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In this paper the polarized and unpolarized lepton pair forward-backward asymmetries and their
averagesin B — K, (1270)¢*¢~ and B — K*¢* ¢~ decays using model III of the two Higgs doublet model
are investigated. The obtained results of both decay modes are compared to each other and to those of SM.
In addition, by obtaining the minimum required number of events for detecting each asymmetry and
comparing them with the number of produced BB pairs at the LHC or supposed to be produced at the
Super-LHC, we present a comprehensive discussion regarding the polarized and unpolarized forward-
backward asymmetries of B — K(1270)¢¢~ and B — K*£*¢~ decays. We discover that the study of
these asymmetries and the corresponding averages in B — K, (1270)£+#~ and B — K*£*¢~ decays can
provide good signals for probing new physics beyond the SM in the future B-physics experiments.
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I. INTRODUCTION

The flavor-changing neutral currents (FCNC)
b — s¢"¢~ (¢ = e, u,t), forbidden in the standard model
(SM) at the tree level, are very sensitive to the flavor
structure of the SM and to the new physics (NP) beyond the
SM. Lately, the rare decays B — K,Z* ¢~ involving axial-
vector strange mesons have been the matter of many
theoretical discussions either in the framework of the
SM [1-4] or in the framework of some new physics
models, such as models including a universal extra dimen-
sion [5], supersymmetry particles [6], the fourth-generation
fermions [7], and the nonuniversal Z’' model [8]. Generally,
by studying these semileptonic decays, a number of
physical observables such as branching ratio, the forward-
backward asymmetry, and lepton polarization asymmetry,
which have important roles in testing SM and in probing
possible NP models, could be investigated.

In the quark model, the two lowest nonets of J© = 11
axial-vector mesons are usually the orbitally excited gq’
states. In the context of the spectroscopic notation, these
nonets correspond to two types of lowest p-wave mesons,
specifically, 13P; and 1'P,. The two nonets have distinc-
tive C quantum numbers, C = 4 or C = —, respectively.
Experimentally, while the JP¢ = 1" nonet contains
a;(1260), f,(1285), f1(1420), and K4, the 17~ nonet
consists of b;(1235), hy(1170), h;(1380), and K. The
physical states K, (1270) and K, (1400) are the mixtures of
13P, (K;,) and 1'P, (K,p) states. K4 and K, are not
mass eigenstates and they can be mixed together due to the
strange and nonstrange light quark mass difference.
Considering the convention given in Ref. [1], their relations
can be written as
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The SM of electroweak interactions has been strictly
tested over the past 20 years and shows an excellent
compatibility with all collider data. The dynamics of
electroweak symmetry breaking, however, is not exactly
known. While the simplest possibility is the minimal Higgs
mechanism which suggests a single scalar SU(2) doublet,
many extensions of the SM predict a large Higgs sector to
contain more scalars [9,10].

Two conditions which tightly constrain the extensions of
the SM Higgs sector are first the value of the rho parameter,
p = M3, /M%cos’0y, = 1, where My, (M) is the W* (Z)
boson mass and 0y, is the weak mixing angle; and second
the absence of large flavor-changing neutral currents. The
first of these conditions is spontaneously fulfilled by Higgs
sectors that consist only of SU(2) doublets (with the
possibly additional singlets). The simplest such model that
contains a charged Higgs boson is a two Higgs doublet
model (2HDM). The second of these conditions is sponta-
neously satisfied by models in which the masses of
fermions are produced through couplings to exactly one
Higgs doublet; this is known as natural flavor conservation
and forbids the tree-level flavor-changing neutral Higgs
interactions phenomena.

If we impose natural flavor conservation by considering
an ad hoc discrete symmetry [11], there would be two
different ways to couple the SM fermions to two Higgs
doublets. The type-I and type-Il 2HDMs, which have been
studied extensively in the literature, are such models [10].
Without considering discrete symmetry, a more general
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form of 2HDM, namely, model III, has been obtained
which allows for the presence of FCNC at tree level.
Consistent with the low energy constraints, the FCNC
involving the first two generations are highly suppressed,
and those involving the third generation are not as severely
suppressed as the first two generations. Also, in such a
model there exists rich induced CP-violating sources from
a single CP phase of vacuum that is absent in the SM,
model I and model II. In order to consider the flavor-
conserving limit of type III, we suppose that the two
Yukawa matrices for each fermion type are diagonal in the
same fermion mixing basis [12]. All three structures of
2HDM generally contain two scalar Higgs bosons h°, H?,
one pseudoscalar Higgs boson A°, and one charged Higgs
boson H*.

Motivated by the above paragraphs, we shall address the
effects of model III of 2HDM in the rare decays
B — K (1270)¢*¢~. Also, we consider the influences
of such model on the B — K*/7¢~ decays. In such a
way, we present a comprehensive analysis for the polarized
and unpolarized forward-backward asymmetries of B —
K,(1270)¢* ¢~ and B — K*£*¢~ decays and study the
sensitivity of results to the vector property or the axial-
vector property of produced mesons.

The remainder of this paper is organized as follows. In
Sec. II, we first present the expressions for the matrix
elements of B to an axial-vector meson and B to a vector
meson, here B — K(1270)¢1¢~ and B — K*¢*¢-,
|
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respectively, in SM and 2HDM. Then the general expres-
sions for the polarized and unpolarized lepton pair forward-
backward asymmetries have been extracted out. The
sensitivity of these polarizations and the corresponding
averages to the model III 2HDM parameters have been
numerically analyzed in Sec. III. In the final section, a
summary of concluding remarks is presented.

II. ANALYTIC FORMULAS

A. The effective Hamiltonian for B — K*¢¢~
and B — K¢ ¢~ transitions in SM and 2HDM

By integrating out the heavy degrees of freedom con-
taining top quark, W* and Z bosons above scale
u = O(my), the governing effective Hamiltonian for B —
K*¢t¢~ and B — K,/*¢~ transitions, described by
b — s£t¢~, in SM is represented as [13,14]

7—(eff(b - s£+l’ﬂ_) =

tbv Z C (2)

where we have omitted the terms proportional to V,;, V7,
because of |V, Vi,/V;Vis| <0.02. The local operators
are introduced in [13,14]. Also, considering the same
division in 2HDM, the effective Hamiltonian of the
above-mentioned decays could be obtained as [15]

10
Y Coliin ®)
i=1

where the first part is related to the effective Hamiltonian in the SM such that the respective Wilson coefficients get
additional contributions because of charged Higgs diagrams. The second part involving new operators originates from
integrating out the effects of massive neutral Higgs bosons; these new operators as well as the corresponding Wilson
coefficients are given in [13,15]. Now, using the aforementioned effective Hamiltonian in 2HDM, the one-loop matrix
elements of b — s£1£~ can be given as

M = (s [Heg| D)
Gra
2V2x
_ 2Cefr
q

Vi Vi {63“3}’,4(1 —y5)blye + 6105}’”(1 — 15)bCr'yst

2 5i0,,q" (1 + y5)by"e — ZCeff p ~5i0,,q" (1 — ys)bey'e

+ Co,3(1 + y5)bt¢ + Cy,5(1 +y5)b2y5f}, (4)

where the Wilson coefflc1ents C%ff, Ceff Clo, CQI’ and CQ are calculated at the scale my,. For obtaining the effective
coefficients CT, Ceff and C 10 at the scale m,,, the values of coefficients C5, C9, and C 10 at the scale my, are needed. These
coefficients which get additional terms compared to those of in SM, by adding the contributions due to the charged
Higgs bosons’ exchange diagrams, are given in [13,15]. Also, the evolution of coefficients Cy, and C,, are taken into
account in [15].

It should be noted that the coefficient C§™ (4, ¢%) = Co(u) + Y (u. ¢*), where the function Y contains the short distance
contributions from the one-loop matrix elements of the four-quark operators, Y’ lDer((f), as well as the long distance effects
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associated with real ¢¢ in the intermediate states, Y1 (g?). Therefore, Y(g%) = Yyper(¢%) + Yip(g?). The function Y e, (¢?)

is given by

mC
Yoer(4?) = 9<—’S> (3C, + C; +3C5 + C4 + 3Cs + Cy)

my

1
—Eg(l,s)(4C3 + 4C4 + 3C5 + C6)

2

1
- 59(07 $)(C5 4 3Cy) + 9 (3C3 + C4 +3Cs + Cy), (5)

where the explicit expressions for the g functions can be
found in [13]. On the contrary, the long-distance contri-
butions Yp(z,§) cannot be calculated and are usually
parametrized in the form of a phenomenological Breit-
Wigner formula:

im%/i —q* —imy 'y’

where o« is the fine structure constant and
CO = (3C, +C, +3C;+ Cy +3Cs + Cg). The phe-
nomenological parameters k; for the B — K*'¢/t¢-
decay can be fixed from Br(B—J/wK*—K*'¢*¢~)=
Br(B—J/wK*)Br(J/w—¢*¢7). For the lowest resonan-
cesy andy’ wewilluse k = 1.65 and k = 2.36, respectively
[16]. Also, for the B — K,/T¢~ decay such param-
eters can be determined by Br(B — J/wK, — K,£1¢7) =
Br(B — J/wK,)Br(J/w — £7¢7). However, since the

|

(K* (P A)I57,(1 £ 75)bIB(Pr)) = —€10€ ) P-4

F i(pg + P )ulely-a) ———— F iq, "

, 2V (4%
mB + mK*

branching ratio of B — J/w K decay has not been measured
yet, we assume that the values of k; are of the order of 1.
Therefore, we use k; =1 and k, =1 in the following
numerical calculations.

B. Form factors for B — K*£* ¢~ transition
The exclusive B — K*#*#~ decay is described in terms

of the matrix elements of the quark operators in Eq. (4) over

meson states, which can be parametrized in terms of the

form factors. Obviously, the following matrix elements,
(K*|sr,(1—75)b|B),
<]_(*|§i0pwqy(] + yﬁ)b|B>7
(K*|s(1+75)b|B). (6)

are needed for the calculation of the B — K*#*¢~ decay.
These matrix elements are defined as follows:

. (A)* *
+ el (mp + my-)AK (¢?)

Aé‘* <q2) . 2my-

mp + my. (efy-0AY (@) = A (). (7)

(K*(pe W)[5ic,q* (1 £ 75)b|B(ps)) = 2606 P a°TE (¢7) £ ilef” (m} — m3) = (pp + (el -)ITE (47)

. q
+ilely-a)|au = P+ Pr )y ™

2

L | TE (@), (8)

where ¢ = pp — pg- is the momentum transfer and ¢ is the polarization vector of the K* meson. Also, we assume that
AX(¢> = 0) = Al (¢* = 0)and T{ (¢* = 0) = T% (¢* = 0). Now, contracting both sides of Eq. (7) with ¢* and using the
equation of motion, the matrix element (K*|5(1 & y5)b|B) is calculated as

(K*(pg=» A)|3(1 £ 75)b|B(pp)) = £(K*(pk+.4)|575b|B(pp)) =

1

P [F 2img-(e(;)-)AG ()], 9)

(K*(px+- 4)|sb|B(pg)) = 0. (10)
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In deriving Eq. (9) we have used the relationship
2my-AY (q7) = (mp + mg )AL (¢7)
= (mg —my-)AS (),
which follows from the equations of motion. For the form
factors we have used the light cone QCD sum rules results

[17] in which the g*> dependence of the form factors is
represented by

F(q*) =

F(0)
- (1)

1 - aF(qz/m%)

bF(qz/m%)z .

The values of parameters F(0), ap, and by for the
B — K*¢*¢~ decay are listed in Table L.

PHYSICAL REVIEW D 90, 075002 (2014)

TABLE I. B meson decay form factors in a three-parameter fit,
where the radiative corrections to the leading twist contribution
and SU(3) breaking effects are taken into account.

F F(O) arp bF

AB=K 0.34 £0.05 0.60 —0.023
Ag_’K* 0.28 £0.04 1.18 0.281
Ag_’K* 0.47 +0.07 1.55 0.680
yB-K 0.46 + 0.07 1.55 0.575
Th-K 0.38 £0.06 1.59 0.615
5=k 0.38 £0.06 0.49 —0.241
=K 0.26 £ 0.04 1.20 0.098

C. Form factors for B — K,£*¢~ transition

Similar to the exclusive B — K*¢*#~ decay, the B —
K,£*¢~ transition is explained by the expressions that
appear in Eq. (6), except K* is replaced by K ;. These matrix
elements could be parametrized as

*

_ _ - . 2 & P Ki(.2 €a) " P Ky 2 Ky, 2
<K1(PK17/1)|S}’;4(1 i?’s)b|B(PB)> = ilm Upe ()poKlA l(61 )+2m1<, qz ‘Iu[V3 (q )— Vo (‘I )}
Vy'(4?)
A)* | *
— |(mg + mg )& VE (@) = (ps + x,)u(ey ) ] (12)
= = K q
(K2 (i 050,001 % 75)01B ) = 42T (et R, = 1T )0y )00 = (i + 1)
1
. A)* *
— T8 (%) [(mF — m} el = (e7 @) (ps + Pl (13)
_ ) _ _ e 1 .
(R I5(1 % 75)81B(ps) = (Kl ANsblB(ps) =~ 2 eV @) (19
(K\(pk,»4)|575b|B(pg)) =0, (15)
with ¢ = pp — pk,, s = ir"'y*’, and "' = —1. Considering the equation of motion, the form factors satisfy the
following relations:
Vi'(0) = V5'(0),  Ty'(0) =T5'(0),
mp + mg, g mg— Mg, g
Vi) = 2Kyl -2 L), 16
) = v ) < ) (16)

Because the K;(1270) and K,(1400) are the mixing states of the K, and Kz, the B — K, form factors can be

parametrized as

((1‘( 1(1270)50,,,

(K1(1400)[56,,q" (1 + y5)b|B)

q“(1 irs)b|3>>

_ M<<K1A‘f7ﬂ<1 i?’s)b|l:3>> (17)
<K13|57;4(1 +y5)b|B)
M((?lAfauqu(lin)b|?>>, (18)
(K1p|56,," (1 £v5)b|B)
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with the mixing matrix M being given in Eq. (1). Then the form factors A1, Vgll,z’ and Tf,lzs satisfy the following
expressions:

AK1(127O>/(mB+mK 1270 v AKIA/ mB—FmKlA) (]9)
AK1(14OO)/(mB +my, 1400 AK“‘/ (mp + mKIB)
(1270)
<(m3 + Mg, (1270)) > M( my + mg, Vi > (20)
(mp + mg, (1a00) vy (1400 (mg + mx.,) Vi
1270
Vfl( ") (m + mg,(1270) \ vy (mg + my.,)
K, (1400 =M , .
Vzl( )/(mB+mK 1400 ]B/ mB+mK|B)
(1270) K
m V 1A
( [(1270)V . > _ M( Kia K13> (22)
m mKlBV
T1 (1270) B T{(IA 23
oy | = M ri | (23)
1
K,(1270) K
((m% - mil(mo))Tz > M < (mp —mi, )T, ) (24)
pu— KIB b
= ) 75090 )\ (=i 7
T§(1(1270) T§(IA
T;q(moo) Tg(”*

where we have assumed p’ K, (1270).K, (1400) = ph (o = ph K.s And the nonperturbative parameters ay and by can be fitted

[1] for simplicity. For the form factors we will use results
calculated with light cone sum rules (LCSRs) [18], which
are exhibited in Table II. In the whole kinematical region,
the dependence of each form factor on momentum transfer
q* is parametrized in the double-pole form:

F(0)
1 - aF(‘f/’"%) +

F(¢*) = Py (26)

GF Qem

M=
2\/57[

where

*U P

T,(,K'>'1 = AKX (8) e, 08 Peb%, —iBki(3)e;,
+iCK1 (8) (" pp) Py +iD* (3) (e Pp)Gy.  (28)
T2 = 51(8)ep06™ Py p%, —iFK (3)e;,
+iGX (8) (" pp) pu+iHX (8)(¢" - Pp)a,.  (29)

ViVymy - (=){T & 2yt + T2 2pryse + T

by the magnitudes of form factors corresponding to the
small momentum transfer calculated in the LCSRs
approach.

D. Formulas of observables for B — K,¢¢"

Using Eq. (4) and the definitions of form factors, the
decay amplitude for B - K;£*£~ can be written as
follows:

03¢ + TKDAgy e},

with § = ¢*/m%, p = p/mp, pp = pp/mp, §=q/mp,
my =mg/mg, My =mg/mg, and  p=pg+ pg,,
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TABLE II.

PHYSICAL REVIEW D 90, 075002 (2014)

Form factors for B — K4, K transitions obtained in the LCQSR calculation are fitted to the three-parameter form (26).

F F(0) a b F F(0) a b
vk 0.34 + 0.07 0.635 0.211 v K —0.297098 0.729 0.074
vk 0.41 +0.08 1.51 1.18 vyK —0.174098 0.919 0.855
vk 0.22 + 0.04 2.40 1.78 vk —0.457012 1.34 0.690
ABKis 0.45 £ 0.09 1.60 0.974 ABKis —0.371009 1.72 0.912
Tk 0.3170% 2.01 1.50 Tk —0.25+9:0¢ 1.59 0.790
755 0.3170% 0.629 0.387 TSk —0.25+9% 0.378 -0.755
e 0.2810:08 1.36 0.720 Tk —0.11 +0.02 -1.61 10.2
q = pp— Pk, = Ps+ + pr-- The auxiliary functions  vectors sii” in the rest frame of #*, where i =L, N,
AK1(8),...,HX1(3) are listed in the Appendix for  and T are related to the longitudinal, normal, and trans-
convenience. ) ) versal spin projections, respectively:
The dilepton invariant mass spectrum of the lepton pair
for the B — K¢~ decay in the rest frame of the B meson Do
is given by s =(0.¢z) = (0. b,
pr|
dU'(B — K\¢*¢™)  Gragumy ) ) - _ (0.2 = (0 Pk, X Dr-
’r 12,55 V. VaEIPoVAA(R),  (32) sy = (0,¢ey) e, X e
2 e o e . s7' = (0.€7) = (0.5 x €7).
where v=/1—4m3 /3, A=1+7% +38° =28 =27 (1+3) 3
- 78
and the definition of A(3) is presented in the Appendix. st =(0.¢)) = <0, T),
The unpolarized and normalized differential forward- . .
backward asymmetry of the B — K;/"¢~ decay is Oy 3y Pk, X Pet
SN = (0, €N) = 0, — =
defined by Pk, X Pt
1d°r _ fo 4T S;ﬂ = (0, T) (0, ey x e{) (35)
0 didz — J-1dsdz

App = (33)

1 d*r 0 d*r’
0 dsdz + f—l dsdz

where 7z = cos @ and @ is the angle between B meson and
¢~ in the center of mass frame of leptons.

Using the definition mentioned above, the result can be
written as follows:

21)\/_

I"K]A { (
+mRe[B(Z) + T 1) ](=1 + Fg, +5)
+ mRe[C(Z, + T,)*|A}.

AFB( )

e[AF*] 4 Re[BE )7k, &

(34)

At the end of this section, we place our attention on
obtaining the normalized differential forward-backward
asymmetries associated with the polarized leptons. For

where p,+ and py, are the three-momenta of the leptons 7
and K; meson in the center of mass frame (CM) of
the Z=¢7" system, respectively. Using the Lorentz boost,
the transformation of unit vectors from the rest frame of the
leptons to the CM frame of leptons yields

(7)o = <f7ﬁ| E;py+ )
LM me ’mf|l_5ﬁ|
(s3#

SN oM = (Slq\;”)RF’

(s7")em = (57" )rps (36)
where RF refers to the rest frame of the corresponding
lepton as well as p,+ = —p,- and E, and m, are the energy
and mass of leptons in the CM frame, respectively.

The definition of the polarized and normalized differ-
ential forward-backward asymmetry is

this purpose, we define the following orthogonal unit

- () [ [ [l

[T =—i5t =]) PTG =-i5 =)
dsdz dsdz '

:;7§+=}> _:?’§+:_})_AFB(§_

=05 =—))
dsdz

=) dT(5.5

= Apg (s~ — App(s =—i,5" = }) + App (5™ = ~i,5" = —})’ (37)
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75 18 calculated in the CM frame. Using these definitions for the double polarized FB asymmetries, we get the

-2
ALL = 5 U\/—{ —2(Re[AF*] + Re[BE )ik, § + mRe[B(Z) + T )" |(=1 4 g, +3)
=+ mfRe[ (Z)+ T41)" A, (38)
LN 4vd N % N « N A - « N A
Afg = ——=—Im[m,A(CG*) + i, (CF*)(=1 4 g, +§) + 7 (BG") (=1 + 7, +3)
3rKl\/EA
+ g (BF*) — i 87k, (AE¥)]. (39)
ANE = ALY (40)
4 - 2 - % N a - 2 A an 2
Aff = ————— M C|* + 2im,Re[BC*](—1 + Fi, +8) + g | BI” — i 87k |A]7], (41)
3rK1 \/EA
ALL = ALT. (42)
NT 2V A2 + . ) " A0 (12 N N "
A = s Im[-2/m7A(CG*) (1 = 7k, ) + 2z A(CF*) + 2iny(BG ) (1 — g, ) (1 = 7g, = 3)
— 22 (BF*)(1 = by, —§) = 20234(CH*) + 223(BH*) (1 — g, — §)
+ n%,;S‘(BIS)(l - 3?’1(] — fv) + rhfﬁ(Bjj)(l — ?‘Kl - 3) — ﬁlfﬁ/l(CIZ) - n%,;S%(CJ;)], (43)
Ay = -Ag, (44)
NN __ 2U\/_ * * * * A A
AN = A Re[m AC(T5 + T3) + mB(T; + T)(—1 + g, +3)]. (45)
Affy = AN (46)

E. Formulas of observables for B —» K*#1t¢-

Assuming m; = 0 in the definitions of the form factors
for B —» K,/"¢~ and B — K_*f*f‘, we could derive the
similar expressions for B — K*#7#~ decay, such that all
|

I
the above equations remain unchanged except the
definitions of the auxiliary functions [Egs. (Al)-(Al11)].
These definitions generally change by the following
replacements:

—iAK S VK vR Ak v Ak (v - vEy S Ak - AK),
vi =ik, rh sk, b sk i s Tk (47)
I1I. NUMERICAL RESULTS AND DISCUSSION fi:;; Vi 4 A28 ds
(Ayj) =—F (48)

In this section we shall calculate the SM predictions and
the sensitivities to the new physics due to model III of
2HDM for the polarized and unpolarized forward-backward
asymmetries and their averages for B—K ¢~ and B—
K*¢+¢~ decays. At the end, we compare the results of
different decay modes to each other. The corresponding
averages are defined by the following formula:

A=) g e
f4m§ % a8

where the subscript M stands for K; and K* mesons. The full
kinematical interval of the dilepton invariant mass ¢°

4m? < q* < (mp —my;)? for which the long distance
effects (the charmonium resonances) can give significant
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TABLE III
particles.

List of the values for the masses of the Higgs

my+ (GeV) myo (GeV) myp (GeV) myp (GeV)

Mass set-1 200 125 125 160
Mass set-2 160 125 125 160
Mass set-3 200 125 125 125
Mass set-4 160 125 125 125

contribution by including the first and the second
resonances J/w and ', in the interval of 8 GeV? <
g* < 14 GeV?2. In order to reduce the hadronic uncertainties
we divide the kinematical region of ¢? for the muon as

14m2 < ¢* < (my, —0.02 GeV)?,
11 (my, +0.02 GeV)? < ¢* < (m,, — 0.02 GeV)?,
I (m,, +0.02 GeV)? < ¢* < (mg — my)?,

mass set-1
0.4 ;

0.3f

0.2f

+4
A (B K, (1270)u*p7)

— — —CaseA

——CaseB
x  CaseC

SM

5 10 15 20
¢*(GeV)

mass set—1
0.4 :

0.3f

0.2F

0.1f

,+_
Ag (B K pu'u™)

=== CaseA
——CaseB
x  CaseC

5 10 15 20
¢*(GeV)

,+_
Ag (B K pu'u™)

PHYSICAL REVIEW D 90, 075002 (2014)

and for tau as

| 4m§ << (mw’ —0.02 GeV)?,
Il (m,, +0.02 GeV)? < ¢* < (mp — my)*.

Since in model III of 2HDM, 4,, and 4., can be complex
parameters, we can rewrite the following product as

Aithpy = Mll’lbb | e, (49)

where |4,,|, |4,|, and the phase angle 6 are restricted by the
experimental results of the electric dipole moments of the
neutron (NEDM), B® — B mixing, py, R, and Br(b — sy)
[10,12,19,20]. The experimental limits on NEDM and
Br(b — sy), plus My+ which is obtained at LEPII, put
constraints on 4,4, to be nearly 1 and the phase angle @ to
be in the interval 60°-90°. The experimental value of x,
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x  CaseC
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-0.5 - - -
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FIG. 1. The dependence of the Apg polarization on ¢* and the three typical cases of 2HDM, i.e., cases A, B, and C, and SM for the u
channel of B — K; and B — K* transitions for the two typical mass sets 1 and 2.
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parameter, relating to B® — B® mixing, imposes the follow-
ing restriction on |1, which is |4,| £0.3. Also, the

parameter R;, which is defined as R, = %,

|45 approximately fixed, |4,,| = 50. Using these restric-
tions and taking € = z/2, we consider the following
three typical parameter cases throughout the numerical
analysis:

keeps

At |2, =003 |4 = 100,
B: |/1tt| = 015, |/1bb| = 50,
C: Pl =03;  |2] = 30. (50)

The other main input parameters are the form factors
which are listed in Tables IV-XI. Also the magnitude of the
mixing angle O, was estimated to be |0 | ~ 34°v57° in
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Ref. [21], 35° < |0k, | < 55° in Ref. [22], |0k, | = 37°Vv58°
inRef. [23],and Oy, = —(34 = 13)”in [1,24]. In this study,
we use the results of Refs. [1,24] for numerical calcula-
tions, where we take 0, = —34°. In addition, in our
numerical analysis we have used four sets of masses of
Higgs bosons which are displayed in Table III.

We have presented our analysis for the dependency of
A;;’s and their averages on the parameters of model III of
2HDM in a series of Figures 1-11 and Tables IV-XI,
respectively. In addition, in the aforementioned tables the
theoretical and experimental uncertainties due to the SM
averages of polarized and unpolarized forward-backward
asymmetries in B — K¢~ and B — K*£*¢~ decays are
considered. It should also be mentioned finally that the
theoretical uncertainties come from the hadronic uncer-
tainties related to the form factors and the experimental
uncertainties originate from the mass of quarks and hadrons
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FIG. 2. The dependence of the ALY polarization on g and the three typical cases of 2HDM, i.e., cases A, B, and C, and SM for the
channel of B — K; and B — K* transitions for the two typical mass sets 1 and 2.
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FIG. 3.

channel of the B - K | transition for the mass sets 1, 2, 3, and 4.

and Wolfenstein parameters. In the following analyses we
have just talked about the asymmetries whose estimations

are larger than 0.005 in 2HDM.

() Analysis of Apg and ALL asymmetries for B —

Kyputu~ and B — K*utpu~ decays: It is obvious
from Tables IV and V that the predictions of both
mass sets 1 and 3 and both mass sets 2 and 4 are
separately the same for the unpolarized forward-
backward asymmetry, Apg, of B — K,u"pu~ decay.
Based on this, in Fig. 1 we have only presented the
plots related to the mass sets 1 and 2. Also it is
understood from the above discussion that the
unpolarized Apg for the mentioned decay shows
an ignorable sensitivity to the change of mass of H°.
In addition it is evident from these tables that the
predictions of cases B and C have not lain on the SM
interval such that the maximum deviation from the
SM prediction is —63%SM, which arises in case C.

(i)

075002-10

The dependence of the Agg polarization on q2 and the three typical cases of 2HDM, i.e., cases A, B, and C, and SM for the =

Moreover, these tables show that the values of ALL
and the quality of their variations in SM and 2HDM
are similar to those of Apg. Considering this sim-
ilarity, the plots related to A“> have not been shown.
Besides it is obvious from Fig. 1 and Tables VI
and VII that the predictions of Apg and AL for B —
K*u*u~ are to a large extent the same as those of
B — K,u*u~ decay. Therefore, experimental study
of this observable for the y channel of B — K, and
B — K* transitions can be useful in looking for new
Higgs bosons.

Analysis of ALl asymmetries for B — K u*u~ and
B — K*utu~ decays: Using Tables IV and V, it is
apparent for the AL” asymmetry of B — K\u*pu~
decay that the expectation values of both mass sets 1
and 3 and both mass sets 2 and 4 are independently
the same. Based on this, in Fig. 2 we have only
presented the plots corresponding to mass sets 1 and
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2. Also it is understood from the above discussion
that this asymmetry is insensitive to the variation of
mass of H° for the mentioned decay. Furthermore, it
is found out from the relevant tables that the
anticipations of all mass sets and cases except for
case A of mass sets 1 and 3 have extended in the
range of the SM prediction. The maximum deviation
relative to the SM prediction happens in case C
which is closely —7 times of the SM prediction. In
addition, the two Higgs doublet scenario may flip
the sign of ALT compared to the SM expectation.
Moreover, it is clear from Fig. 2 and Tables VI and
VII that the predictions of AT for B — K*u*yu~
look extremely similar to those of B — K\u*yu~
decay, except that case A of mass sets 1 and 3 has not
lain on the SM range. Therefore, it seems that the
measurements of the sign and the magnitude of ALT
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FIG. 4. The dependence of the Arg polarization on q2 and the three typical cases of 2HDM, i.e., cases A, B, and C, and SM for the =
channel of the B — K* transition for mass sets 1, 2, 3, and 4.

for both mentioned decays could provide an appro-
priate way to discover new Higgs bosons.

(iii) Analysis of Apg and ALy asymmetries  for

B — Kttt and B — K*t"1~ decays: For the
unpolarized forward-backward asymmetry, Agg,
the values of Tables VIII and IX indicate that only
for cases B and C the predictions of mass set 1
resemble those of mass set 3 and likewise the
predictions of mass set 2 resemble those of mass
set 4. For case A, this claim is not valid anymore and
the predictions of different mass sets are different
from each other, such that a comparison between
mass sets 1 and 3 and a comparison between mass
sets 2 and 4 express that case A shows sensitivity to
the change of mass of H°. For example, having
decreased the mass of HY, the divination from the
SM has been increased. Based on this, in Fig. 3 we



F. FALAHATI AND A. ZAHEDIDRESHOURI

PHYSICAL REVIEW D 90, 075002 (2014)

mass set-1 mass set-2
0.4 T T
0.3f N
N N
e e
+ +
[ e
o S
~ ~
o &
X X
m m
Jv Jv |
JE — — —CaseA JE — — —CaseA
< 02 \ —— CaseB| | < 02 ] — —-CaseB| |
M X CaseC “\ X CaseC
i SM | SM
—0.3F I -0.3 \
0.4 . . . . . . . 04 . . . . . . .
12.5 13 13.5 14 145 15 15.5 16 16.5 12.5 13 13.5 14 14.5 15 15.5 16 16.5
o?(GeV) A(GeV)
mass set-3 mass set-4
T 0.4 T
N N
e e
+ +
[ e
o S
~ ~
o &
X X
m m
=) =)
o — — —CaseA “m
TS .
< -0.2 | — — CaseB| | <
o x  CaseC
i SM
-0.3r il
Il
[l
0.4 . . . . . . . 04 . . . . . . .
125 13 13.5 14 145 15 15.5 16 16.5 12.5 13 13.5 14 14.5 15 15.5 16 16.5
q*(GeV) o?(GeV)

FIG. 5. The dependence of the Af;{g polarization on q2 and the three typical cases of 2HDM, i.e., cases A, B and C, and SM for the =

channel of the B - K | transition for the mass sets 1, 2, 3, and 4.

have presented the plots corresponding to whole
mass sets. It is also found out through the above-
mentioned tables that while there exist the expect-
ations of cases B and C for all the mass sets in the
SM interval, the predictions of case A for mass sets
1, 3, and 4 do not exist in the SM range. These
predictions are smaller than the low limit of the SM
anticipation; the maximum possible reduction is
—100% of the SM value. Generally it is seen from
Tables VIII and IX and Figs. 3 and 5 whereas both
asymmetries Apg and AL overlap each other to a
large extent in the SM and in cases B and C, they
differ from each other in case A. It is also found out
from the mentioned tables that the predictions of
ALL in case A for mass sets 1, 3, and 4 are larger than
the upper limit of the SM anticipation; the maximum
possible enhancement is almost 2 times that of the
SM amount. Also, it is evident from Tables X and XI

075002-12

that there are similar explanations to the above
expressions for the Apg as well as ALY asymmetries
of the 7 channel of the B — K* transition. With
regard to this point in Fig. 4 we have presented the
plots corresponding to all mass sets. It is also
understood from the corresponding tables that the
same as before, the predictions of Agg in case A for
mass sets 1, 3, and 4 are smaller than the lower limit
of the SM anticipation such that the maximum
possible decrease is —140% of the SM value. In
spite of this similarity, a comparison between the
tabular data related to B — K* and B — K, tran-
sitions indicates that while a sign change could
happen for the Apg of B — K*z77~ decay, it does
not occur for B — K,777~ decay. This asymmetry
could only come down next to zero in the latter
decay. Furthermore it is found out from the relevant
tables that the same as before, the predictions of ALX
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channel of the B — K* transition for the mass sets 1, 2, 3, and 4.

(iv)

in case A for mass sets 1, 3, and 4 are larger than the
upper limit of the SM anticipation such that the
maximum possible enhancement is nearly 2 times
that of the SM amount. Also, any sign change is not
observed for ALL. Therefore, our results show that
the sign and magnitude of Apg and AL, for the 7
channel of B — K, and B — K* transitions, could
give testable evidence in establishing new Higgs
bosons indirectly.

Analysis of ANY asymmetries for B — K t"7~ and
B — K*t*7~ decays: It is revealed from formula
(45) and Tables VIII and IX for B — K "7~ decay
that whereas the SM anticipation for AM is exactly
zero, the order of data in cases B and C for all mass
sets is of the order of 10~ and in case A varies from
the order of 1072 to 10! for various mass sets. The
largest deviation from the SM value is seen in case A
of mass set 3, in which the smallest mass of H® and

075002-13

the biggest mass of H* are considered. It is also
obvious from the corresponding tables that the
predictions of case A do not lie on the SM expect-
ation. Since there exist some large discrepancies
between the predictions of different mass sets in case
A, we have presented the related entire plots in
Fig. 7. Moreover it is found out from Tables X and
XI that there are similar findings regarding the latter
decay and the former decay. In this regard the
relevant plots are given in Fig. 8. The mere exception
is that while the orders of cases A and C remain
unchanged compared to those of the former decay,
the order of case B changes such that this order
becomes between 10~ and 1072. Therefore, study
of this observable in the experiments, for the 7
channel of B — K, and B — K* transitions, can
give promising information about the existence of
new Higgs bosons.
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FIG. 7. The dependence of the Agév polarization on q2 and the three typical cases of 2HDM, i.e., cases A, B and C, and SM for the =
channel of the B - K | transition for the mass sets 1, 2, 3, and 4.

(v) Analysis of ALY asymmetries for B — K t"t~ and

B — K*t*1~ decays: From Tables VIII and IX, it
becomes apparent that the predictions of AXY in the
SM and 2HDM for the 7 channel of B — K,
transition are insignificant. So, they have been
canceled from our discussion. In contrast, it is seen
from Tables X and XI that except for the prediction
of case A for mass sets 1 and 3, all the other
predictions have not been placed in the SM range.
Also, it is understood from the corresponding tables
that while the predictions of cases B and C for all
mass sets are identical and of the order of 1073, those
of case A are different in various mass sets and their
order varies from 1073 to 1072. Therefore, inves-
tigation of this asymmetry in the experiments, for the
latter decay, can provide a useful tool in establishing
the presence of new Higgs bosons. The related
diagrams are shown in Fig. 9.

(vi) Analysis of ALL asymmetries for B — K,t"1~ and

B — K*t"1~ decays: Using Tables VIII and IX as
well as X and XI, it is apparent for the ALT
asymmetry of each decay that the expectation values
of mass set 1 look like those of mass set 3 and the
expectation amounts of mass set 2 look like those of
mass set 4. Moreover, these tabular data show that the
anticipations of 2HDM for each of mass sets and
cases are situated in the SM interval. The relevant
diagrams are also drawn in Fig. 10. Based on the
above discussion, the measurement of this asymmetry
could not have any signs for finding new Higgs
bosons.

(vii) Analysis of AN asymmetries for B — K777~
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and B — K*t*t~ decays: It is evident through
Tables VIII and IX that for the former decay the
predictions of mass set 1 resemble those of mass set
3 and likewise the predictions of mass set 2 resemble
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those of mass set 4. It is also revealed from the tables
that the predictions of each of mass sets have not lain
on the SM range. The maximum deviation from the
SM prediction takes place in case C of mass sets 2
and 4 which is —3 times the SM prediction. In
addition, while the anticipation of SM is entirely
negative in its allowed region, those of 2HDM are
completely positive in whole mass sets. It is also
obvious from Tables X and XI that there are the
same conditions regarding the latter decay. So, the
measurements of the sign and magnitude of AN for
the latter and the former decays can serve as good
tests for discovering new Higgs bosons. The corre-
sponding diagrams are depicted in Fig. 11.
Finally, let us discuss briefly whether the lepton polariza-
tion asymmetries are measurable in experiments or not.
Experimentally, for measuring an asymmetry (A; j> of the
decay with branching ratio B at no level, the required

number of events (i.e., the number of BB) is given by the
formula

nZ

N Bsysy(A;j)*

where s; and s, are the efficiencies of the leptons. The
values of the efficiencies of the 7 leptons differ from 50% to
90% for their various decay modes [25] and the error in z-
lepton polarization is approximately 10%—15% [26]. So,
the error in measurements of the z-lepton asymmetries is
estimated to be about 20%—-30%, and the error in obtaining
the number of events is about 50%.

Based on the above expression for N, in order to detect
the polarized and unpolarized forward-backward asymme-
tries in the g and 7z channels at 3¢ level, the minimum
number of required events are given by (the efficiency of
the 7 lepton is considered to be 0.5)
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channel of B — K; and B — K™ transitions for the two typical mass sets 1 and 2.

(i) for B — K,;u"pu~ decay

103 for (Agg),
103 for (ALL),
. 10'" (for (ANNY), (ATTY),
10" (for (AENY, (ANEY)
FB /> FB//»
108 (for (ALE). (ALE)).
102 (for (ANI), (AINY),

(ii) for B — K*u*yu~ decay

103 for (Agg),

108 for (AEL),
Lo o . am),
1012 (for (ALY), (AMLY)
¥B /> (AFB7));
107 (for (Afg). (Afg)).
1072 (for (Afg). (Afz)).
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TABLE IV. The averaged unpolarized and polarized forward-backward asymmetries for B — K;(1270)u*u~ in SM and 2HDM for
the mass sets 1 and 2 of Higgs bosons and the three cases A (6 = 7/2, |4, = 0.03, and |4,,| = 100), B (8 = =/2, |4,| = 0.15, and
[4pp] = 50), and C (@ = =/2, |1,] = 0.3, and |4,,| = 30). The errors shown for each asymmetry are due to the theoretical and
experimental uncertainties. The first ones are related to the theoretical uncertainties and the second ones are due to experimental
uncertainties. The theoretical uncertainties come from the hadronic uncertainties related to the form factors and the experimental
uncertainties originate from the mass of quarks and hadrons and Wolfenstein parameters.

Case A Case B Case C Case A Case B Case C

SM (Set 1) (Set 1) (Set 1) (Set 2) (Set 2) (Set 2)

(Ags) +0.1961 07110002 +0.170 +0.104 +0.087 +0.164 +0.088 +0.071
(AL +0.1961 07110002 +0.173 +0.104 +0.087 +0.165 +0.088 +0.071
(ANYY £0.000 S0 ae -0.002 —0.000 -0.000 -0.001 —0.000 —0.000
(ALN) +0.0007 o0 oe0 +0.002 +0.002 +0.002 +0.002 +0.002 +0.002
(Afs) —0.011+0017-0.002 +0.007 +0.056 +0.069 +0.013 +0.068 +0.080
(AFE) —0.00073,990-0.000 +0.001 +0.001 +0.001 +0.001 +0.001 +0.001

TABLE V. The same as Table IV but for the mass sets 3 and 4 of Higgs bosons.

Case A Case B Case C Case A Case B Case C

SM (Set 3) (Set 3) (Set 3) (Set 4) (Set 4) (Set 4)

(Ags) +0.1961 0710002 +0.166 +0.104 +0.087 +0.161 +0.088 +0.071
(AFg) +0.196+0.07110.002 +0.172 +0.104 +0.087 +0.165 +0.088 +0.071
(ANN) £0.0007 0010080 -0.003 -0.000 —0.000 -0.002 -0.000 -0.000
(ARY) +0.000 9001500 +0.002 +0.002 +0.002 +0.002 +0.002 +0.002
(As) —0.011+0917+0.002 +0.007 +0.056 +0.069 +0.013 +0.068 +0.080
(AND) —0.000 55019000 +0.001 +0.001 +0.001 +0.001 +0.001 +0.001

TABLE VI. The same as Table IV but for the B — K*utu~.

Case A Case B Case C Case A Case B Case C

SM (Set 1) (Set 1) (Set 1) (Set 2) (Set 2) (Set 2)

(Agg) +0.19250 03510012 +0.165 +0.102 +0.084 +0.160 +0.086 +0.069
(AK) +0.1927 305510012 +0.169 +0.102 +0.084 +0.162 +0.086 +0.069
(ARS) -£0.0009,090+0.000 ~0.002 ~0.000 -0.000 -0.001 ~0.000 ~0.000
(ARY) +0.001-3:000+90.500 +0.002 +0.002 +0.002 +0.002 +0.002 +0.002
(AKD) —0.0111001319003 +0.007 +0.055 +0.067 +0.013 +0.066 +0.078
(Afg) —0.0007 05007960 +0.001 +0.001 +0.001 +0.001 +0.001 +0.001

TABLE VII. The same as Table VI except for the mass sets 3 and 4 of Higgs bosons.

Case A Case B Case C Case A Case B Case C

SM (Set 3) (Set 3) (Set 3) (Set 4) (Set 4) (Set 4)

(Agg) +0.1927 095540012 +0.161 +0.101 +0.084 +0.157 +0.086 +0.069
(AK) +0.1927 305510012 +0.168 +0.102 +0.084 +0.161 +0.086 +0.069
(AFS) -£0.000+0,90+0.000 ~0.004 ~0.000 ~0.000 ~0.002 ~0.000 ~0.000
(ARY) +0.001£3:000+0.000 +0.002 +0.002 +0.002 +0.002 +0.002 +0.002
(ARg) —0.011+13+0:%03 +0.008 +0.055 +0.067 +0.013 +0.066 +0.078
(Afg) —0.0007 3 5007960 +0.001 +0.001 +0.001 +0.001 +0.001 +0.001
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TABLE VIII. The same as Table IV except for B — K tt7".

Case A Case B Case C Case A Case B Case C

SM (Set 1) (Set 1) (Set 1) (Set 2) (Set 2) (Set 2)

(Agg) +0.1201 55210017 +0.061 +0.104 +0.099 +0.088 +0.098 +0.091
(AKE) +0.1201 0953210017 +0.182 +0.109 +0.100 +0.156 +0.101 +0.091
(ARNY 40.0007 39001 9.500 -0.061 -0.002 —0.000 —0.034 —0.001 —0.000
(ALY +0.001 0500000 +0.002 +0.003 +0.003 +0.002 +0.003 +0.003
(Akg) —0.03610:023+0.006 —0.035 —0.021 —0.014 —0.034 -0.015 —0.008
(Afg) —0.013+0.005+0.001 +0.004 +0.028 +0.034 +0.007 +0.033 +0.038

TABLE IX. The same as Table VIII but for the mass sets 3 and 4 of Higgs bosons.

Case A Case B Case C Case A Case B Case C

SM (Set 3) (Set 3) (Set 3) (Set 4) (Set 4) (Set 4)

(Ags) +0.1201 51001 +0.005 +0.103 +0.100 +0.045 +0.097 +0.090
(Ap) ++0.1200.039+0017 +0.229 +0.111 +0.101 +0.195 +0.102 +0.091
(ANN) £0.0002 560000 -0.112 -0.004 -0.001 -0.075 -0.003 -0.001
(ARY) +0.001 15903190500 +0.002 +0.003 +0.003 +0.002 +0.003 +0.003
vy —0.036 092310006 -0.034 -0.021 -0.014 -0.034 -0.015 -0.008
(ART) —0.0137 59034001 +0.004 +0.028 +0.034 +0.007 +0.033 +0.038

TABLE X. The same as Table VI except for B — K*z7".

Case A Case B Case C Case A Case B Case C

SM (Set 1) (Set 1) (Set 1) (Set 2) (Set 2) (Set 2)

(Agg) +0.177539314008 +0.027 +0.150 +0.142 +0.100 +0.142 +0.130
(AR +0.177 311008 +0.308 +0.160 +0.145 +0.267 +0.147 +0.131
(AR £0.0007 90019500 -0.141 -0.005 -0.001 -0.085 -0.003 -0.001
(ARY) +0.0023:002+0.01 +0.005 +0.010 +0.011 +0.010 +0.011 +0.011
(Afs) —0.0507393240:014 ~0.050 -0.021 —0.010 —0.047 -0.011 +0.003
(Afg) —0.0281 05w +0.005 +0.052 +0.062 +0.011 +0.061 +0.070

TABLE XI. The same as Table X but for the mass sets 3 and 4 of Higgs bosons.

Case A Case B Case C Case A Case B Case C

SM (Set 3) (Set 3) (Set 3) (Set 4) (Set 4) (Set 4)

(Agg) +0.177539314008 -0.077 +0.145 +0.141 -0.008 +0.138 +0.129
(AR +0.177 5311008 +0.330 +0.165 +0.146 +0.320 +0.150 +0.132
(AR £0.000" 90019900 -0.204 -0.010 -0.002 -0.164 —0.006 —0.001
(ARY) +0.002 3905+ 0.401 +0.004 +0.010 +0.011 +0.006 +0.011 +0.011
(Afs) —0.05079 93240014 ~0.034 -0.021 —0.010 ~0.041 -0.011 +0.003
(Afg) —0.028+0:004+0.002 +0.004 +0.052 +0.062 +0.010 +0.061 +0.070
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(iii) for B — K 777~ decay

1010 for <AFB>’
1010 for (ALL),
101 (for (A). (AT]).
N~ 1083 (for (ALNY (ANL
(for (Agg ). (AFg)),
10" (for (Afg), (Afg)),
10" (for (ARg), (AfY)),
(iv) for B — K*r*7~ decay
109 for <AFB>’
10°  for (AEL),
Lo o . ).
") 102 (for (ALNY. (ANL
(for (Agg). (AFg))-
1010 (for (Afg), (Afg)),
1010 (for (Apg), (ARR))

IV. SUMMARY

To sum up, in this paper by considering the theoretical and
experimental uncertainties in the SM we have presented a
comprehensive analysis of the polarized and unpolarized
forward-backward asymmetries for B — K,;#*#~ and B —
K*¢* ¢~ decays using model IIl of 2HDM. At the same time
we have compared the results of both decay modes to each
other. Also, the minimum required number of events for
detecting each asymmetry has been taken into account and
compared with the number produced at the LHC experi-
ments, including ATLAS, CMS, and LHCb (~10'? per year)
or expected to be produced at the Super-LHC experiments
(supposed to be ~10'3 per year). In conclusion, the follow-
ing results have been obtained:

(1) In the p channel, no sensitivity has been observed to
the nature of produced mesons. Having the vector
property or axial-vector property of products does
not have any effect on the SM and 2ZHDM predic-
tions. Since the influences of 2HDM merely on the
quantities Agg, AL, and ALT could be large and the
minimum required number of BB pairs for the
measurement of those asymmetries at the LHC is
smaller than 102, experimental studies of all men-
tioned asymmetries can be suitable for searching in

PHYSICAL REVIEW D 90, 075002 (2014)

(i1) In the 7z channel, while the vector property or the
axial-vector property of products could have some
effects on the SM and 2HDM predictions, there is
the probability that these characteristics do not
impose any influence on the deviations from the
SM predictions. For instance, the predictions of AL,
ALT "and AN for all cases and the predictions of Agg
for cases B and C, as well as the predictions of ANV
for cases A and C, are invariant under the exchange
of the axial-vector meson to the vector meson and
vice versa. In contrast, the predictions of AXY for all
cases and the predictions of Agg only for case A, as
well as the predictions of ANN only for case B, are
different under the transformation of the axial-vector
meson to the vector meson and vice versa. On the
other hand, except for the anticipations of ALV for
the B — K| transition and the predictions of AXT for
both transitions B — K, and B — K*, which are
completely in the SM intervals, the upper limit, the
lower limit, or both of them in the other asymmetries
are not in the range of the SM predictions. Also,
according to the calculated minimum required num-
ber of BB pairs for detecting each asymmetry at the
LHC, all asymmetries of both transitions except ALY
for the B — K, transition are measurable at the
LHC. The AN asymmetry of B — K;777™ is
detectable at the SLHC. Therefore, based on the
above discussion, experimental studies of all of these
asymmetries except ALY for B — K, and AT for
B — K, and B — K* can be invaluable for explor-
ing model III of 2HDM.

Finally, it is worthwhile to mention that although the
muon polarization is measured for stationary muons, such
experiments are very hard to perform in the near future. The
tau polarization can be studied by investigating the decay
products of tau. The measurement of tau polarization in this
respect is easier than the polarization of the muon.
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APPENDIX
AR (3), .., HE Y (3)  are

The auxiliary functions

model III of 2HDM. defined as
2 A, —
AFI() = — 2 egi(s)aki(5) 4 2P =) e ) (A1)
1 rKl S
n N R R 2(my, + My " .
BXi(3) = (1 + 1/”1([) [cgff(s)Vf'(s) —1—% (1 - rKl)c%fng' (s)}, (A2)
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esi@) =5 |(1- /e eff<>v§'<>+2<mb+m>ceff( @+Ere)| @)

=
D3) = [ 6] (14 /7, )V = (1= ) VO =2 V) } =20 4 )T G)] . (a0
£4(5) = T oA @), (A3)

FR($) = (1 + \/@cmvl'(sx (A6)

G4 (5) = Y2 ) (A7)

) =t (1o )VEO = (1=, VB G =2 V9, (A8)

206) = =S ey (14 o, JVEG). (49)

70 =S e {- (1= /o )VE @ + 2y frclvE 6 - vE @1}, (A10)

I3'(3) =T (8)(Co, = Cg,).  J5'(8) = J1'(8)(Cq, = Co,). (A1)

with 7x = mg /mg. The A(§) function is obtained as

8Re[]—'H*]n%§/1 8Re[GH iz (=1 + F, )4  4[H[mZ3A ICI?A(3 4 37%, — 68 4 387 — 67, (1 + §) — v°2)

A(3) = n -
rKl rKl rK] 3rK1
B |Q|2/1(3 + 3?%(1 + 12ﬁ1§(2 + 2rKl —8)—65+ 352 — 6?,(l (1+3%) - Uz/l)
37k,
|.7-"| (=3 = 37%, + 6F, (1 + 16/ — 38) 4 63 — 357 + v22)
3?’,(]
|B| (-3 +6rK](1—8mf—3s)+65—3s +v%2)
37"[(1

A A
~ 3 MR @2+ 8)+ e (4@%& - % (3 4 37%, — 68 + 357 — 67, (1 +35) + M))

o WOEZAEE PO D) | LT 2) |36 AT | T
;‘K] ?Kl rKl ?K] ?Kl ;'K] ;'K]
+4Re[Hj2]rh /8 4Re[.7:1'§]ﬁ1 S 4Re[fj2]rh § 4Re[gI§]ﬁ1,,ﬂ(?K1 -1) _4Re[gj§}ﬁ1f(f’1<l - l)}

rKl Tk, rK] Tk, Tk,

2Re[BC*|(=1 + Fg, + 38)(3 + 37k, — 68 + 38% — 67, (1 +5) — v%4)
37,
N 2Re[FG|(12m34 — (=1 4 Pg, + §)(3 4 37%, — 68 4 387 — 674 (1 +8) — v?2)) ‘

Al12
37y, (A12)
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