutral gauge fermions [19], Qd = —1/3, FL,FR are mixing

matrices of down scalar quarks.

Let us present the most explicit expressions of the CP-even amplitudes for the OPR diagrams

with chargino and left up scalar quarks in the loops:

Vj
jX

MRM(Y*-)
- mb)COi + 2C00 - CQa] + (mbVjiUj2 - mV^2) ^

mi(mt - mb)COi + 2C00 - Caa] -
w cos p

(19)

where C = e2g2fs, JB is the B-meson decay constant, A; = F/^F^*, Q^u are charges of down

and up scalar quarks correspondingly, and MB ~ mb + ms. The set of masses and momenta

(mi,m2,m3,<7i,<72) means that corresponding integrals C (C = Co, Cio,Coi,Caa) are functions



of appropriate arguments [20].

Analogous contributions with CP-odd parts of the amplitude are as follows:

A(-) 2 >•(+) A-) _ 2 A
A MB{mb~ms) 1 A A

Uj2,U*2 -+ -U*2,M(x*) -> -
i?

(20)

One can obtain the explicit expressions of amplitudes for another class of diagrams by sub-

stituting parameters in the formulae (19), (20) :

i) Diagrams with charged gauge fermions and right up scalar quarks in the loops

v
cos2 p

V32 I2

. 2
sm

(21)

ii) Charged Higgs particle and up quarks in the loops:

M{x*) -

and one must substitute arguments into corresponding integrals

M{uLl) -> M(H), M{x*) -> mi

iii) Neutral gauge fermions and left down scalar quarks:

(

(22)

(23)

2[sm9wNjl -

U
j2

0,

(24)

iv) Neutral gauge fermions and right down scalar quarks. One can obtain expressions for am-

plitudes from the iii) class of diagrams in the following way:

cos

w cos /?

AT*
j3'

= t*Rj,

cos p
(25)



v) Gluino and left/right down scalar quarks. One can obtain expressions for amplitudes from

the iii and iv class of diagrams in the following way:

Nj3 -> 0, g -> -9s, tLj -»• \/2, X°j -> 9

iVj3-s-0, 9->-9s, tRj->->/2, XOj->9- (26)

Let us consider a contribution of OPI diagrams of Fig. 3. In the SM only one OPI diagram

(diagram number 34) contributes into amplitude in the leading order (1/M^). In the frame

of MSSM the contributions of OPI diagrams are of order 1/Mjy. Therefore we do not present

expressions of amplitudes for the OPI diagrams. Using expressions (7), (19)- (26) one can

estimate the branching ratio and asymmetry parameter S of the Bs —>• 77 decay in frame of the

MSSM

Br(Bs -> rr)MasM = s ^ r ^ B ) [ 4 I 4 ? L M I2 + 5 ^ I ̂ MISM ?] (27)

SMSSM = (+)
 4 [A™}SM

4 ' (_) (28)

Let us present the total contributions into amplitudes in the leading order 1/M^. The Higgs

particle contribution into amplitudes AMSSM and -^^55^ have the following forms (contri-

butions of other supersymmetric particles are significantly smaller than the Standard model

estimate)

22
e 5

tan*
[( ^ ^ +

^ •'"VK msmb

and we have introduced following notation
- 3 + 82; - 5a;2 + 2(3x - 2)£nx

Fl(x) =

F2(x) = x

6 ( 1 - x ) 3

-11 + 24x - 13a; + 2(7a; -
6 ( 1 - x ) 3

31 - 84x + 69x2 - 16x3 4- 6x(x2 - 6x + 4)£nx
36(1-x) 4

5 - 8x + 3x2 + 2(2 - x)£nx
6{L — x)



-23 + 66a; - 69z2 + 26x3 + 6(-4
18(1 - x )- r r V *

i = «,C,i. (30)

The dependence of the branching ratio and asymmetry parameter on the parameters tan /?

and MH are presented in Fig.4, Fig.5. For high tan/3 and a small value of the Higgs particle

mass (Mjj as 150 GeV) the supersymmetric contribution into branching ratio and parameter 5

of the decay Bs —>• 77 are significantly larger than the standard model estimate.

5 Summary

We have explored short distance contributions into Bs -> 77 decay in the frame of SM and

MSSM. In the SM the branching ratio of this decay is of the order 10~r. The detailed calculation

of the short distance contributions in the SM decreases the branching ratio. The difference is

about 30%. This result will be important in the first step of upcoming experiments. The

branching ratio can be enhanced in the frame of MSSM. For high tan /? and the small value

of the Higgs particle mass {MJJ « 150 GeV) the supersymmetric contribution into branching

ratio of the decay Bs —> 77 are significantly larger than the standard model estimate (Br(Bs —»

11)MSSM ~ 10~6 > Br(Bs —>• 77)5^ ~ 10—7). For high tan/3 and light Higgs particle, the

supersymmetric contribution into parameter 6 (relevant part of CP-even state of final photons)

is approximately three times greater than the standard model estimate. In the wide range of

supersymmetric parameters (1 < tan/3 < 50, lOOGeV < ME < 350(7eV) the supersymmetric

contribution into branching ratio is on the same level or more as the standard model estimate.

The upcoming B factories are capable to measure the branching ratio as low as 10~8. Branching

ratio 10~7 will be measurable in these facilities. So, one can assume that the subject of the

measurement of Br{Bs —¥ 77) will be the matter of the foreseen future.
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Fig. 1. One-particle reducible diagrams to the Bs —> 77 decay in the SM.
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Fig. 2. One-particle irreducible diagrams to the Bs -> 77 decay in the SM.
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Fig.3. Bs -^ 77 decay in the MSSM (X = uL,uR,H*,dL,dR,dL,dR,;
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Fig.4. Branching ratio of the decay Bs -» 77 decay in the MSSM.
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Fig.5. CP-asymmetry parameter 5 of the decay Bs —>• 77 ion the MSSM.


