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Abstract In this paper we shall focus on the effects of
concrete models such as the SM and 2HDM of type III on
the polarized and unpolarized forward—backward asymme-
tries of B — K,(1430)¢t¢~ and B — K£'¢~ decays.
The obtained results of these decay modes are compared to
each other. Also, we obtain the minimum required number
of events for detecting each asymmetry and compare it with
the number of produced BB pairs at the LHC or supposed to
be produced at the Super-LHC. At the end, we conclude that
the study of these asymmetries for B — K (1430)¢7¢~ and
B — K{1¢~ processes are very effective tools for establish-
ing new physics in the future B-physics experiments.

1 Introduction

The flavor-changing neutral current (FCNC) processes
induced by b — s€t¢~ (¢ = e, u, T) transitions provide
an important good testing ground for the Standard Model
(SM) at loop level, since they are forbidden in the SM at tree
level [1,2]. Therefore these decays are very sensitive to the
physics beyond the SM via the influence of new particles in
the loops.

Although the branching ratios of FCNC decays are small
in the SM, interesting results are yielded in developing exper-
iments. The inclusive b — X €1~ decay is observed by
the BaBaR [3] and Belle [4] collaborations. These collabo-
rations also measured exclusive modes B — K{£T¢~ [5-8]
and B — K*{1¢~ [8]. These experimental results have high
agreement with theoretical predictions [9-17].

There exists another group of rare decays induced by
b — s transition, such as B — Ki“(1430)£+£_ and
B — K}(1430)¢"¢~ in which the B-meson decays into
a tensor or scalar meson, respectively. These decays are thor-
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oughly investigated in the SM in [18,19] and the related tran-
sition form factors are formulated within the framework of
light front quark model [19-21] and QCD sum rules method
[22,23], respectively. Lately these rare decays have been the
matter of various physical discussions in the frame work of
some new physics models, such as models including univer-
sal extra dimension [24], supersymmetry particles [25], and
the fourth-generation fermions [26]. Generally, by studying
the physical observables of these decay modes there would
be a chance for testing SM or probing possible NP mod-
els. These physical quantities are for example the branching
ratio, the forward—backward asymmetry, the lepton polariza-
tion asymmetry, the isospin asymmetry, etc.

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 containing more scalars [27,28].

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

Imposing natural flavor conservation by considering an
ad hoc discrete symmetry [29], there would be two different
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ways to couple the SM fermions to two Higgs doublets. The
2HDM of types I and II have been extensively studied in the
literature [29-32]. Without considering discrete symmetry
a more general form of 2HDM, namely, type III allows for
the presence of FCNC at tree level. Consistent with the low
energy constraints, the FCNC’s involving the first two gen-
erations 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 exist rich induced
CP-violating sources from a single CP phase of vacuum that
is absent in the SM, type I and type II. In order to consider
the flavor-conserving limit of the type III, we suppose two
Yukawa matrices for each fermion type to be diagonal in the
same fermion mixing basis [33,34]. All three structures of
2HDM generally contain two scalars £1°, H?, one pseudo-
scalar A and one charged H* Higgs bosons.

The aim of the present paper is to perform a comprehen-
sive study regarding the polarized and unpolarized forward—
backward asymmetries of B — K (1430)¢T¢~ and B —
K ¢+¢~ decays in the SM and 2HDM of type I1I (2HDM-III).
We also study the sensitivity of the results to the scalar prop-
erty or the pseudo-scalar property of the produced mesons.

The paper is organized as follows. In Sect. 2, we describe
the content of the general 2HDM and write down the Yukawa
Lagrangian for type III. In Sect. 3, we define a general effec-
tive Hamiltonian of dimension-six operators of b — s£*£~
transitions, parameterize the hadronic B — K and B — f;
matrix elements, and derive the general expressions for the
polarized and unpolarized lepton forward—backward asym-
metries. In Sect. 4, the sensitivity of these polarizations and
the corresponding averages to the 2HDM-III parameters are
numerically analyzed.

2 The general two-Higgs-doublet model

In a general two-Higgs-doublet model, the two doublets can
both couple to the up-type and down-type quarks. Without
missing any thing, we use a basis such that the first doublet
produces the masses of all the gauge-bosons and fermions
[33]:

0
(¢1)=<L), (¢2) =0 ey
V2

where v is due to the W mass by My = %v. Based on this,
the first doublet ¢ is the same as the SM doublet, whereas
all the new Higgs fields originate from the second doublet
¢>. They are written as

oo L( vt oo (V20
T \w+x0+ic0 ) 2T A\ x0+ia0 )
(2)
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where GY and G* are the Goldstone bosons that would be
absorbed in the Higgs mechanism to provide the longitudi-
nal components of the weak gauge bosons. The H* are the
physical charged-Higgs bosons and A° is the physical CP-
odd neutral Higgs boson. The X? and )(g are not physical
mass eigenstates but are written as linear combinations of
the CP-even neutral Higgs bosons:

X?:Hocosa—hosina 3)
x3 = Hsina + h° cos a, )

where « is the mixing angle. Using this basis, the couplings
of ng Z and Xg W W™ have disappeared. We can write the
Yukawa Lagrangian for type III as

— % =0 QiLh\Ujr +n)) Qi1 Djr + & QirdoUjr
+&7Qi¢2Djr +hec., (5)

where i, j are generation indices, ¢12 = o212, nl.(j].’D,

and Silj}’D are, in general, nondiagonal coupling matrices,
and Q;y is the left-handed fermion doublet and U g and
D g are the right-handed singlets [29]. Note that these Q; ,
Ujg, and Djp are weak eigenstates, which can be rotated
to the mass eigenstates. As we have mentioned above, ¢
provides all the fermion masses and, therefore, %nU D will
become the up- and down-type quark-mass matrices after a
bi-unitary transformation. Applying the transformation the
Yukawa Lagrangian becomes

Ly =—-UMyU — DMpD — i(H0 cosa — K sin@)
2Mwy
x (UMyU + DMpD)

+ -5 GOUMyy U — DMpy°D)
2Mywy

8 opvi 1 5 1 5
G DYV, My —(1 —Mp—(1— U
+«/§MW CKM|: U2( +V) D2( V)]
8 477 1 5 1 5
— GTUV, Mp—(1 —My—(1— D
Jarty CKM|: D2( +v) Uz( )/)}
HOsino + h%cosor [— syl 5 cul 5
— U —(1 —(1 - U
7 [ (E 2( +y)+§ 2( y))

+5(5D%<1+y5>+éD*%<1—ys))D
AT (] sy _ guil 5
+$[U(s Sy -8V -y

—5<§D%<1 +73) - é”‘%(l - y5>)D

~

Ju

_ anl ~ 1
- H+U[VCKM505(1 +y°) - SUTVCKMEU ~ yS)]D
- H’B[éDTVgKM%(I -y’ - VSKMéU%(l + yﬂu, (6)

where U is a symbol for the mass eigenstates of u,c,?
quarks and D is a symbol for the mass eigenstates of d, s, b
quarks. The diagonal mass matrices are defined by My p =
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diag(mu,da mC,Sv m[,b) = \/LE(G?U‘D)THU’D(%U,D), éU’D =

(Ly.p)'EY"P(%Zy p). The Cabibbo—Kobayashi—-Maskawa
matrix [35] is given by Vexm = (Z0)T(%Dp).
The matrices EU D contain the FCNC couplings. These
matrices are given as [36,37]
2 8/m
E1P = )
«/_ 2Mwy
by which the quark-mass hierarchy is ensured, while the
FCNC for the first two generations are suppressed by the
small quark masses is allowed for the third generation.

3 Analytic formulas

3.1 The effective Hamiltonian for B — K£1t¢~ and
B — K,(1430)¢* ¢~ transitions in SM and 2HDM

The exclusive decays B — K{¢t¢~ and B — ES(1430)
£ ¢~ are described at quark level by b — s£T ¢~ transition.
The effective Hamiltonian that is used to describe the b —
s¢t ¢~ transition in 2HDM models is

Hopp(b — sT07)

4G 10 10
= fF VsV, {Z Ci(w 0w+ _ Co, (u)Qmm},
2 i=1 i=1

®)

where the first part is related to the effective Hamiltonian
in the SM such that the respective Wilson coefficients get
extra terms due to the presence of charged Higgs bosons.
The second part which includes new operators is extracted
from contributing the massive neutral Higgs bosons to this
decay. All operators as well as the related Wilson coefficients
are given in [30-32,34,38]. Using the above effective Hamil-
tonian, the amplitude of b — s€7 £~ can be given as

M = (st | A |b)

Gra ff ;
- V;,V*{Ce Syu(l — ys)b Iyhe
22n thVis1C9 SV V. 14

+ Cloim(l — y5)b ly'yst
—2C7 sza,wq V(14 y5)b byte
6]

— 2C sza,wq V(1 — ys5)b Lyte
q*

~|—CQ,§(1+y5)bl7£+CQ2§(1+V5)b5_y5€}, )

where g2 is the dilepton invariant mass. The evolution of
the Wilson coefficients C%ﬁ, C‘gff, C‘m from the higher
scale 4 = mwy to the lower scale u = myp is described
by the renormalization group equation. These coefficients

at the scale u = my are calculated in [38]. The operators
O;(i =1,...,10) do not mix with Q1 and Q; and there is
no mixing between Q1 and Q». For this reason the evolu-
tions of the coefficients Cp, and Cgp, are controlled by the
anomalous dimensions of Q| and Q», respectively [31,32]:

Co,(mp) = n~7/PoCy (my), i=1,2, (10)

where yg9 = —4 is the anomalous dimension of the operator
SLbr.

The coefficients C; (mw) (i =7,9,and 10)and Co, (mw)
and Cg, (mw) are given by

Crmw) = C3M (mw) + C3HPM (myy)
M 2 (Y7 =5y =8y

(mw) + |Aul ( 720y — 1)3
23y —2)

METICEE

In y) + AttApp

y y3-5y) y(By-—2) In
RG-12 " 6y-13 )

CSM mw) + C3HPM (myy)

Y

Co(my) =

1 —4sin*0y xy
S mw) o+ P | e

><< ! — ! ln>
y—1 -2 7

47y% — 79y + 38
108(y — 1)3

3y3 — 6y +4
_umﬂ, (12)

18(y — D*

Cro(mw) = C3M (mw) + CHPM (my)
M () + g p ——
" Ll xy
io (mw " sin20y 8

1 1
><<_y—1+(y—1>2 h‘y)’ (1)

Co (mw) mpmyp 1 1 x
my) = -
O ) D P sin20y 4

><{ (sin2ot +h cosza) Silx, y)

2
m
+ |:;’0 + (sinzoz + hcosztx) (1— z)i| frlx,y)
my,

.5 2 2 \2
sin*2u (mio +m7,)
] )

2
2m HE 2 Mo

(14)

mpmy 1

Co,(my) = —
’ mio |Aoel?

2 2
x [mx,y) + [1 + m*’*sz“’} fz(x,y>} ,
myy

15)
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where
2 2
S S L S
mW ’nHi mHO
B)=——> 4+ 17
VT T06—) a2 MY
X x—6 3x+2
Co=73 <2(x D 2 -1 1”) ’ (18)
filx,yy = 20X yiny (19)
x —1 y—1
Hxy) xIny n Inz 20)
X = 5
L P Yo s S (e e
_l=y+ylny
) = —(y 1) (21)

It should be noted that the coefficient C~’§ff(u) can be decom-
posed into the following three parts:

égff(u) = 69(/},) + YSD(Y;ZC, §) + YLD(";lC, §) ’ (22)

where the parameters 771, and § are defined as m, = m./my,
§ = q2/m£. Ysp(me, §) describes the short-distance con-
tributions from four-quark operators far away from the cc
resonance regions, which can be calculated reliably in the
perturbative theory. The function Ysp (77, §) is given by

Ysp = g, §)(3C1 + C2 +3C3 + C4+3Cs + Ce)
1 n
— Eg(l, §)(4C3 4+ 4C4 4 3Cs5 + Cp)

1 . 2
- Eg((), $)(C3 +3C4)+§(3C3+C4+3C5+C6),
(23)

where the explicit expressions for the g functions can be
foundin [30,38]. The long-distance contributions Yz, p (171, §)
from the four-quark operators near the cc resonance can-
not be calculated from first principles of QCD and are usu-
ally parameterized in the form of a phenomenological Breit—
Wigner formula making use of the vacuum saturation approx-
imation and quark—hadron duality. The function Yz p (771, §)
is given by [25,39]

3 B(V; et Ty.
YLD — _ZC(O) Z ki (21 — )mV, Vi , (24)

Vi=yr, ... my, — 9> — imy, Ty,

where « is the fine structure constantand C9 = (3C;+Ca+
3C3 + C4 + 3Cs + Cg). The phenomenological parameters
k; for the B — K¢ ¢~ decay can be fixed from #(B —
JJWK — Ktt¢™) = BB — J/WK)BU/Y —
£7¢7). For the lowest resonances ¥ and ' we will use
k1 = 2.70 and kp = 3.51, respectively [40]. Also, for the
B — f3(1430)€+€_ decay such parameters can be deter-
mined by Z(B — J/¥Ky(1430) — K,(1430)07¢7) =
BB — J/YKy(1430)B(J /¥ — £T07). However,
since the branching ratio of B — J /K (1430) decay has

@ Springer

not been measured yet, we assume that the values of k; are
of the order of one. Therefore, we use k; =1 and k» = 1 in
the following numerical calculations [25].

3.2 Form factors for B — K £1¢~ transition

The exclusive B — K ¢1¢~ decay is described in terms of
the matrix elements of the quark operators in Eq. (9) over
the meson states, which can be parameterized in terms of the
form factors. The matrix elements needed for the calculation
of B — K¢1¢~ decay are

(K(px) [57.(1 £ y5)b| B(pp))
= [f+@ps + ), + f- @),

2 2
= f+(@®) [(m tpr), — B M) ,L}

q2
2 2
(Wqu—me)fo(qz)qu, (25)
(K(pk) |5iouwg” (1 £ y5)b| B(pg))
_ @) ) s, 2
"~ mp+mg [P+ Pr)ua” = (mp —m)au].  (26)

where ¢ = pp — pk is the momentum transfer. In deriving
Eq. (25) we have used the relationship
( 2 2

fog®) = mBq_—me)[fo(qz) — £+ (@] 27)

Now, multiplying both sides of Eq. (25) with ¢ and using
the equation of motion, the expression in terms of the form
factors for (K |5(1 £ y5)b| B) is calculated as

(K(px) 501 £ y5)b| B(pp)) = (K (pk) 1561 B(pp))

- @ H)gq?
= o L q°)(pex + pK).q + f—(g7)g"],

mp —

_ fO(qz) 2 2

=} mk) (28)
(K (pk) I5ysbl B(pp)) = 0. (29)

For the form factors we have used the light cone QCD sum
rules results [41] in which the ¢? dependence of the semilep-
tonic form factors, fy and f4, is given by

F(0)
1 —ap(q2/m%) + br(g?/m%)?’

where the values of the parameters F(0), ar, and b for
the B — K{1¢~ decay are listed in Table 1. Also, the ¢>
dependence of the penguin form factor, fr, is obtained by

fr@? 1 m3 — q* m3 — q*
= — |1+ L5 | fr — 5 fo|-
mp+mg mp q q

€1y}

F(g*) =

(30)
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Table 1 Form factors for B — K transition obtained in the LCQSR
calculation are fitted to the 3-parameter form

F F(0) ar by
Bk 0.341 +0.051 1.410 0.406
K 0.341 +0.051 0.410 —0.361

3.3 Form factors for B — K(1430)¢* ¢~ transition

Like the exclusive B — K ¢1¢~ decay, the matrix elements
needed for the calculation of B — ?3(1430)Z+£_ decay
are

(Ro(1430)(picp) [57 (1 % v5)b| Bp))
= £[f1@) (s + piy) , + F-(@D)au]. (32)

(R5(1430)(pp) [sicng” (1 £ y5)b] B(pp))

_ ifT(q2) 2 2 2

= mB—I-—ng[(pB + PK(’;)MC] — (mp — ng)qM],

(33)

(Ko(1430)(pi) 51 £ y5)1 B(ps))

= & (K5(1430)(piy) 5751 B(pa))

1
=F———1f+ @) P+ pr)-q + [-(47)q’]
mp + mg

o fO(qz) 2 2

(Ko(1430)(picp) 1501 B(pi)) =0, (35)

where ¢ = pp — PK; and the function fo(¢%) has been
extracted from the Eq. (27). For the form factors we have
used the results of three-point QCD sum rules method [42]
in which the ¢ dependence of all form factors is given by

F(0)

2y _
Fa) = 1 —ap(q?/m%) + bp(q?/m3)?*

(36)

where the values of the parameters F (0), ar, and b for the
B — K, (1430)¢1 ¢~ decay are exhibited in Table 2.

Table 2 Form factors for B — f;(1430) transition obtained within
three-point QCD sum rules are fitted to the 3-parameter form

F F(0) ar br

fi ko 0.31 +0.08 0.81 ~0.21

ko —0.31 £0.07 0.80 ~0.36
5~ Ko —0.26 4+ 0.07 0.41 —0.32

3.4 The differential decay rates and forward-backward
asymmetries of B — K 3(1430)£+Z_

Making use of Eq. (9) and the definitions of the form factors,
the matrix element of the B — ES(MSO)E*‘E‘ decay can
be written as follows:

Graem %
= V. - Vipm
4\/57[ ts YtbM B
x [ (pp+prp)ut+PBaully" L+1C (pp+pr)u
+ Dyt yst + [ 2100 + [ 18yse}, 37)
where the auxiliary functions <7, . .., 2 are listed in the fol-
lowing:
2
o = =2C £ (g — 4myp + ms)csffM, (38)
mp +mgx
B = —2C5" f-(g°) + 4(mp + my)
~ (q%)
Ceft fT 2 _ 2 ), 39
T np + ng)qz(mB ") 59
¢ = —2C10f+ (g%, (40)
2 = -2C1f- (g%, (41)
(m% — mé*)
2=-2C H—— o 42
0, fo(@?) p—— (42)
(my — mi)
N =-2C H—— "o 43
0, fo(@?) p—— 43)

withg = pp — pxy = pe+ + Pe--

The unpolarized differential decay rate for the B —
f;(1430)£+€’ decay in the rest frame of the B meson is
given by

dr(B — Kiete) Gal mp ’
= == |V Vil vVA,
(44)

with

A = 16mem%(1 — Frp)Re[6 AN *] + 45m2v?| 212
+168mimp|71* + 32mimy (1 — P )Rel€ 7*]
+ 165memyRe[ DN *] + 28m%p | N |

4
+ gm‘gx(:«s — )|

FImIEP 0L~ (1 =)@ =30 — i)
(45)

_ 20,2 o 27,2 A 2 2
where v = /1 —4m;/q*, 5§ = q /mB,rKg = mK(,;/mB,

and A = 1 + 7, + 82— 28 — 27 (1 4 5).
0

@ Springer
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Table 3 List of the values for

. . my= (GeV myo (GeV myo (GeV mypo (GeV
the masses of the Higgs particles ns (GeV) a0 (GeV) po (GeV) w0 (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
mass set-1 i) mass set—1 mass set-2 i) mass set-2
x 15 X 10
‘s '3
= 10 = 5
o o
- 2 s - Q
e Z o -
T & M T 2 0 VF/\V
N T | ‘ i 1
=1 @ -5 3 @ -5
5 g 0 5 10 15 5 g 0 5 10 15
¥ “ d(Gev?) g “ d(Gev?)
e 2 mass set-1 e 2 mass set-2
X X 2 X X 1
T [ T S
) o 1 o T3
g 2 : S 0
< 8 0 < 3
3 3
o1 o -1
X X
T -2 1
2 2
0 5 10 15 20 B o 5 01520 -3 5 10 15 208 0 5 0 1520
g%(GeV?) q°(GeV?) 4?(GeV?) q°(GeV?)
mass set-3 mg mass set-3 mass set-4 ”‘9 mass set—-4
207 x 20 14r x 15
—A 1 — A 1
—B 2 12t ——B 20
e 2 10 —c =
15+ 3 g 5
— SM © 10 ——SM ®
< /4 = T 0 UM
“° 0 U “ "L u
1 v i TS
2 10 2 2 10
E{ 0 5 10 15 S E{ 0 5 10 15
- o (GeV?) ¢ D ’(GeV?)
2 mass set-3 = 2 mass set-4
X 4 ? X 2
1 1
2 : 2
S o £ s 0
@ < @
by 3
" -2 "L -2
T 4 7
m -6 @ -4
10 5 10 15 2& o 5 10 15 2 ® 5 10 15 2& 0 5 10 152
4%(GeV?) q°(GeV?) 4%(GeV?) q°(GeV?)

Fig. 1 Un polarized asymmetry </rp (qz) in the SM and three tested
scenarios of 2HDM-III (A, B, C) for B — f3(1430) wtu~ decay for
the Higgs mass sets 1, 2, 3. For each mass set the left sub-figure shows

The unpolarized and normalized differential forward—
backward asymmetry of the B — E;(MSOK*‘E‘ decay in
the center of mass frame of leptons is defined by

I q2r 0 g2r
/ 4id dz—/ ad dz
%BZ o dsaz —1 asdzg ’ (46)

/1 dzI‘d +/0 d2rd
o didz o). dsdz ”

@ Springer

the general allowed region, varying the theoretical and experimental
input parameters; the right up (down) sub-figures represent the upper
(lower) limit of the corresponding asymmetry

where z = cos 6 and 6 is the angle between three momenta
of the B meson and the negatively charged lepton (£7) in the
CM (center of mass) frame of leptons.

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

Sm%mgv\/x
A

App() = Re[</ 2%]. 47)



Eur. Phys. J. C (2016) 76:461

Page 7 of 23 461

mass set-1
12
A
— B
10| —C
—SM
(3] 8’
e
X
'z 6l
¥
ES
N4
T o4l
m
&
<

: [

__)
_2 L L L L J
0 5 10 15 20 25
aA(GeV?)
mass set-3
16
A
14t ——B
—C
12/ —SM
mo 10+
X
1 87
=
+:':.
v 6f
)
o 4r
5
>, ﬂ
)
0
I
_4 L L L L J
0 5 10 15 20 25

q°(GeV?)

mass set-2
8,
A
7t —8
—C
—— SM
6
mO
-~ 5F
X
1
+1 4r
=
g
T 3r
[an]
-
u_< 2+
i - )
0 V v
_1 L L L L J
0 5 10 15 20 25
aA(GeV?)
mass set-4
14
A
122 — B
—C
—— SM
10
mO
- 8f
X
1
+1 61
=
NS
T 4r
o
=
0 U v
_2,
_4 L L L L J
0 5 10 15 20 25

q°(GeV?)

Fig. 2 Unpolarized asymmetry «7rp (qz) in the SM and three tested scenarios of 2HDM-III (4, B, C) for B — K ut ™ decay for the Higgs mass

sets 1,2,3

Having obtained the unpolarized and normalized differ-
ential forward-backward asymmetry, let us now consider
the normalized differential forward—backward asymmetries
associated with the polarized leptons. For this purpose, we
first define the following orthogonal unit vectors s; " in the
rest frame of ¢=, where i = L, N or T are the abbreviations
of the longitudinal, normal and transversal spin projections,
respectively:

= (0.%) = <0, %) , 48)
N

syt = (0.65) = [0, 2P ) (49)
Pk % Plz—‘

st =1(0,é7)=(0,éy x¢;), (50)

+ - ﬁl*
s, =1(0,¢) = (0, |ﬁe+|)’ (51)

T _ (0, g+) = 1o, Pkg X Per i (52)

-

Pk X Pet

sit = (0,6) = (0,é5 x &), (53)

where pys and pg; are in the CM frame of £~ £+ system,
respectively. A Lorentz transformation is used to boost the
components of the lepton polarization to the CM frame of
the lepton pair,

- (E2)
(S;M)CM - (SiH)RF’ (55)

@ Springer



461 Page 8 of 23

Eur. Phys. J. C (2016) 76:461

mass set—1

N
e mass set-1
8¢ x 8
A 5
7 -
s |
N SM] 2 4f|
2 6 =
X '{ 2
1
f" 5 m
= 2o
= B 0 5 10 15 20
g 4 o o’(GeV?)
= e mass set-1
N X 3
T3 =
m +
5% =S
i
1 «!O
T
)
0 o0z
0 5 10 15 20 4
’ ) 2 2
q4GeV?) q°(GeV?)
mass set-3 Ne mass set-3
8r X 8
A 1
— B +j‘ 6
7 c =
2 \
N SM 2 4l
2 6 =
*x O
X ? 2
1
+1 5 m
3 =0
2 G 5 10 15 20
(52}
2 o q’(GeV?)
= - mass set-3
N X 3
T '3
m +1 |
& g7
s
} 1
1
m
. 5% 0
o 5 10 15 20230 5 10 15

qz(GeVZ) qZ(Gevz)
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Higgs mass sets 1, 2, 3. For each mass set the left sub-figure shows the

(S;ZM>CM - (S;:M)RF ’ (56)

where R F refers to the rest frame of the corresponding lepton
as well as pp+ = — py— and my is the mass of leptons and E,
is the energy of leptons in the CM frame, respectively.

The  polarized and  normalized  differential
forward—backward asymmetry can be defined as

- (52) {[ - [

y dr@¢,s— =i,57 =)
dst
&G, =i,5t=—))
dsdz
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[d2r(§, ST=—i5t=))
dsdz
d2r@E,s-=—i,5t = —})“
dsdz
=g =15 = ) —ppG T =1,5T = —))
—ppG T =—1,5 =)
+ T =—i,5 =), (57)
where 9L s calculated in the CM frame. Using these defini-

tions for the double polarized F' B asymmetries, the following
explicit forms for «7;;’s are obtained:

Ay = —dfy =—diy = g, (58)
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Fig. 4 Polarized asymmetry tsziFLéV (¢) in the SM and three tested scenarios of 2HDM-III (A, B, C) for B — K u* ™~ decay for the Higgs mass

sets 1,2, 3
—16vamm?3
b = — " B¢, (59)
kB 3/5A
daE =ty (60)
—16Amem3
iy = ——= 1P, (61)
e 3/3A
iy = Ay, (62)
8m2 mg«/x ny
NT __ B A
N = TIm[—ZT(gf‘K*)(I — Fxp)
— (AN + 2m4(@sz/*)] , (63)
AEN = VL. (64)

3.5 The differential decay rates and forward—backward
asymmetries of B — K {14~

Imposing mg = 0 in the whole afore-mentioned expressions
for B — K, (1430)¢*¢~ we could obtain similar expres-
sions for B — K{£T¢~ decay, such that all the above equa-
tions remain unchanged except the definitions of the auxiliary
functions (Egs. (38)—(43)). One can see from the matrix ele-
ments of the above-said decays that, in order to obtain the
auxiliary functions of the latter decay, we should perform the
following substitutions:

Y S R I S )

@ Springer



461 Page 10 of 23

Eur. Phys. J. C (2016) 76:461

mass set-1 Ne mass set-1
2 x 0
= ﬁ N
=
0 -2
8
N -2 <+ -4
=) Z
X ” «xo 6
- T
o -6 2 8
= E<’£ 0 5 10 15
¢ o a%(GeV?)
= 2 mass set—1
X X 5
T 10 ‘s
m + 0
oz 12 =
u_<z § -5
-14 — <
A = -0
— B *x
-16f —cC 1 -15
— SM m 20
-18 s o 15 20 gz o 5 10 15 20
qz(Gevz) q°(GeV?)
mass set-3 Ne mass set-3
27 x 0
. r R’
=
0 -2
g
N -2 <+ -4
=) At
X -4 g
Ii cg
1 -6 st 8
z E(z 0 5 10 15
¢ s o a’(GeV?)
= 2 mass set-3
X _ X 5
T 10 ,
=
o + 0
oz 712 =
u_<Z § -5
-14 — <
I BT
N4
-16} —C T -15
— SM m 20
18 5 10 15 2082 5 10 15 20
qz(GeVZ) q°(GeV?)

Fig. 5 Polarized asymmetry MFNBT (¢?) in the SM and three tested sce-
narios of 2HDM-III (4, B, C) for B — K (1430) u* ™ decay for the
Higgs mass sets 1, 2, 3. For each mass set the left sub-figure shows the

4 Numerical results and discussion

In this section we shall focus on the concrete models such as
the SM and 2HDM of type III. We study the effects of such
models on the polarized and unpolarized forward—backward
asymmetries and their averages for B — E3(1430)E+€’
and B — K{T¢~ decays. At the end, we compare the
results of different decay modes to each other. The corre-
sponding averages [43] are defined by the following equa-
tion:

11 92 45
(i = 4 @ (66)

FB/ = v’ 4 )
/ as
4

fu—«/?mz

~

~2
my
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where the subscript M refers to the ?S (1430) and K mesons.
The full kinematical interval of the dilepton invariant mass g>
is 4m% < q2 < (mp—m M)2 for which the long-distance con-
tributions (the charmonium resonances) can give substantial
effects by considering the two low lying resonances J /¢ and
Y’, in the interval of 8 GeV? < q2 < 14 GeVZ2. Because of
the hadronic uncertainties, first we introduce the kinematical
region of ¢ for the muon [25]:

I 4m} < q* < (mypy —0.02 GeV)?,

I (myy +0.02GeV)? < g* < (my —0.02 GeV)?,
(67)

Il (my +0.02 GeV)? < ¢* < (mp —mu)?,
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and for the tau:

I 4m? < g* < (my — 0.02 GeV)?,
I (my +0.02GeV)? < g% < (mp — mu)>. (68)

In order to skip the strong overlap of two resonances for p
channel, we use the kinematical region of ¢>:

I 4mj < q” < (myjy —0.02 GeV)?,
M (my +0.02GeV)? < g2 < (mp — mu)>. (69)

In 2HDM of type III, apart from the masses of Higgs
bosons, two vertex parameters, A;; and App, are appeared in
the calculations of the related Feynman diagrams [30-34].
Since these coefficients can be complex, we can rewrite our
expression:

AttAbb = |ArrAppl ei97 (70)

in which the range of variations for |A|, |App |, and the phase
angle 6 are given by the experimental limits of the electric
dipole moments of neutron (NEDM), BY-BY mixing, p o
(po= M3 /pM2)[33], Rp,and B(b — sy)[29,33,44,45].
The experimental bounds on NEDM and Br(b — sy) as
well as Mg+ which are obtained at LEPII constrain A App
to be closely equal to 1 and the phase angle 6 to be between
60°—90°. Another restriction which comes from the exper-
imental value of x; parameter, corresponding to the B'—
B° mixing, controls |A;| to be less than 0.3. Also, the
experimental value of the parameter R, which is defined as
Ry, = mng% affects the magnitude of |App| in such
a way this coefficient could be around 50. Using these con-
straints and taking & = /2, we consider the following three

@ Springer



461 Page 12 of 23

Eur. Phys. J. C (2016) 76:461

mass set—1 R} mass set—1
15¢ x 10
"o
o 5 /)
=)
g . A
;;’ V
-5
1
m
a 10
[ 125 13 13.5 14 14.5
N (GeV?)
o~
= mass set-1
X 5
e
*o 0
o
(2]
T -5
>
T -10
)
. & -15
16 ¢ 12 , 14 ) 16
qZ(GeVZ) q°(GeV?)
mass set-3 R} mass set-3
20 X 20
'
15} o 10
g & N
~ 3
S 10} ;’o U
X -10
X T
+P 5r o
e a —20
= [ 12,5 13 13.5 14 14.5
@ 2 2
& 0 o q°(GeVv?)
= =4 mass set-3
¥ X 10
T -5¢ [
@ o
o —
"< -10t g °
h
-15} o> 10
1
- 2!
-20 N . . T
12 13 14 15 16 e 12 . 14 X 16
qZ(GeVZ) q°(GeV)
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typical parameter cases throughout the numerical analysis
[33]:

Case A: |Ay| =0.03; |App| = 100, (71)
Case B: |Ay| = 0.15; |xpp| = 50, (72)
Case C: |Ay| =0.3; |xpp| = 30. (73)

The other main input parameters are the form factors
which are listed in Tables 1 and 2. In addition, in this study
we have applied four sets of masses of Higgs bosons which
are displayed in Table 3 [33].

We investigate 42{;/3 (¢%)’s and their averages in the SM
and 2HDM-IIT in a set of Figs. 1 2,3,4,5,6,7,8,9 10, 11
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(lower) limit of the corresponding asymmetry

and 12 and Tables 5, 6, 7, 8, 9, 10, 11 and 12, respectively.
In these figures and tables the theoretical and experimental
uncertainties for B — K(1430)¢t¢~ and B — Kete~
decays have been taken into account. It should be men-
tioned that the theoretical uncertainties are extracted from
the hadronic uncertainties related to the form factors and the
mass of quarks (see Table 4). The experimental uncertain-
ties also originate from the mass of hadrons (mp, mgy, mg,
mjy, my) and the mass of leptons (m,, m:) as well as
the decay width of J /v, ¥' (I'y/y, T'ys) and the branching
ratio of J /vy, /' (B(J /¥ — €707, By — £707)) (see
Table 4).
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sets 1,2, 3

At this stage, let us see briefly whether the lepton polar-
ization asymmetries are testable or not. Experimentally, for
measuring an asymmetry (mfl j> of the decay with branching
ratio Z at no level, the required number of events (i.e., the
number of BB) is given by the formula [43]

n2

- Bs152(Hj)?

where s1 and s are the efficiencies of the leptons. The val-
ues of the efficiencies of the t-leptons differ from 50 % to
90 % for their various decay modes [46] and the error in
T-lepton polarization is approximately (10-15) % [47,48].
So, the error in measurements of the r-lepton asymmetries is
estimated to be about (20-30) %, and the error in obtaining
the number of events is about 50 %.

(74)

Based on the above expression for N, in order to detect the
polarized and unpolarized forward backward asymmetries in
the n and 7 channels at 3o level, the lowest limit of required
number of events are given by (the efficiency of the t-lepton
is considered to be 0.5)

o for B — K (1430)ut i~ decay

10" (for (pp) , (L) (FL) (DD,

. 10" (for (), (ARED,
107 (for (g ) (g ).
107 (for {7y ). (775D
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Now that the minimum required number of events for measur-
ing each asymmetry has been obtained we can compare them
to the number produced at the LHC experiments, containing
ATLAS, CMS, and LHCb, (~1012 per year) or expected to
be produced at the Super-LHC experiments (supposed to be
~10'3 per year) to find which asymmetry is testable at the
LHC or SLHC.
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10 Polarized asymmetry esszLéV (¢?) in the SM and three tested scenarios of 2HDM-III (A, B, C) for B — K t+t~ decay for the Higgs mass

1,2,3

Analysis of <7y 3 asymmetries for B — Ko~ and
B — Kputu~ decays: One can see from Fig. 1, how-
ever, the predictions of /Fp, in a consideration of the
theoretical and experimental uncertainties on the SM and
2HDM-III predictions, for B — Eg wt ™ incases B and
C for all mass sets are next to that of the SM which is
zero, such coincidence is not generally seen in case A. In
this case within the interval m%/f/ <q*<(mp—m K(y;)2
a larger discrepancy between predictions of the SM and
2HDM is observed compared with those predictions in
the range 4m? < ¢ < m21/f" Also it is understood from
these plots that whenever the mass of H™ increases or the
mass of H? decreases this asymmetry shows more sen-
sitivity to the existence of new Higgs bosons in such a
manner that the largest deviation from the SM prediction
happens for the mass set 3 of the afore-mentioned case
and range. In contrast, the magnitudes of averages, in a

consideration of the theoretical and experimental uncer-
tainties on the SM and 2HDM-III predictions, in Table 5
could not provide any signs for the presence of new Higgs
bosons. It is also explicit from Fig. 2 and Table 5 that we
can draw the same conclusions regarding B — Kt~
decay as those of B — Kyutu~ decay.

Analysis of <7, ;‘év asymmetries for B — f; uwT " and
B — Kputu~ decays: One can observe from Fig. 3 that
the predictions of the mass sets 1 (2) and 3 (4) seem to be
indistinguishable and the deviation from the SM value in
mass sets 2 (4) is larger than that of mass sets 1 (3). There-
fore, while this asymmetry is insensitive to the variation
of mass of HY, it is susceptible to the change of mass of
H=, here the reduction of mass of such boson. Also, the
relevant plots show that this quantity is quite sensitive
to the variation of the parameters A, and App. For exam-
ple, by enhancing the magnitude of |X;; App| the deviation
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from the SM value is increased. It can be seen from Fig. 3
and the corresponding table, Table 6, of average values
that the largest discrepancy between the SM and 2HDM
-III predictions arises in the case C of mass sets 2 and 4.
Also, it is found from Table 6 that, in a consideration of
the theoretical and experimental uncertainties on the SM
and 2HDM-III predictions, none of 2HDM-III expecta-
tions overlap with that of the SM. One can observe from
Fig. 4 that we can draw similar conclusions concerning
B — Kutu~ decay to those of B — Kou™u™ decay,
except that the two-Higgs-doublet scenario can flip the
sign of d}év compared to the SM expectation in the lat-
ter decay in cases B and C of all mass sets. Besides, it is
understood from Table 6 that, in a consideration of the
theoretical and experimental uncertainties on the SM and
2HDM-III predictions, the SM prediction is not located in
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the general allowed region, varying the theoretical and experimental
input parameters; the right up (down) sub-figures represent the upper
(lower) limit of the corresponding asymmetry

the range of predictions of cases B and C but in the range
of that of case A. Also, one can see from that table that
the averages of this asymmetry for B — K u+u~ decay
are less sensitive to 2HDM-III parameters as compared
to those of B — Ko™~ decay.

Analysis of 7] asymmetries for B — Koutpu~
and B — KpuTpu: decays: One can note from Fig. 5
that, whereas the predictions of 2HDM in the domain
4m% < q2 < (mp — mK5)2 for all mass sets and cases
conform with that of the SM, such conformity does not
happen in the range 4mi < q¢* < 4mz. In this range,
all discussions regarding .7, FA;T are the same as those of
N4 }‘év . Itis also understood from Table 7 that, in a consid-
eration of the theoretical and experimental uncertainties
on the SM and 2HDM-III predictions, the behavior of
averages are similar to those of szFLéV . In addition, one
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Fig. 12 Polarized asymmetry MF’“IQ’ (¢?) in the SM and three tested scenarios of 2HDM-III (A, B, C) for B — K t+ 1~ decay for the Higgs mass

sets

1,2,3

can understand from Fig. 6 that we have the same behav-
iors for B — Ku*u~ as those for B — Kout ™.
Also, one can see from Table 7, considering the the-
oretical and experimental uncertainties on the SM and
2HDM-III predictions, the averages of this asymmetry
for B — Kputu~ decay are less sensitive to 2HDM-
III parameters as compared to those of B — f; whru~
decay. Moreover, none of the 2HDM-III averages agree
with that of the SM for both decay modes.

Analysis of o7} asymmetries for B — Kot~ and
B — KuTu~: decays: For each of the decays a high
overlap in the corresponding plots is seen, making them
indistinguishable, so we do not present them in this paper.
Also, one can see from Table 8§ that there is a high overlap
among different averages for each decay mode
Analysis of 75 asymmetries for B — Kt~ and
B — Krttr~ decays: A comparison between Figs. 7

and 1 as well as Figs. 8 and 2 makes up the same conclu-
sions for this asymmetry as for the mu channel. However,
one can conclude from Tables 5 and 9 that the sensitivity
of (</rp) to the 2HDM-III parameters in T channel is the
same as for the corresponding figure and is larger than
that asymmetry in the i channel. Also, one can see from
Table 5 that, considering the theoretical and experimental
uncertainties on the SM and 2HDM-III predictions, the
averages of this asymmetry for B — Kt Tt~ decay are
more sensitive to the 2HDM-III parameters as compared
to those of B — Kot 7~ decay.

Analysis of <7/ asymmetries for B — Kgrtc~
and B — Kt Tt~ decays: One can find from Figs. 9
and 10 and Table 10 that this asymmetry behavior is sim-
ilar to the one of the mu channel. Also, one can see from
Table 10 that, considering the theoretical and experimen-
tal uncertainties on the SM and 2HDM-III predictions,
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Table 4 List of the values for

the masses of hadrons and mg mg mg
quarks as well as the required
decay widthes and branching 5.27955 + 0.00026 Gev 1.425 £ 0.05 Gev 0.497611 £ 0.000013 Gev
ratios [49]
my/y My

3.096916 + 0.000011 Gev

3.686108 + 0.000014 Gev

me mp my
1.275 £ 0.025 Gev 4.18 +0.03 Gev 173.21 £0.51 £0.71 Gev
my, my

0.1056583715 £ 0.0000000035 Gev

1.77686 = 0.00012 Gev

Ly/y

Ty

(92.9 £2.8) x 107° Gev

(286 & 16) x 107° Gev

BAY — whp) B — ) B —tTT7)
(5.961 4 0.033) x 1072 (7.940.9) x 1073 (3.1£04) x 1073
Table 5 The («%p) asymmetry
for B — K,(1430) u* 1.~ and (Ap(B — Kj(1430) wt ™)) x 10°
B — K utpu~ decays in the SM 0
SM and 2HDM. The errors
shown are due to the theoretical 2HDM Case A Case B Case C
and experimental uncertainties.
40.139+0.003 +0.006+0.0001 +0.002+0.00004
The first errors are related to the Set 1 139175258 0,002 0.055Z5'51020.0001 0.013Z5 0032000003
i inti +0.081-+0.002 +0.004-+0.00008 +0.0009+0.00002
;};izﬁlgizzizr;alsttf i}f‘end the Set 2 0.775 25 130-0.001 0.030,006 000006 0.0074,002Z0.60002
u +0.263+0.006 +0.011+0.003 +0.003+0.00007
experimental uncertainties Set 3 2.668 434 0'004 0.105Z5519 0,002 0.026Z 505000005
+0.176-0.004 +0.008+0.0002 +0.002+0.00005
Set4 17397 288 "0.003 0.068~ 013 0.0001 0.017Z 5003 "0:00004

(B (B — Kputp)) x 10°

SM 0

2HDM Case A Case B Case C

Setl 1322550070 008 0.052* 00020001 0.013:+0.00008-+0.0002
Set2 073756050 016 002970 0030 0068 0.007+0.00006-+0.0001
Set3 253155015 0054 0.099* 000050 602 0.024+0:0001-+0.0004
Set4 16525015 0 035 0.064 090040001 0.016:+0:00009:+0.0003

the averages of this asymmetry for B — Kt~ decay
are more sensitive to the 2HDM-III parameters as com-
pared to those of B — Fgr“‘r_ decay. Moreover, while
all 2HDM-III averages overlap with that of the SM in
the B — fér“‘r‘ decay to some extent, none of them
overlap with the SM prediction in B — Ktt7~ decay
at all.

@ Springer

e Analysis of <] asymmetries for B — Kt 7~ and
B — Kttr~ decays: One can observe from Figs. 11
and 12 that there are the same analyses among this asym-
metry of mentioned decays and that of their © channels.
Also, it is found from the Table 11 that in consideration
of theoretical and experimental uncertainties on the SM
and 2HDM-III predictions, the averages of this asymme-
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Table 6 (JJFLBN) asymmetry for
B — K(1430) e~ and

B — K utp decays in the
SM and 2HDM. The errors
shown are due to the theoretical
and experimental uncertainties.
The first errors are related to the
theoretical uncertainties and the
second ones are due to the
experimental uncertainties

Table 7 (MF%T) asymmetry for
B — K(1430) ™ and

B — K utp~ decays in the
SM and 2HDM. The errors
shown are due to the theoretical
and experimental uncertainties.
The first errors are related to the
theoretical uncertainties and the
second ones are due to the
experimental uncertainties

(ANB — K(1430) ut 7)) x 103

+0.01640.016
SM 10027 034 0.015
2HDM Case A Case B Case C
+2.727+40.032 +6.277+0.051 +7.265+0.055
Set 1 55127 500 0:030 121217454556 050 14.2687 5745 70.035
+3.19540.034 +7.136+0.055 +38.1504-0.059
Set2 6.305757151 Z0.033 13.99775 045 20,055 16.467 5946 0,050
+2.721+40.031 +6.276+0.051 +7.265+0.055
Set 3 5.50521 897 0.030 121207454576 050 14.2677571450.055
Set 4 6.30073 110,03 13.9967 533 0,053 16,4677 59385050
(ANB — Kputp)) x 103
+0.06640.024
SM 1.304 25 064 0.027
2HDM Case A Case B Case C
+0.12440.058 +0.20140.178 +0.22140.211
Set 1 0.6857, 15, 0.052 —1.68875799 0. 160 —2.2867(330"0.190
+0.1304-0.073 +0.21140.210 +0.23040.246
Set 2 0.20524'158 0,065 —=2.2072550920.189 —2.88070 5390221
+0.12440.058 +0.201+0.178 +0.221+0.211
Set 3 12337512, 20,052 —1.667199 0,160 —2.2802)530 0190
+0.1304-0.073 +0.21140.210 +0.23040.246
Set 4 0.62075' 155 0.065 —2.19125500 0. 189 —2.876 15350 0201
('N3 (B — Kp5(1430) ™)) x 103
+0.030-4-0.0002
SM —0.24974'013-0.0004
2HDM Case A Case B Case C
40.567+0.005 +1.38740.001 +1.645+0.002
Set 1 —L791%5581 20,005 —4.0172 358 0,001 —4.744 7571620002
+0.669+0.006 +1.61440.002 +1.905+0.002
Set 2 —2.06224'925".006 —4.653157670 0.002 —5.4902573700.002
+0.56740.005 +1.38740.001 +1.65+0.002
Set 3 — 178870780 0.005 —4.017Z 328 0001 —4.744 757115 "0.002
+0.668+0.006 +1.61340.002 +1.905+0.002
Set 4 —2.060"4'920"0.006 —4.6537576750.002 —5.49075370 0.002
(NI B — Kptp)) x 103
+0.008+0.004
SM —0.14525'0080.004
2HDM Case A Case B Case C
+0.02440.018 +0.04540.048 +0.0504-0.057
Set 1 0.59175,024 0,020 0.22175/045 0,053 0.26975'050-0.063
+0.02640.022 +0.04740.056 +0.05340.065
Set 2 0.35125'056-0.024 0.2697 048" 0.062 0.334750530.072
+0.02440.018 +0.04540.048 +0.0504-0.057
Set 3 1.13975,02420.020 0.243 750450053 0.27475'050-0.063
+0.026+0.022 +0.04740.056 +0.05340.065
Set 4 0.766 6560.024 0.2857 048" 0.062 0.33870'0530.072
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Table 8 (JJFL];F) asymmetry for
B — K(1430) e~ and

B — K utpu decays in the
SM and 2HDM. The errors
shown are due to the theoretical
and experimental uncertainties.
The first errors are related to the
theoretical uncertainties and the
second ones are due to the
experimental uncertainties

Table 9 (afp) asymmetry for
B — K, (1430) tt 7~ and

B — K t+t~ decays in the SM
and 2HDM. The errors shown
are due to the theoretical and
experimental uncertainties. The
first errors are related to the
theoretical uncertainties and the
second ones are due to the
experimental uncertainties

@ Springer

(A (B — Ky (1430) 't 7)) x 10°

sw 6097 I

2HDM Case A Case B Case C

Set 762143 69493570 76 297780

Set2 6T R 6 TR

set 616 7951350 76293538800

Sets 76300738123 T e85

(B - Kutp)) x 103

sm B

2HDM Case A Case B Case C

Set 1 —22.75810 53605 —23.088X0703 70 31 ~22.730%0 556 0517

Set 2 ~23.016155, 0361 ~23.038%045: 031 ~22.622%0375 0 3ge

Set 3 —22.158 1038 0566 ~23.067%0%393 70530 ~22.725%0 456 0517

Setd s 2300 “n gL
(A (B — K;(1430) t+77)) x 103

SM 0

2HDM Case A Case B Case C

Set 1 4775915050 6 764 2.0847V607% 208 0.508 055576 073

Set 2 26-8061:??26926—53.847 L. 157tg§(9)'31f3 165 0~280t8j2350f(lx040

Set 3 87.597 34 53111972 4.00015507% 57 0.97475455%5. 130

Set 4 58.893 0131 %% 246 2.5967742:70 370 0.63070555° 000
(Ap(B — Kttr7)) x 10°

SM 0

2HDM Case A Case B Case C

Set 1 110.3607957573" 0 950 5,307 850 0,044 129675507 on1

Set 2 65.358 104555 0,559 2.94878 50570 004 0.716 946575 006

Set 3 17019334580 | 550 10.180*53975% os4 2.48615555 0 021

Set 4 13081250056 1 152 6.616101 9% 0ss 160635950 013
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Table 10 (MFIEN) asymmetry
for B — K,(1430) tT7~ and
B — K t7 7~ decays in the SM
and 2HDM. The errors shown
are due to the theoretical and
experimental uncertainties. The
first errors are related to the
theoretical uncertainties and the
second ones are due to the
experimental uncertainties

Table 11 (MF]\]%T) asymmetry
for B — K,(1430) t¥7~ and
B — K tT 7~ decays in the SM
and 2HDM. The errors shown
are due to the theoretical and
experimental uncertainties. The
first errors are related to the
theoretical uncertainties and the
second ones are due to the
experimental uncertainties

(ANB — K(1430) tH77)) x 10°

+9.0744-0.089
SM 3'735—1.835—0.082
2HDM Case A Case B Case C
+18.215+1.200 +29.355+4-2.007 +33.016+2.216
Set 1 5'122—24921—1‘112 8'55975418871‘865 9'446—5.815—2.058
Set2 54750 0 0387+ BT 10408505725
+18.342+1.103 +29.3534-2.007 +33.016+2.216
Set 3 4'893—24810—1.030 8'55975418871‘865 9'446—5.815—2.058
+19.742+1.244 +32.146+2.196 +36.08742.435
Set 4 5.35723700-1.155 9.387 15750 5 042 10.4087 ig0-5 564
(AENB - Krtr7)) x 103
+9.410+40.036
SM 14‘235—7403—0‘043
2HDM Case A Case B Case C
+2.609+4-0.012 +4.3554+0.018 +6.676+40.029
Set 1 4'283—2‘33170.013 _8'348—7.626—0.013 _12'761710.996—0.022
+1.469+4-0.010 +6.401+40.029 +9.086+4-0.041
Set2 3'147—1.699—0.011 _12‘290—10‘517—0.022 _17'396714.36170.032
+2.4584-0.008 +4.3544-0.018 +6.676+0.029
Set 3 3'445—1.938—0.009 _8'344—7.626—0.013 _12‘761710.996—0.022
+1.4594-0.008 +6.400+4-0.029 +9.086+4-0.041
Set 4 2'80871.54770.009 _12'288710.517—0.022 _17'396—14.361—0.032
(AN (B — Kp(1430) t77)) x 10
+16.891+4-2.408
SM —44.1371)550
2HDM Case A Case B Case C
Set 1 —64.3691 5735033 —101.6397 %3107 —111.9847 % ({55599
Set 2 —69.021F 3> 15 E3 77 —111.500747 57555 —123.4061 5355044
Set 3 —61.4841 52012717 —101.6297>3% —111.9847 8 (4555990
+25.348+-3.404 +47.637+5.831 +54.389+6.446
Set 4 —67.5235 3% —111.4941 7408 —123.4067 34350
(A B - Krte)) x 10°
+109.260+0.017
SM —54.040™)% 00
2HDM Case A Case B Case C
+33.55340.059 +0+0.046 +040.082
Set 1 —17. 1987070.055 32'846—73.146—0.066 49'742—1084699—0.109
+22.932+40.052 +0-+0.080 +0+40.120
Set 2 —12.508 0—0.049 48'050—]04.854—0.107 67'5667145.78970,155
+27.8424+0.041 +0+0.046 +04-0.082
Set 3 _13‘83470—0.038 32'831773.12170.066 4'9‘7407108.69770.109
+20.7984-0.043 +0+0.080 +0+0.120
Set 4 _11'16070—0041 48'041—104838—0‘107 67'565—145‘788—0.155
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Table 12 (M}% ) asymmetry for
B — K,(1430) t+ ¢~ and

(AT (B — K(1430) T77)) x 10°

B — K t7t~ decays in the SM SM —159.520 ) 29,1023
and 2HDM. The errors shown 2JHDM Case A Case B Case C
are due to the theoretical and
experimental uncertainties, The et | —144.998 3038 P50 —163.977 066 15560 —162.3047 37150
theoretical uncertainties and the Set 2 - 146'432J—r1231.47132+31411§;47 _165'369j§g£gg;ﬂ }39234 -1 63.623&;;83;71}‘3954
sondonsaedietotie | sad DRGCEETTL oo TN, e
St BIENNR. lesaeTRMI e i,
(B - Krte)) x 103
sM —178.160 17157520
2HDM Case A Case B Case C
Set 1 —144.108 1350004 —174.436 71550 " 206 — 1721910 s
Set 2 —152.202 1230, —~175.360 71065 1 200 — 173314500
Set 3 — 115697+ {58505 5l —174.3447 0170 006 — 17218450 O
Set 4 ~136.2511 56 0 —175.318 1710630 1 200 —173.310 700

try for B — ES 77~ decay are as sensitive to 2HDM-III 5.

parameters as those for B — Kt 7~ decay. Moreover,
while all 2HDM-III averages overlap with that of the
SMin B — KtTt~ decay to some extent, only the
case A of averages overlap with the SM prediction in
B — Kyt~ decay.

Analysis of /! asymmetries for B — Kyt "7~ and
B — Kttr~: decays: For each of the decays a high
overlap in the corresponding plots is seen, making them
indistinguishable, so we do not present them in this paper.

10.

Also, one can see from Table 12 that there is a high over- 1.
lap among different averages for each decay mode. 12.
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