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Abstract. Using the most general model independent form of the effective Hamiltonian, the rare Bs —
~ 474~ decays are studied by taking into account the polarization of the photon. The total and the dif-
ferential branching ratios for these decays, when the photon is in the positive or the negative helicity
state, are presented. The dependence of these observables on the new Wilson coefficients is studied. Also
is investigated the sensitivity of the “photon polarization asymmetry” in By — v £7¢~ decays to the new
Wilson coefficients. It has been shown that all these physical observables are very sensitive to the existence
of new physics beyond SM and their experimental measurements can give valuable information on it.

1 Introduction

The rare B-meson decays induced by the flavor-changing
neutral currents have always been important channels for
obtaining information on the fundamental parameters of
the standard model (SM), testing its predictions at loop
level and probing possible new physics.

The observation of radiative penguin mediated pro-
cesses, in both the exclusive B — K*v [2] and inclu-
sive B — X v [3] channels have prompted the investi-
gation of the radiative rare B-meson decays with a new
momentum. Among these, the semileptonic B, — v 74~
(¢ = e, p, 7) decays have received special interest due to
their relative cleanliness and sensitivity to new physics
as well as ongoing experiments at the two B-factories
[4,5]. It is well known that the corresponding pure lep-
tonic processes B, — €T~ have helicity suppression so
that their decay widths are too small to be measured for
the light lepton modes. In SM the branching ratios are
BR(Bs; — ete™, putpu™) ~ 4.2 x 107 and 1.8 x 1079,
respectively. Although the 7 channel is free from this sup-
pression, its experimental detection is quite hard due to
the low efficiency. In By, — 777~ decay, helicity suppres-
sion is overcome by the photon emission in addition to
the lepton pair. Therefore, one expects for B, — ¢+~
decay a larger branching ratio and this makes its inves-
tigation interesting. Indeed, By — ~¢T¢~ decays have
been widely investigated in the framework of the SM for
light and heavy lepton modes [6-9], and one reported
BR(B, = vyete™, yutu=, y777)=235x 1072, 1.9 x
1072 and 9.54 x 10~?, respectively. The new physics effects
in these decays have also been studied in some models,

like the minimal supersymmetric standard model (MSSM)
[10-12] and the two Higgs doublet model [14-17], and it
was shown that different observables, like the branching
ratio, forward—backward asymmetry, etc., are very sensi-
tive to the physics beyond the SM. An investigation of the
polarization effects may provide another efficient way to
establish the new physics. Along this line, the polariza-
tion asymmetries of the final state lepton in B, — ¢4~
decays have been studied in MSSM in [13], and it was
concluded that they can be very useful for an accurate
determination of the various Wilson coefficients.

In a radiative decay mode like ours, the final state
photon can also emerge with a definite polarization and
provide another kinematical variable to study the new
physics effects [11]. In this paper, we will study the rare
B, — ~¢*t¢~ decay by taking into account the photon po-
larization. Although an experimental measurement of this
variable would be much more difficult than that of e.g., the
polarization of the final leptons in By — v £7¢~ decay, this
is still another kinematical variable for studying radiative
decays. In our work we will investigate the sensitivity of
such a “photon polarization asymmetry” in By — v £7 4~
decay to the new Wilson coefficients, in addition to the
study of the total and differential branching ratios with
a polarized final state photon. Doing this we use a most
general model independent effective Hamiltonian, which
contains the scalar and tensor type interactions as well as
the vector types (see (1) below). We note that in a recent
work [18] we have studied the related mode B, — v
with a polarized photon in a similar way and showed that
the spectrum is sensitive to the types of the interactions
so that it is useful to discriminate the various new physics
effects.
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This paper is organized as follows. In Sect. 2, we pre-
sent the most general, model independent form of the ef-
fective Hamiltonian and the parameterization of the
hadronic matrix elements in terms of the appropriate form
factors. We then calculate the differential decay width and
the photon polarization asymmetry for the B — ¢+~
decay when the photon is in the positive and negative he-
licity states. Section 3 is devoted to a numerical analysis
and a discussion of our results.

2 Matrix element for the B, — ~ £17£~ decay

The matrix element for the process By — £+~ can be
obtained from that of the purely leptonic B — ¢£T£~ decay.
Therefore, we start with the effective Hamiltonian for the
b — sfT¢~ transition written in terms of twelve model
independent four-Fermi interactions as follows [19]:

Ga
NG

x {CSL §iau,,(q]—2 Lbiy"0 + Cyp 5i0, 37 RbyMe

Hest = VisViy

+ CIS* sLyubr by lr, + CI% S1vube Ry UR
+ CRrr SRYubR (Y01, + CrR 3RVubR (RY" IR
+ OLRLR SLOR /1.lR + CRLLR SrbL (LlR

+ CLRRL SLbR (R 1, + CRLRL SRbL (R L,

+ Cr 50,0 LotV e + iCrg e“yaﬁgawb faagf} ,

where L and R are the chiral projection operators defined
as (1475)/2, respectively. In (1), Cx are the coefficients of
the four-Fermi interactions with X = LL, LR, RL, RR de-
scribing vector-, X = LRLR, RLLR, LRRL, RLRL scalar-
and X = T, TE tensor-type interactions. We note that
several of the Wilson coefficients in (1) do already ex-
ist in the SM: in the SM, Ct1, and Cprgr are in the form
C’gﬁ — (o and Cgff + Cqg for the b — s~ decay, while
the coeflicients C'sy, and Cgg correspond to —2mSC"731Ef and
—2mCEE | respectively. Therefore, writing

Ot = C§™ — Cio+ Cui

O = C§™ + Cyp + Cir

we see that C}$* and C}$} contain contributions from the
SM and also from new physics.

Having established the general form of the effective
Hamiltonian, we proceed to calculate the matrix element
of the B, — v £*£~ decay. This exclusive decay can receive
short-distance contributions from the box, Z, and photon
penguin diagrams for the b — s transition by attaching
an additional photon line to any internal or external lines.
As pointed out before [7,8], contributions coming from the
release of the free photon from any charged internal line
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will be suppressed by a factor of m? /M3, and we neglect
them in the following analysis. When a photon is released
from the initial quark lines it contributes to the so-called
“structure dependent” (SD) part of the amplitude, Mgp.
Then it follows from (1) that, in order to calculate Mgp,
the matrix elements needed and their definitions in terms
of the various form factors are as follows [7,20]:

(v(k) |57:(1 F 75)b| B(pp))
= m%{euy/\ag*yq)\kﬂg(qQ)
B

+i [ (kq) — (e* k"] f(¢*)},

(v(k)|50,.,0] B(pp))
= m%ew,)@ [Gs*’\k" + He* g7 + N(E*q)q)‘k”] , (3)
B

(v(k)|5(1F v5)b| B(ps)) =0,

€
721 €uvap quga* kBG s
B

(4)

{v1510,,,4"b| B(ps)) = (5)

and

(v(k) |5i0,q” (1 + v5)b| B(pB))

€

- migB {e,uaﬂo Ea*qﬁkagl (q2)

+i [e(ak) = (" k] Fi(6) } | (6)
where €}, and k;, are the four vector polarization and four
momentum of the photon, respectively, ¢ is the momentum
transfer, pp is the momentum of the B-meson, and G, H
and NV can be expressed in terms of the form factors g; and
f1 by using (3), (5) and (6). The matrix element describing
the structure dependent part can be obtained from (2)—

(6):
aGF
4v2m

X {0y (1 —5)t

Msp = thVt&

X [Ale,wagg*”qakﬁ +1iAs (e}, (kq) — (e*Q)ky)]

+ " (1 +5)¢ (7)
X [Bleumga*”qo‘kﬁ + iBg(s;'l(kq) - (5*(1)/@)]

+ i€pvaplo™l [Ga*akﬁ + He P + N(E*q)qakﬂ

+ 0o, L|Gr (e Y — eV kM) + Hy(e*"

+ Ni(e%q)(¢"E" — q”k“)]} ,

¢~ =g

where
1

A:q2

(Cer + CsL)g1 + (C15* 4 Cri)g
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Ay = = (CBR —Csu) f1+ (CIY — Cru)f
By = 7 (OBR + Cs1)g1 + (Cf% + Crr)g

1
By = —(Csr — Cs1) f1 + (Ci% — Crr)S

)

1
G=40Tg1 s N:_4CTq*2(f1 +gl) )

H = N(qk) , Gy=-8Crgq ,

1
N, = SCTEq—Q(fl +¢1) , Hy=Ni(gk).

When a photon is radiated from the lepton line we get
the so-called “internal Bremsstrahlung” (IB) contribution,
Mig. Using the expressions

(0157750 B(pB)) = — ifBPBA
(0]50, (1 +75)0| B(ps)) =0,
and conservation of the vector current, we get

Vs V¥
Mip = 4\[ = VaViefsi { < 2pik  2pok > ”

¢ (8)

S &¥s PP 1 1
2% 2 V4
TG T 2k TP Gk Tar ) 7
where
F =2m,(C{% — CfF* + Cry, — CrR)

m?

+ miB(CLRLR — CruLr — CLrrL + CriRL) ,
b

m2

F = W]Z’(OLRLR — CriLr + CLrrL — CrirL) - (9)
Finally, the total matrix element for the B, — v £T¢~
decay is obtained as a sum of the Mgp and M terms,

M = Mgp + MiB. (10)

The next task is the calculation of the differential de-
cay rate of By — v /T4~ decay as a function of the dimen-
sionless parameter x = 2E., /mp, where E, is the photon
energy. In the center of mass (c.m.) frame of the dilep-
tons £7/~, where we take z = cosf, and @ is the angle
between the momentum of the Bs;-meson and that of £7,
the double differential decay width is found to be

dr

11
dx dz (11)

1
~ npes P M

with
M[* = \MSDF + [Mip|* + 2Re(MspMip),

where v = /

|./\/lIB|2 term has an 1nfrared singularity due to the emis-
sion of soft photons. In order to obtain a finite result, we

(12)

m?/m%. We note that the
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follow the approach described in [8] and impose a cut on
the photon energy, i.e., we require F, > 25MeV, which
corresponds to the detectection of only hard photons ex-
perimentally. This cut requires that E, > dmp/2 with
60 =0.01.

In such a radiative decay, the final state photon can
emerge with a definite polarization and there follows the
question of how sensitive the branching ratio is to the new
Wilson coefficients when the photon is in the positive or
negative helicity state. To find an answer to this question,
we evaluate (dr 1) and dF(Ed =2) for B, — v £+~ de-
cay, in the c.m. frame of £7¢~, in which the four-momenta
and polarization vectors, 1 and €9, are as follows:

PB—(EB,OOEk) B k:(EkaO7O7Ek) )

= (pvo p 1—22,—}?2),
(p 1_22,]72) 9
g1 = (0, 110)/f g2 = (0,1,—1,0)/v2, (13)

where Egp = mp(2 — 2)/2v/1 —z, E}, = mpx/2v/1 — x,
and p = mpy/1 — z/2. Using the above forms, we obtain

2

dI'(e* = ¢;) aGrp a T
_ < Ale;
da wan Ve np 4" (&),
(14)
where
vr 2 2
Aler) = 5 142(Br +2) [H|" — (4r —2) |H")

— Gmg(l — J,‘)2 Im [(AQ + A1 + BQ + Bl>Gﬂ

+ g(1 —2)2(2r +2)(|G1)* + |G)* £ 2Im [-G1G*)))

— 12my(1 — 2)zIm [(A + Ay + By + By)H{]

+ 4(1 — 2)((8r + z) Im [GH}] + (4r — ) Im [G1 H*))
+ 6m2(1 — x)*Re [(A; + A2)(By + B)]
+m3L(1—z)2(x—71)

% (|A1)? + |A2|® + | B1]? + | B2|* + 2 Re [A1 A5 + By B))
— 6me(1 —2)*Re (A2 + Ay + By + By)G¥]

+ 4(1 — z)((8r + z) Re [G1 H}] — (47 — z) Re[GH*))}

+ (lfixx)zfg{(—m + (1 — 47 + 22) In[u]) |F)?

+ 2(1 — 2)(2vz — (1 — 47 + ) In[u]) Re [FF}]

+ (2uz(4r — 1)

+ (14161 + 2% — 4r(1 + 22)) In[u] | F1|*)}

+ 2z fp {£(ve + 2r In[u]) Im [~ FH;]

+ my(1 — z) In[u] Re [(Ag & Ay + By + By)F*]
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— my(2vx + (1 — 4r — z) In[u])

x Re[(A2 £ A1 + By & B1)FY]

—2(v = 2rnfu])Im [(—F, £ F)(G; £ G")]
+ 2(vz — 2rlnfu]) Re [F1 HY]

2
1—u)
(va(l + ) + 2r(1 — 3z) In[u]) Im [Fy HY]
1+ z)(vax — 2rnfu)) Re[FAH*))},

1
x (
-1+ (15)
where +(—) is for i = 1(2) and u =1+ v/1 — v.

The effects of the polarized photon can be also stud-

ied through the variable “photon polarization asymme-
try” [11]:

dIl'(e*=e1)  dI'(e"=e2)
_ dz dz
H(l‘) T dIN(e*=e1) + dIM(e*=e3)
da dax
Aler) — Ale2)
= Sy =ey) 16
e (10
where
Afer) — Ale2)
2¢(1+42r — ) .
= §x2v{(lmlm [GlG ]

— 3mea(Im [(A1 + B1)G3] + Re [(Az + BQ)G*])}

— Gma(1 — ) (Im [(4y + By)H})
+2((1+8 —2)Im[GHY] — (1 —4r — 2) Im [G1 H"])
+ m%z(3r(Re[Ay B} + Ay Bj)

+ (1 —r—2x)Re[B1B; + A1 A3])

+ 8f2(20(1 —x) — (2 — 4r — 2) In[u])

+ 4fpz{2(v(z — 1) — 2r In[u]) Im [F H7 ]

+ myx In[u] Re [(Az + B2) F*] + me(2v(z — 1)
+ (47 — ) In[u]) Re [(A1 + B1)FY)

+ 2(v — 2rlnfu]) Re [F1G*] — Im [FG}]

+ 2(v(1 — z) — 2rIn[u]) Re [F1 H*]} (17)

and
Ay = {x% (4mg Re ([A1 + B1]G")

— 4m%7r Re (A B} + Ay B3)

4 [|H1|2 (1— )+ Re (Gle)x] (1%2_””)
4 [|H\2 (1-2)+ Re(GH*)m} w
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+ dm3 [2 Re (GN*) +m NP (1= 2)] (1 - 47— )
+1m3 [2 Re (G1N?) +m% [Ny > (1 — a;)} (1+8r — )
= 2m3, (|4 + Aol + [Baf +|Bof) (1 -7 — )

(1+2r—2x)

s (P +ien) S

+ 2m4 Im([Ag + BQ]

x [6H}(1 —z) + 2G5z — mj Nya(l — a:)])i)

+4fp (2v [Re(FG*) —Re(FHY)

Lt
(1—x)
+ m% Re (FN*) +my Re ([As + BQ]Fl*)] (1 —2)
+ Infu) [mg Re ([Ag + BoFy) z(x — 4r)

+2Re(FH") [l —z+2r(z — 2))
— 47z Re (FG*) + m% Re (FN*) z(z — 1)

— my Re ([Ay + By]F”) xﬂ

+ 2 [m% Im (FyNT) (v(1 — @) + (z — 1 — 2rz)In[u])

1—x—4r(2z — 1)ln[u])

+ Im (F1 HY) <v(:z1)+ .

+ Im (F1G7) (v — 2rin[u])]
(1-=)

+af? (21} (\F\Q (1 4r) |F1|2)

+ Infu) (18)

+ R (2(1 —4r) —

The expression in (17) agrees with [11] for the SM case
with neutral Higgs contributions.

3 Numerical analysis and discussion

We present here our numerical analysis of the branching
ratios (BR) and the photon polarization asymmetries (H)
for the By, — v¢*¢~ decays with £ = p, 7. We first give
the input parameters used in our numerical analysis:

mp =5.28GeV, my = 4.8GeV, m,, = 0.105GeV
m, = 1.78GeV , fg = 0.2GeV, |V Vy5| = 0.045 |

=137 ,Gp = 1.17 x 1075 GeV 2, (19)
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Table 1. Values of the SM Wilson coefficients at the p ~ my scale

Ch Co Cs Cy
—0.248 +1.107 40.011 —0.026

-+0.007

Cs cef Cy
—0.031 —0.313 +4.344

Cho
—4.624

B, = 1.54 x 107125 | C§T = 4.344 | 19 = —4.669.

As for the values of the new Wilson coefficients, which
are responsible for the new physics beyond the SM, they
are free parameters in this work. However, it is possible
to establish ranges out of the experimentally measured
branching ratios of the semileptonic rare B-meson decays
B — K/{*¢~ and B — K*/{T{~, recently announced by
the BaBar Collaboration [21]:

BR(B — K (7¢7) = (0.78+9:24+011y 5 1076 |
BR(B — K* (t07) = (1.6875:88 +0.28) x 1076 .

The B — K {7/~ decay has been also observed by the
BELLE Collaboration [22] with the branching ratio BR
(B = K +¢7) = (0.7510:37 £0.09) x 1075, In addition,
there is now available an upper bound of pure leptonic
rare B decays in the B® — p*p~ mode [23]:

BR(B® - putpu™) <2.0x1077.

Using these available experimental data we find that the
right order of magnitude for the new Wilson coefficients is
in the range —4 < Cx < 4, assuming that they are real.
We further note that some of the new Wilson coefficients
in (1) appear in some well known models beyond the SM,
like some MSSM scenarios, and in the literature there ex-
ist studies to establish the ranges out of constraints under
various precision measurements for these coefficients (see,

g., [24]). Our choice for the range of the new Wilson
coefficients above are also in agreement with these calcu-
lations.

It should be noted here that the value of the Wilson co-
efficient Cgﬂ above corresponds only to the short-distance
(SD) contributions. C§% also receives long-distance (LD)
contributions due to the conversion of the real ¢c into the
lepton pair ¢t¢~ and they are usually absorbed into a
redefinition of the short-distance Wilson coefficients:

G5 (1) = Cy(p) +Y () (20)

where

Y (1)

= Yieson + h(z, 8)[3C1 (1) + Ca(p) + 3C3(p) + Ca(p)
+ 3C5 (1) 4 Co(p)] — 3h(1,5)

x (4C3(p) +4C4(p) + 3C5 () + Co(p))

— 110, 5) [C3(p) + 3Cu(p)]

+ 3 (3C3(p) + Calp) +3C5(n) + Co (1)) ;

(21)

2 = me/myp, s = ¢°/mB? and the values of the individ-
ual Wilson coefficients are listed in Table 1. The functions

h(z,s) arise from the one loop contributions of the four
quark operators O1,...,0¢ and their explicit forms can be
found in [25]. It is possible to parameterize the resonance
cc contribution Yieson(s) in (21) using a Breit—Wigner
shape with normalizations fixed by data which is given
by [26]

3
)/reson(s) = *TK
Yem qu—J%wv,...
x[(3C1 (1) + Ca(p) + 3C3(p) + Ca(p)
+3Cs(1) + Cs ()] ,

xl(V, = 50 )my,
sm% —my, +imy, Ly,

(22)

where the phenomenological parameter x is usually taken
as ~ 2.3.

To make some numerical predictions, we also need the
explicit forms of the form factors g, f, g1 and fi. They are
calculated in the framework of light-cone QCD sum rules
in [7,20], and also in [27] in terms of the two parameters
F(0) and mp. In our work we have used the results of [7],
in which the ¢? dependences of the form factors are given
by

1GeV 0.8 GeV
o) = g () = ey
(1-5%) (1-%)
3.74 GeV? 0.68 GeV?
91(¢%) = filg®) =

2 2 ’ 2 2
(1-4%5) (1-%)

We present the results of our analysis in a series of
figures. Before their discussion we give our SM predictions
for the unpolarized BRs without LD effects, for reference:

BR(B, — yu p™) =1.52x 1078,
BR(Bs — y7t77) =1.19x 1078 |

which are in good agreement with the results of [15].

In Figs.1 and 2, we present the dependence of BR(W
and BR? for B, — ~vuTp~ decay on the new Wilson co-
efficients, where the superscripts (1) and (2) correspond to
the positive and negative helicity states of photon, respec-
tively. From these figures we see that BR™ and BR® are
more sensitive to all types of scalar interactions as com-
pared to the vector and tensor types, receiving the max-
imum contribution from the one with coefficient CriR1
and CLryR, respectively. From Fig. 2, we also observe that
the dependence of BR® on all the new Wilson coeffi-
cients is symmetric with respect to the zero point, while
for BR(l), this symmetry is slightly lifted for the vector-
type interactions (Fig. 1). It follows that BR® decreases
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Fig. 1. The dependence of the integrated branching ratio for
the Bs — v u ™ decay with the photon in the positive helicity
state on the new Wilson coefficients with LD effects
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Fig. 2. The same as Fig. 1, but with the photon in the negative
helicity state

0 01 02 03 04 05 06 07 08 09
T

Fig. 3. The dependence of the differential branching ratio for
the Bs — v u ™ decay with the photon in the positive helicity
state on the dimensionless variable x = 2E,/mp at different
values of vector interaction with coefficient Cr;, without LD
effects

in the region —4 < C'x < 0 and tends to increase in be-
tween 0 < Cxy < +4. BRW exhibits a similar behavior,
except for the vector interactions with coefficients Cyp,
CRry, and CLR: it is almost insensitive to the existence of
vector-type CLgr interactions and slightly increases with
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Fig. 4. The same as Fig. 3, but with the photon in the negative
helicity state
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Fig. 5. The dependence of the differential branching ratio for
the Bs — v uT ™ decay with the photon in the positive helicity
state on the dimensionless variable © = 2E,/mp at different
values of the tensor interaction with coefficient Ctg without
LD effects
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Fig. 6. The same as Fig. 5, but with the photon in the negative
helicity state

increasing values of Cpy, and CRy,, receiving a value lower
than the SM one between —4 and 0.

The differential branching ratio can also give useful in-
formation on new physics effects. Therefore, in Figs. 3-8
we present the dependence of the differential branching
ratio with a polarized photon for the By — v utu~ decay
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Fig. 7. The dependence of the differential branching ratio for
the B, — v u™ ™ decay with the photon in the positive helicity
state on the dimensionless variable © = 2E,/mp at different
values of the scalar interaction with coefficient Crrrr, without
LD effects
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Fig. 8. The same as Fig. 7, but with the photon in the negative
helicity state

on the dimensionless variable = 2E,/mp at different
values of vector, tensor and scalar interactions with co-
efficients Crr, Ctg and Crrrr. We observe that tensor-
(scalar-) type interactions change the spectrum near the
large- (small-) recoil limit, x — 1 (z — 0), as seen from
Figs.5 and 6 (Figs. 7 and 8). However, the vector-type in-
teractions increase the spectrum in the center of the phase
space and do not change it at the large- or small-recoil
limit (Figs.3 and 4). We also see from Figs. 3 and 4 that
when Cry, > 0, the related vector interaction gives a con-
structive contribution to the SM result, but for negative
values of Cpr, the contribution is destructive. Therefore,
it is possible to get information on the sign of new Wilson
coefficients from a measurement of the differential branch-
ing ratio.

From Figs. 1-8, we also see that the branching ratios
with a positive helicity photon are greater than those with
a negative helicity one. To see this we rewrite (15) for the
SM in the limit m; — 0,

Ales) = 2o (-1 4 a)’ (23)
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Fig. 9. The dependence of the integrated photon polarization
asymmetry for the B; — yuTp~ decay on the new Wilson
coefficients with LD effects
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Fig. 10. The dependence of the differential photon polariza-
tion asymmetry for the B, — v p™ 1~ decay on the dimension-
less variable * = 2E. /mp for different values of Crr, without
LD effects
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where +(—) is for ¢ = 1(2). It obviously follows that
BR™ > BR®. We note that this fact can be seen more
clearly from the comparison of the differential BRs for the
(1) and (2) cases for the vector interactions with the co-
efficient C1,, given in Figs.3 and 4, where dBR(l)/dx is

larger by about four times as compared to dBR(? /dx.

In addition to the total and differential branching ra-
tios, for radiative decays like ours, studying the effects of
a polarized photon may provide useful information on the
new Wilson coefficients. For this purpose, we present the
dependence of the integrated photon polarization asym-
metry H for B, — «vutu~ decay on the new Wilson co-
efficients in Figs.9 and 10. We see from Fig.9 that the
spectrum of H is almost symmetrical with respect to the
zero point for all the new Wilson coefficients, except the
CRL. The coefficient Cry,, when it is between —2 and 0,
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Fig. 11. The dependence of the integrated branching ratio for
the Bs — v 777~ decay with the photon in the positive helicity
state on the new Wilson coefficients with LD effects

1.6 T T T
T
=
+
-
P
7
8
I
Q
X
E
0 1 | 1
-4 -2 0 2 4

Fig. 12. The same as Fig.11, but with the photon in the
negative helicity state

is also the only one which gives the constructive contribu-
tion to the SM prediction of H, which we find H(Bs; —
v ut ™) = 0.74. This behavior is also seen from Fig. 10, in
which we plot the differential photon polarization asym-
metry H(x) for the same decay as a function of = for the
different values of the vector interaction with coefficients
CRL. From these two figures, we can conclude that per-
forming a measurement of H at different photon energies
can give information on the signs of the new Wilson coef-
ficients, as well as their magnitudes.

Note that the results presented in this work can easily
be applied to the B, — v 777~ decay. For example, in
Figs. 11 and 12, we present the dependence of the BR™
and BR® for the B, — v7T 7~ decay on the new Wilson
coefficients. We observe that contrary to the p*u~ final
state, the spectrum of BR™W and BR® for the 77~ final
state is not symmetrical with respect to the zero point, ex-
cept for the coefficient C'rg. Otherwise, we observe three
types of behavior for BR® from Fig. 12: as the new Wilson
coefficients Cr.rr1, CrLLR, CL1, and Crgr increase, BR(2)
also increases. This behavior is reversed for the coefficients
CLRLR7 CRLRL7 CLR and CVRL7 i.e., BR(Q) decreases with
increasing values of these coeflicients. However, the situ-
ation is different for the tensor-type interactions: BR®
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Fig. 13. The dependence of the integrated photon polarization
asymmetry for the Bs — 4777~ decay on the new Wilson
coefficients with LD effects
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Fig. 14. The dependence of the differential photon polariza-
tion asymmetry for the B, — ~ 77~ decay on the dimen-
sionless variable z = 2E,/mp for different values of CrrrL
without LD effects

decreases when Ct and Ctrg increase from —4 to 0 and
then increases in the positive half of the range. We also

observe from Fig. 11 that the spectrum of BR™ is iden-

tical to that of BR® for the coefficients Crrir,; CLRRL,
CrLLR, CLL, Crr and Ctg in between —4 < Cx < +4.
For the rest of the coefficients, namely Crrry,, CLr, CT,
it stands slightly below and almost parallel to the SM
prediction in the positive half of the range, although its
behavior is the same as BR®) when —4 <Cx <0.
Finally we present two more figures related to the pho-
ton polarization asymmetry H for the By — vy 77~ de-
cay. Figure 13 shows the dependence of the integrated pho-
ton polarization asymmetry H on the new Wilson coef-
ficients. We present the differential photon polarization
asymmetry H (z) for the same decay as a function of x for
the different values of the scalar interactions with coeffi-
cients CLgrpy in (14). We see from Fig. 13 that contrary to
the u* ™ final state, the spectrum of H for the 747~ final
state is not symmetrical with respect to the zero point. It
also follows that when 0 < Cx < 4 the dominant contri-
bution to H for B, — v71t7~ decay comes from CrrrL
and CpLr. However, for the negative part of the range H
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receives constructive contributions mostly from Cyggy,, as
clearly seen also from Fig. 14.

In conclusion, we have studied the total and the dif-
ferential branching ratios of the rare B, — ~£T{~ de-
cay by taking into account the polarization effects of the
photon. Doing this we use a most general model inde-
pendent effective Hamiltonian, which contains the scalar-
and tensor-type interactions as well as the vector types.
We have also investigated the sensitivity of “photon po-
larization asymmetry” in this radiative decay to the new
Wilson coeflicients. It has been shown that all these phys-
ical observables are very sensitive to the existence of new
physics beyond SM and their experimental measurements
can give valuable information on it.
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