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Abstract. Polarized forward-backward asymmetries in the B; — ¢7 ¢~ decay are calculated using the most
general, model independent form of the effective Hamiltonian, including all possible forms of interactions.
The dependencies of the asymmetries on new Wilson coefficients are investigated. The detectability of the

asymmetries at LHC is discussed.

PACS. 12.60.-i, 13.30.-a

1 Introduction

Rare radiative leptonic By(q) — €14~ decays are induced
by the flavor-changing neutral current transitions b — s(d).
In the standard model (SM) such processes are described by
penguin and box diagrams and have branching ratios 108
1071 (see for example [1]). These rare decays cannot be
observed at the running machines such as Tevatron, BaBar
and Belle, but the Byg) — utu~ and By — wrpTy
decays can be detected at LHC with ATLAS, CMS and
LHCDb detectors [2]. Many experimental observables such as
the branching ratio, photon energy, dilepton mass spectra
and charge asymmetries, as well as the transition form
factors, are investigated for the By — ¢T0~7 decays
in [3-9]. At the same time By(q) — £7¢~~ decays might be
sensitive to new physics beyond the SM. New physics effects
in these decays can appear in two different ways: either
through the new operators in the effective Hamiltonian
which are absent in the SM, or through new contributions
to the Wilson coefficients existing in the SM. One efficient
way for the precise determination of the SM parameters
and looking for new physics beyond the SM is studying the
lepton polarization effects. It has been pointed out in [10]
that some of the single lepton polarization asymmetries
might be too small to be observed and might not provide a
sufficient number of observables in checking the structure
of the effective Hamiltonian. In need of more observables,
in [10] a maximum number of independent observables have
been constructed by considering the situation where both
lepton polarizations are simultaneously measured.

In the present work, we analyze the possibility of search-
ing for new physics in the B, — ¢T¢~~ decay by study-
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ing the forward—backward asymmetries when both leptons
are polarized, using the most general, model independent
form of the effective Hamiltonian including all possible
interactions. Note that the sensitivity of double-lepton po-
larization asymmetries on new Wilson coeflicients for the
Bs — {707~ decay has been investigated recently in [11].

This work is organized as follows. In Sect. 2, the matrix
element for the B, — £t¢~~ is obtained, using the gen-
eral, model independent form of the effective Hamiltonian.
In Sect.3, we calculate the polarized forward—backward
asymmetries of the leptons in B, — £T¢~v decay. Sec-
tion 4 is devoted to the numerical analysis, discussions
and conclusions.

2 Theoretical framework

In the present section we derive the matrix element for the
B, — 107~ using the general, model independent form of
the effective Hamiltonian. The matrix element for the pro-
cess By — {10~ ~ can be obtained from that of the purely
leptonic By — £T¢~ decay. At inclusive level the process
B, — €74~ is described by the b — ¢¢/* ¢~ transition. The
effective b — ¢/ ¢~ transition can be written in terms of
twelve model independent four-Fermi interactions in the
following form [12]:
Ga
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+Cr le'HVbEO"uyé—FiCTE e””aﬁ(ﬁf‘wb@aaﬂé}, (1)

where C'x are the coefficients of the four-Fermi interac-
tions and
1-7% 1+%

2 2
The terms with coefficients Csr, and Cgr which describe
penguin contributions correspond to —2m,C¢®  and
f2mbC’$fF in the SM, respectively. The next four terms
in this expression are the vector interactions. The interac-
tion terms containing Cf$" and Cf% in the SM have the
form C§T — Cyp and C§T + Oy, respectively. Inspired by
this, CI9" and Cf% will be written as

L= , R=

Ci$t = C§™ — C10 + Cuu,
O = € + Oy + Crg,

where Cpp, and Cpr describe contributions from new
physics. The terms with coefficients Cr.rrr, CRLLR, CLRRL
and Cgrpry, describe the scalar type interactions. The last
two terms in (1) with the coefficients Ct and Cg describe
the tensor type interactions.

Having presented the general form of the effective
Hamiltonian the next problem is the calculation of the
matrix element of the B, — ¢*¢~~ decay. This matrix ele-
ment can be written as the sum of the two parts, structure-
dependent and inner-Bremsstrahlung parts

M = Mgp + M. (2)

The matrix element for the structure-dependent part Mgp,
which corresponds to the radiation of photon from initial
quarks, can be obtained by calculating the matrix element
(v |Hest| B). Using (1) we see that for calculation of Mgp
we need to know the following matrix elements:

V157 (1 F 75)b] B) ,

V150,40 B) ,

7 150,0| B) ,

v15(1F 5)b| B) . (3)

The first two of the matrix elements in (3) are defined in
the following way [3,7,13,14]:

(v(K) @7, (1 F 75)b| B(ps))

e *
= — {ewoe Yk g(q?)
B

(
(
(
(

£i [ (kq) — (" )k f(d)} (4)
(7(k) |go,ub| B(ps))
= e [GEPET + He¢" + N(e*) k7] . (5)
mp

Here, ¢* and k are the four vector polarization and mo-
mentum of the photon, respectively, ¢ = pp — k is the mo-
mentum transfer, pp is the momentum of the B meson and
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9(¢%), f(¢%), G(¢*), H(¢*) and N(¢?) are the By — 1 transi-
tion form factors. The matrix element (y(k)|50,,,750|B(pB))
can be obtained from (5) using the identity

i
Opy = —§€W,a50'aﬂ’}/5.

The matrix elements

(v(k)[5(1 F 75)b| B(ps))
and (v |5i0,.¢"b| B)

can be obtained from (4) and (5) by multiplying them by
¢" and ¢”, respectively, as a result of which we get

(v(k) [5(1 F 75)b| B(ps)) = 0, (6)
: v € . vV _ak
(7181040 B) = —5-i€uvapg’e® k°G. (7)
mp

The matrix element (v |5io,,,¢” (1 4+ 75)b| B) can be written
in terms of the two form factors fi(¢?) and g;(¢?) that are
calculated in the framework of QCD sum rules [3,13] in
the following way:

(v 15i04,q” (1 + 75)b| B)
— i ok ﬂka 2
mQB {6;1,04['305 q gl(q )

i [enak) — Ek) A} )

It should be noted that these form factors were calculated
in the framework of the light-front model in [14]. Equa-
tions (5), (7) and (8) allow us to express G, H and N in
terms of f1 and g;. Equations (4)—(8) help us rewrite Mgp
in the following form:

aGF

Msp = —L v, v,
SD 4\/§ntbt

_c I~ (1 —
Xz (B0 =)t

*
q

X [A1uuape™ak? 1.4 (¢, (k) — (" 0)k)]
HyH (1 +75)e
x [Bl%wx,ﬂe*vqakﬁ +iB, (€Z(qu) (k)]
+i€uaplo™ t [Ge* K’ + He**q” + N(*q)q" k"]
—HZUWE )
X [G1(ekY — kM) + Hy(e*q” — e q")
+N1(e*q)(¢"k” — ¢"k")]},

where

1
A= z (Cer + Cs1) g1 + (CIY + Cre) 9,

1
Ay = P (Csr — Cs1) f1 + (CLY' — Cro) f,

1
B, = P (Cer + Cs1) 91 + (CL% + Crr) 9,
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B, = (CBR —Cs1) f1 + (Cf% — Crr) f,

G = 4Crgs,

N = —4Cqu2(f1 +91), (10)
H = N(qk),

G1 = —8CTEg1,

1
Ny = SCTE?(fl +91)s
H1 = Nl(qk)

In regard to the inner-Bremsstrahlung part, as a result of
the relevant calculations we get

oGy (& Pp %B;Z*
Mg = Won Vi Vige fBi {F€ < ok 2pok Vsl
¥ Pt 1 1
R o T ok T o Tk ) T

(11)
In deriving (11), we have used
(0157,75b|B) = —ifBPBAY,
(0150 (1 + 75)0| B) = 0,
The functions F' and F; are defined as follows

F = 2mg (CtOt
mp

+W (Crrir — CrLLR — CLRRL + CRLRL) ,
b

CiY* + Crr — Crr)

2
m
B
P (Curir — Crrir + Crrrr — CrLRL) -
b

F = (12)

3 Polarized forward—backward asymmetries
of the leptons in B, — £1t£~~ decay

In the present section we calculate the polarized forward—
backward asymmetries of leptons. For this purpose we de-
fine the following orthogonal unit vectors s (herei =1, T
or N stands for longitudinal, transversal or normal polar—
izations, respectively) in the rest frame of £+

st = (0,e]) = (0, |§|) ,
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st = (0,e) = (0,e x ), (13)
where p4 and k are the three-momenta of the leptons ¢+
and photon in the center of mass frame (CM) of £~ T
system, respectively. Transformation of unit vectors from
the rest frame of the leptons to CM frame of leptons can
be accomplished by the Lorentz boost. Boosting of the

longitudinal unit vectors sf” yields

Fu lp£| Epx )
S =|—/,——, 14
(o= (B2 ()
where p; = —p_, Ey and my are the energy mass of leptons
=T 7]

in the CM frame. The remaining unit vectors sy", st" are
unchanged under a Lorentz transformation.
The definition of the normalized, unpolarized differen-
tial forward-backward asymmetry is
d2r

1 d2r 0
dz d
/ dsdz /_ L dadz
0 2
d<r
d
/_  dadz
where z = cos @ is the angle between A, meson and £~ in
the center of mass frame of the leptons. When the spins

of both leptons are taken into account, the Apg will be a
function of the spins of the final leptons, and it is defined as

) ([ L)

(15)

A (3)

.

d2 _i7S+:j)
X{[ dsdz
_d2F(§,8_ :i7s+ = _J)
dsdz
_[rGsT = —is =)
dsdz
_d2F(§,s_ =—4,8T =—j)
dsdz ’
= AFB(S_ = i78+ :J) _AFB(S_ — i,S+ — _.7)
—Arp(s~ = —i,8T =)
+App(s™ = — st = —7). (16)

Using these definitions for the double polarized FB
asymmetries, we get the following results:

1
A= 3 {‘4m23§<1 — §)%Re[ A} A; — B; B,

2
- A 1_ A 2 1_ 2
mémBs( $)%u( v7)

x (Im[(A] — BY)G1] — Re[(A2 — B2)"G])

?)Im[(A} — BY)H,]
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ﬁj@v fempd(l —3)(1 —v?)In[l — v

+
x Re[(A5 — B3)F|

41} fempd(l —5)(1 —v?)In[l — v

< Rel(A - B{) 1 a7)
LA

App = A{ 3m3\/g(1 §)*v
x Re[(A} — A5 + B + B3)G4]

4
+§m3\/§(1 — 8)%0Im[(A} — A5 — Bf — B})G]

+§m%@(1 — 8%

x (Re[(A3 — B3)N{| — Im[(A3 + B3)N])

2
31

x (2Re[G* Ny + G{N + m}3N; N|

+Im[A] B + A5 Bs))

—femEVE(1 - 3)

x {2fpmpi, Im[F} F]1,

+v[mp(1l — §)Im[(AT + B})F]

+mpIm[(A} — A5 — B — B})F

— §(AT + A5 — BY + B3)F] + 8y Re[F*Hy|| I7 }

+femEVE(1l - 5)

xv[l — 5(1 — 20?)] Im[(A; — B3)F1]|J4

+8fpmEimgV5(1 — 8)v Re[F*(G1 + m5N)|Ja

m3VE (1 — 8)%u(1 —v?)

+4 fpmbmeVE(1 — é)QUIm[FfN]j4}, (18)
1 (4 _
Agé‘ = Z {SmB\/;(l — 8)2’0
x Re[(A% + A} + B} — B)G4]
4

+§mB\/§(1 — )20 Im|[(A + A5 — B} + B})G]

+§m§;\/§3(1 — )
xv (Re[(A3 — B3)N1] + Im[(A; + B3)N])

2
3y

+——m3V3E (1 - 8)%(1 —v?)

x (2Re[G*N1 + G{N + m%3N{ N|
—Im[A}B; + A3 Bo))

+fmiVE(1 - 5)

x {2fpmin, Im[F} F]14

+v[mp(1 — 8) Im[(A} + B)Fy)

—mpIm[(A] + A5 — Bf + B3)F

—8(A] — Ay — BY — B3)F| + 8y Re[F"H|| I7 }
+femEVE(L — 8wl — 3(1 — 20?)]

x Im[(A3 — B3)F1]J4

—8fpmEmgVa(1 — 8)v Re[F* (G +m%LN,)|Tu

—4dfpmbmgVa(1 — §)2v1m[FfN]j4}, (19)

A

A = 5 {5zt - 82 [1 (16" +GP)

3V/s

+mds (1411 + |4l +|B1 + |Baf*) |
—SmpVA( - 3% (Im](47 ~ B)G]
~Re[(A3 — B3)(G + m}5N)))

—SmsVA( — 922 7) (PRel(A] + B))C]
~ Tmf(45 + B) (G1 + msN))
+§m23me\/§(1 - 35)?

x (Re[A;Bl + A3By + 4G Ny + 2m% 3 |N1|2)
+%f§mi’§me(l —3)

< [(1=8) (1B + 1) (1 + Jo) + 280 | B2 7]

+femBVE(1L — §)20® Re[(AT — BY)F1)J4
—femEVE(1 — §%)v? Re[(A3 — B3)F*|J4
+fmEVE(1 — §)%(2 — v®) Re[(AT + B} F|J4

—AfpmbmeV5(1 — 3)[2 4 02 — 3(2 — v?)]
x Im[F} N1]J4

+8fpmEmeV3(1 — §)v? Im[Fy H )T,
—fEmB V(1 = §)[2 —v” = 5(2 = 30°)]

x Re[(A} + BS)F1]J4

}me%mga —8) [(1 — 8+ 50*) Im[F} G4]

+(1-38) Re[F*G]]j4}, (20)

A

AL — L {—4@(1 —3)? [4 <|G1|2 + |G|2)

3vs
+ms (|41 + |4z + [B1 + |Bal )|

4
—gmB\/g(l —3)%0?
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x (Im[(A} — B})G1] x {(1 =80Ty + I3) — (1 + & + 28071,
—Re[(A3 — B3)(G + m§3N))) —[1—5(4— 35— 2095}
+§m3\/§(1—§)2(2—v2) +lflgm%|pl|2

x (Re[(A] + B})G] < {—(1 = 8)2*(Ty + Ts)

* * 2 4
—Im [(A3 + B3) (G1 +mB3N:)]) F[L 82— 3 — 40+ 2807 — 280N Ts

fgm%me\@u —5)? —25(1 = 5)v(1 —v¥) Ty

+[1 - 8(2 — 54 2507 — 280")]T5}

X —4fpm¥%svRe[F* H|[(1 — §)vTs + (1 + 5)T7]
fﬁf%m‘éme(l —3) —4fpmZ s Im|Fy Hy)

x[(1 — 8)v®Zs + (3 — 20% — 35 + 450°) ;]
+2fpmping Re[(A} + B})F)]

(Re[A By + A3By + AGTNY] + 2m35 | V1 | )

< [(1=5) (IFP +FP) (51 + Fo) + 250 | o]

+femEVE(1 — §)20? Re[(A] — BY)F1)J4 X [8(1+ 8) +m% (1 — 82)v>T

—femBV3(1 - 8°)v* Re[(A5 — B3)F]J +m%(1— 8)(1 - 33)T]

—femBV3(1 - 8)*(2 — v*) Re[(A] + B})F|J4 —fempri(l — 8) Re[(A; + B3) F1]
+4fpmumeV/5(1 — 8)[2 + v® — 3(2 — v?)] X [8 +m% (1 — 58)v?Tg + m%H(3 — 35 + 48v%) T
x Im[FY' N1 T4 +fp Im[Fy G1]

—8fpmEimV3(1 — §)v? Tm[Fy Hy T4 x [—24(1 - § +2807)

FFmiVE(L = §)[2 — v? — (2 — 30?)] +mp (1 — 8)(1+ 35 — 650°)v?Zs

x Re[(A% + B3)F1]J4 —mp(1—8)(1— & —250°)I;]

+%f3m23m"(1 ~9 A=+ s ImlF Gy :JEB—ZT([?JFC;]) m(1— 8)(1 — 38)0°T;
+(1—38) Re[F*G]]j4}, (21) —mp(1 = 8)(1 — 78 + 45v°) Iy

+femps Im[Fy Ny [-8(1 — § + 28v?)
where
+m%(1 - 8)(3 + § — 250%)v?Zg

A = 16mpmye(1 — §)? (Im[(A + B3G
maie( 8)” (Im{(4 2)G1] +m23(1—8)(3—211 — 35+ 450 )17]

—Re[(A] + B])G — mping (Al By + A5By)])

2 A *
Re[F*N
48mprigs(1 - 3) Im{(A3 + B} )] Hlomus e :
—8(1 S 1—3§ _ 2 T
—8miymes(1 — 8)2 Im[(A5 + BS)Ni] X [=8(1+8) + mp(1 - 3)(3 - §)v°Zs
2 22
2 R +mp(l—38°)I] . (22)
+5(1-9? 46 ) (IGi* +|6P)
In (16)-(22), 5 = ¢/m%, v = /1 — 417 /3is thelepton
+m%5(3 4 v?) <|A1\2 + | A + |By* + |B2|2)} velocity with 7, = my/mp, and Z; represent the follow-

ing integrals:

+1
-1

116502 {(1 — 3)Re[G*H] + 3 |H|2}

+165(3 — 20%) [(1 — §)Re|GXHy] + 8 |H1|2}

+1 0
—§m2B§(1 —3)%(3 - 20?) (2 Re[GN] + m%5 |N1|2) Ji = ; Gi(z)dz — Ll Gi(z)dz
—gmgg(l - 8)%? (2 Re[G*N] + m%5|N| ) where

zvV1 — 22 21— 22

1 2 __AvViTE _cFvi—==~
—§f§mj§|F| o (1 K)(p2 k) 77T (p1- k)2
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V1—22 21 — 22

B T R
2 1

Fi= (p1 - k;(}?z k)’ 72 = (p1-k)(p2 - k)

2
s = (plz' k)2’ Fa= (pl}'zki)w

2

R
Fr= pll.k'

We note that the forward—backward asymmetries Ann,
AxTt, Aty and Apr are all equal to zero.

4 Numerical analysis and discussion

In this section we present our numerical analysis for all
possible polarized forward—backward asymmetries of lep-
tons. The values of the input parameters which we have
used in the numerical analysis are |V;, V5| = 0.0385, m,, =
0.106 GeV, m, = 1.78 GeV, my = 4.8 GeV. For the SM
values of the Wilson coefficients we have used C$M(my,) =
—0.313, C5™(my,) = 4.344 which corresponds to the short
distance contributions only, and C§}!(m;) = —4.669. The
magnitude of C7SM is quite well determined from the b — sy
transition, and hence it is well established. Therefore the
values of Cggr and Cgy, are fixed by the relations Cgr =
—meC‘7Slcf and Cgr, = —QmSC’?Cf. It is well known that the
Wilson coefficient C5™ receives also long distance contri-
butions which have their origin in the real ¢c intermediate
states, i.e., J/1, ¢, ... [15] that is realized as

Ot = C5M + Y (3),
where

Y (8) = YPI(3)

3T o
_720()

. +p—
o sm

Vi=t(13)... 6 (63) B~y iy
Explicit expressions for YP'(5), C(*) and the value of K;
can be found in [16] and [17], respectively. In the present
work we consider only short distance contributions.

A few comments about the long distance contributions
are in order. It is well known that the dominant contri-
butions arise from the first two low lying J/v resonances.
In order to minimize the hadronic uncertainties we must
discard the kinematical region of ¢ between these two
resonances by dividing it into low and high dilepton mass
intervals as follows:

2
low ¢ region : 4m§ <¢< (m¢ —/ \/iﬁl/,mw) ,

2
high q2 region : (mw/ +/ \/§Fw1m¢/> < q2 < mQBS,
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However, long distance contributions are negligibly small
in the regions R; and Ry, and our analysis indeed confirms
that the numerical results presented in this work almost
coincide with the results when the long distance contribu-
tions are taken into account. This is a verification of the
fact that our results are reliable and can safely be tested
in the above-mentioned domains R, and Rs.

The values of the new Wilson coefficients are needed in
order to carry out the numerical calculations for A;; given
in (17)—(22). All new Wilson coefficients are varied in the
range — C’lsé\/[’ <Cx < ’C’%\/I‘ and it is assumed that they
are real. The experimental results on the branching ratio
of the B — K*(K){T¢~ decays [18,19] and the bound on
the branching ratio of B — ptu~ [20] suggest that this
is the right order of magnitude for the Wilson coefficients
describing the vector and scalar interaction coefficients. But
present experimental results on the branching ratio of the
B — K*{™¢~ and B — K{T{~ decays impose stronger
restrictions on some of the new Wilson coefficients. For
example, -2 S OLL S O7 0 S CRL S 2.3, —-1.5 S CT S 1.5
and —3.3 < Ctg < 2.6, and all of the remaining Wilson
coeflicients vary in the region — ‘C’ls(l)v[| <Cx < ’Clsé\ﬂ

It follows from the expressions of all forward—backward
asymmetries of the leptons that explicit forms of the form
factors are needed, which are the main and most important
parameters in the calculation of A;;. These form factors
are calculated in the framework of the QCD sum rules
in [3,13,14] whose ¢? dependences are given as

1GeV
g(q2) = 5 2
R
(5.6 GeV)?2
0.8 GeV
f(qg) = 5 PR
T
(6.5GeV)?
3.74GeV?
gl(q2) = 2 25
(1~ wseer)
T A E 2
40.5 GeV
0.67 GeV?
fi(d®) = 5

PR
2
30 GeV

which we will use in the numerical analysis.

Numerical results are presented only for the By —
(T¢~~ decay, because in the SU(3) limit the difference
between the decay rates of B, — {74~y and By — (T4~
is attributed only to the CKM matrix elements. In other
words, the decay rate of the By, — £t/{~v is approxi-
mately 20 times larger compared to that of decay rate
of By — {74~ ; that is

[(Ba—0T07)  [VaVal? 1
L(Bs = 0H07y) — |V VP~ 207

Concerning this ratio, we would like to make the fol-
lowing remark. If the contribution of the weak annihila-
tion diagram (see for example [9]), as well as the CKM
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0.3 Crprpr = —4 —a— o
Crrrr = =2 --0--
Crgrr = 0 --%--
— CLrrr = +2 8-
n CrLrrr = +4 —o—
\:L ]
1
8
=9 -
%
=
1
20.0 25.0

Fig. 1. The dependence of the polarized forward—backward
asymmetry AEL on ¢? at four fixed values of Crrri for the
By — pTp~y decay

factor in Y'P®*(8), is taken into account, By — £T£~~ and
B, — {T4~~ decay rates involve then different CKM fac-
tors. And if these contributions are neglected, which in
fact are small, the above-mentioned ratio holds to within
a good accuracy for the B, — £T¢~~ decay widths.

We now proceed by commenting on the result of our
numerical analysis. Firstly, we study the dependence of
the polarized forward-backward asymmetries on ¢2 at five
different values of the new Wilson coefficients. Our detailed
numerical analysis shows that for the By, — u™ ™+ decay
only the AL and ALL asymmetries have zero positions
(the numerical values of the asymmetries ALY and ARE
are very small and hence we do not present them). In
Fig.1 we present the dependence of ALL on ¢? at five
fixed values of the scalar interaction coefficient CLrr1, =
—4;—2;0;42; +4. From this figure we see that the zero
position which occurs for positive values of Cp gy g is shifted
to the left for increasing values of Cprp,r. The same figure
also depicts that the zero position of AIFJ}E is absent for
the SM case. Therefore, determination of the zero position
of AEL is an unambiguous indication of the new physics
beyond the SM, as well as allowing us to determine the sign
of the scalar interaction coefficients Cp,rrr,. The numerical
calculations show that, similar to the previous case, the
zero position of the ALL appears again, but the difference
from it being it occurs for the negative values of Crpry- A
more interesting observation for these cases is that the zero
position appears for ¢2 < 2 GeV? and hence it is free of the
long distance J/1 contributions. It should be noted here
that the zero position of AKL is present for the remaining
scalar interaction coefficients C rrr and Crprr as well,
but zero position of AL appears at g2 ~ 10 GeV2. As far
as By — ptp~ v decay is concerned, our numerical analysis
shows that the zero position of AL is absent for all Wilson
coefficients other than the scalar interaction coefficients.
Hence, a determination of the zero position of ALL can serve
as a good test for establishing new physics beyond the SM
due to the presence of the scalar interaction coefficients.

The situation for the ALS asymmetry for the By —
™y decay is richer in content compared to that of the
ALE case. For this forward-backward asymmetry, the zero
position occurs for all new Wilson coefficients. In Figs. 2-5
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we present the dependence of Ag{g on ¢? at five fixed values
of the new Wilson coefficients and we get the following re-
sults.

(1) For vector interactions with the Wilson coefficients Cr,r,
and CRrg, the zero position of ALY is shifted. When these
coefficients get positive (negative) values, the zero position
of ALL is shifted to the left (right) compared to that of the
SM case. In the presence of the Wilson coefficients Cpr
and CRy, the zero position of the A%:I]g is shifted to the
right (left) compared to that of the SM result, when these
Wilson coefficients are positive (negative).

(2) In the presence of the scalar interactions with the co-
efficients Cprrr and Cgrrry, the zero position of A%% is
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Fig. 6. The dependence of the polarized forward—backward
asymmetry AEL on ¢? at four fixed values of Cr for the B, —
777 decay

shifted to the left compared to that of the SM result. The
zero position for Cprry, occurs only for its positive values,
while it occurs only for the negative values of CrygL.

In the presence of scalar interactions Cry,r,r and CrrLR,
no new zero position of AL occurs with respect to the one
for the SM case.

(3) New zero positions of ALL are observed in the presence
of the tensor interaction for the positive values of C'r, and
the zero position is shifted to the left,

In the case of B, — 77777 decay, similar to the
B, — ptu~y decay, we observe that several of the po-
larized forward—-backward asymmetries are very sensitive
to the existence of new physics. Let us briefly summarize
our results.

(i) ALL is sensitive to the presence of the tensor interaction
and its zero position occurs for Cp = +4 at ¢2 ~ 17 GeV?,
while the zero position of AL is absent for the SM case.
Therefore, a determination of the zero position of ALk
can confirm the existence of the tensor interaction in the
Bs — 777 decay (see Fig.6).

(ii) Among all polarization asymmetries (which can be
measurable in the experiments) only ALL is very sensitive to
the existence of all types of new physics interactions, except
to the presence of the vector interactions with coefficients
CLL and CRR~

(1) .A%:{g exhibits similar dependence on C1,g and CRy,. The
zero position of ALY is shifted to the left (right) when Cpr

T.M. Aliev et al.: Polarized forward-backward asymmetries of leptons in By — £7¢~~ decay
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Fig. 7. The dependence of the polarized forward—backward
asymmetry Af on ¢? at four fixed values of Cp for the B, —
7r7r 7y decay

and CRry, are negative (positive) compared to that of the
SM prediction. Note that the zero position of ALE lies on
the left side for the vector interaction Cpr compared to
the zero position of the Cgy,.

(2) ALE shows a stronger dependence on the scalar interac-
tions CLrrL and CrrrL. The magnitude of ALY increases
(decreases) as the new Wilson coefficient Cprgy, gets posi-
tive (negative) values. This behavior is to the contrary for
the coefficient CrrRL.

(3) In the presence of the tensor interaction with the coef-
ficient Cr, zero position of the asymmetry AL is located
on the left side of the SM prediction for negative values
of Cr (Fig. 7).

We see from the explicit expressions of the polarized
forward—backward asymmetries that they all depend both
on ¢? and the new Wilson coefficients. For this reason there
may appear difficulties in the experiments in studying the
dependence of the physical observables on both parameters
simultaneously. In order to get “pure information” about
new physics, we eliminate the dependence of physical quan-
tities on ¢2, by performing the integration over ¢ in the
kinematically allowed region, i.e., we average the polarized
forward-backward asymmetry

m2 B
f B'AZJd > 2
my dB o

f4m£ P

(Aij) =

In Fig.8 we depict the dependence of <.A11;I]§> on the
new Wilson for the B, — p*p~~ decay. From this fig-
ure we see that <AI§I§> shows a symmetric behavior in its
dependence on all scalar interactions; and except for the
regions —4 < CRR7CRL <0, -04 < CLRRL7CLRRL <0
and 0 < CrrrL, CLrLr < 0.4 it is larger compared to the
SM result (the SM result corresponds to the intersection
point of all curves). It is also interesting to observe that
(ALEY > (AR for only negative values of Crg.

Our numerical analysis furthermore shows that, for the
B, — uTp~~ decay, <A%};> is sensitive only to Ct and
at negative (positive) values of Cp (AFL) is positive (neg-
ative) and larger (smaller) compared to the SM result.
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Fig. 9. The same as in Fig. 8, but for the polarized forward—
backward asymmetry AL

Therefore, determination of the sign and magnitude of
(AFE) can serve as a good test for establishing existence
of the tensor interaction.

The dependence of (ALL) on the new Wilson coeffi-
cients for the By — pt ™7 decay is presented in Fig. 9.
We observe from this figure that <AE{§ shows stronger
dependence on the tensor interaction coefficient Ct and
scalar interactions Crrrr, and CLRRL.

In Figs. 10, 11, and 12 we present the dependence of
(AEE), (AEL) and (ALE) on the new Wilson coefficients
for the By, — 777~ decay, respectively. Figure 10 depicts
that (AEE) exhibits considerable departure from the SM
result for the scalar interactions and the vector interaction
with coefficient Crgr. We see from Fig. 11 that when new
Wilson coefficients are negative (AEL) shows a stronger
dependence on the tensor interaction (Ct) and scalar type
interactions, and when Cx > 0, (AEL) exhibits a strong
dependence on vector interactions and the tensor interac-
tion with the coefficient Crg.

At the end of this section, we discuss the problem of
the detectability of forward—backward asymmetry in the
experiments. Experimentally, to measure an asymmetry
(Ajj) of the decay with the branching ratio B at no level,
the required number of events (i.e., the number of BB
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Fig. 11. The same as in Fig. 10, but for the polarized forward—
backward asymmetry AYL
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Fig. 12. The same as in Fig. 10, but for the polarized forward-
backward asymmetry Agxg

pairs) is given by

n2

N - 85152 <.Aij>2 ’

where s; and sy are the efficiencies of the leptons. The
efficiency of the u-lepton is practically equal to one, and
typical values of the efficiency of the 7-lepton ranges from
50% to 90% for the various decay modes [21].

From the expression for N we see that, in order to obtain
the forward-backward asymmetries in B, — £7¢~ v decays
at 30 level, the minimum number of required events are
(for the efficiency of 7-lepton we take 0.5, and for (A;;),
their maximal values beyond the SM)
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(1) for the By — ptpu~y decay

N = ~ 2 x10° (Arn),
~ 3 x 10" (Apr) ~ (At1),

which yields that, for detecting (Arr) and (Arr,), more
than 10'3 BB pairs are required. Next,
(2) for Bs — 7777 decay

N =~6x 10" (ALr), (Aur), (ArL).

The number of BB pairs that will be produced at LHC
is around ~ 10'2. As aresult of a comparison of this number
of BB pairs with that of V', we conclude that {Arr), (Arr)
and (Arr,) in both decays can be detectable in “beyond the
SM scenarios” in future experiments at LHC. Note that
in the SM, only (Arp) for the By — putu~v decay can
be detectable at LHC. Therefore, the observation of these
asymmetries can be explained only by new physics beyond
the SM.

In conclusion, we calculate polarized forward—backward
asymmetries using the most general, model independent
form of the effective Hamiltonian including all possible
form of interactions. The sensitivity of the averaged po-
larized forward—backward asymmetries to the new Wilson
coefficients is studied. Finally we discuss the possibility of
experimental measurement of these double-lepton polar-
ization asymmetries at LHC.
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