
Chapter 10
Impact of Nonleptonic B̄d,s Decay Modes
on B̄ → K̄∗µ+µ− Process

Manas K. Mohapatra, Suchismita Sahoo, and Anjan K. Giri

Abstract We scrutinize the effect of nonleptonic B decay modes on the branching
ratio and angular observables of B̄ → K̄ ∗μ+μ− process involving b → s quark level
transition in the non-universal Z ′ model. The new couplings are constrained by
using the experimental limits on the branching ratios of Bd → πK , Bd → ρK , and
Bs → η′η′, K ∗K ∗ nonleptonic processes. Using the allowed parameter space, we
perform an angular analysis of the B̄ → K̄ ∗μ+μ− process. We observe significant
impact of nonleptonic decay modes on B̄ → K̄ ∗μ+μ− observables.

10.1 Introduction

Although Standard Model (SM) is a successfully fundamental theory, it fails to
explain the open puzzles such as matter–antimatter asymmetry, hierarchy problem,
neutrino mass, dark matter, and dark energy. Thus, it implies the existence of new
physics (NP) beyond it. In this regard, the study of rare B decays, which provide
not only deep understanding on CP violation but also different anomalies both in
nonleptonic as well as semileptonic sectors, is quite interesting. The decay rate and
P ′
5 observable of B̄ → K̄ ∗μ+μ− process have 3σ [1] deviation from their SM results.

The decay distribution of Bs → φμ+μ− also has tension [2]. Furthermore the lepton
universality violating ratio, RK = Br(B+ → K+μ+μ−)/Br(B+ → K+e+e−) dis-
agrees with SM prediction at the level of 2.5σ [3]. Discrepancy of 2.2σ(2.4σ) has
been observed in RK ∗ measurement by LHCb experiment [4]
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RExpt
K ∗ = Br(B0 → K ∗0μ+μ−)

Br(B0 → K ∗0e+e−)
= 0.66+0.11

−0.07 ± 0.03, q2 ∈ [0.045, 1.1] GeV2,

= 0.69+0.11
−0.07 ± 0.05, q2 ∈ [1.1, 6] GeV2, (10.1)

from their SM predictions [5]. Though the measurements on RK ∗ by Belle Collab-
oration [6] is toward the SM results, the error values are comparatively higher than
the previous LHCb result. Additionally, the mismatch between the measured data
and the SM results are also observed in the two body hadronic decay processes
like B → PP, PV, V V , where P = π, K , η(′) are the pseudoscalar mesons and
V = K ∗,φ, ρ are the vector mesons. Inspired by these anomalies, we would like
to see whether the new physics (arising due to an additional Z ′ boson) influencing
the nonleptonic B decays also have significant impact on rare semileptonic B decay
processes.

The paper is organized as follows. In Sect. 10.2, we discuss the effective Hamil-
tonian of b → sll(qq̄) processes in both SM and in Z ′ model. We also present the
new physics contribution in this section. Section10.3 describes the constraints on
new parameters from the nonleptonic B modes. The impact of new couplings on
B̄ → K̄ ∗μμ is presented in Sects. 10.4 and 10.5 summarize our results.

10.2 Effective Hamiltonian

The generalized effective Hamiltonian for b → sqq̄ process, where q is any light
quark, is given as [7]

Heff = GF√
2

[ ∑
p=u,c

λp(C1O1
p + C2O2

p) − λt

10∑
i=3

(CiOi + C7γO7γ + C8γO8γ)
]

+ h.c,

(10.2)
where GF is the Fermi constant, λp = VpbV ∗

ps , λt = VtbV ∗
ts are the product of CKM

matrix elements. Here O p
1,2 are left-handed current–current operators; O3,...6 and

O7,...,10 are QCD and electroweak penguin operators; and O7γ , O8g are the electro-
magnetic and chromomagnetic dipole operators. The relevant O7,...,10 operators are
defined as

O7(9)=(s̄b)V−A

∑
q

eq(q̄q)V+A(V−A), O8(10)=(s̄αbβ)V−A

∑
q

eq( ¯qβqα)V+A(V−A),

where V ∓ A denotes γμPL(R) with PL(R) = (1 ∓ γ5)/2 are the projection operators
and eq stand for the charge of q quark. The effective Hamiltonian for b → sqq̄
transition in the Z ′ model is given by [8]

HZ ′
eff = 2GF√

2

(
g′MZ

g1MZ ′

)2

BL
sb (s̄b)V−A

∑
q

[
(BL

qq (q̄q)V−A + BR
qq (q̄q)V+A

]
, (10.3)
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where g1(g
′) are the coupling constants of Z (′) boson and BL(R)

bs , BL(R)
qq are the new

couplings. Now, assuming BL(R)
uu � −2BL(R)

dd and comparing the Hamiltonian of Z ′
(10.3) with SM (10.2), we find an extra contribution to the electroweak penguin
sector of nonleptonic decay modes as

ΔCZ ′
9 =

(
g′MZ

g1MZ ′

)2 (
BL
sbB

L
dd

VtbV ∗
ts

)
, ΔCZ ′

7 =
(

g′MZ

g1MZ ′

)2 (
BL
sbB

R
dd

VtbV ∗
ts

)
. (10.4)

The most general effective Hamiltonian describing b → sl+l− processes in the SM
is given by [9]

Heff = −4GF√
2
VtbV

∗
ts

( ∑
i=1,···10,S,P

CiOi +
∑

i=7,···10,S,P

C ′
iO′

i

)
, (10.5)

where Vqq ′ are the CKM matrix elements, Oi ’s are the effective operators and Ci ’s
are the correspondingWilson coefficients. Though onlyO7 andO9,10 operators have
contributions to the SM, additionalO(′)

9,10 can be generated due to the presence of Z
′

gauge boson, defined as

O(′)
7 = e

16π2

[
s̄σμν(ms PL(R) + mbPR(L))b

]
Fμν ,

O(′)
9 = αem

4π

(
s̄γμPL(R)b

) (
l̄γμl

)
, O(′)

10 = αem

4π

(
s̄γμPL(R)b

) (
l̄γμγ5l

)
,

where αem denotes the fine structure. The effective Hamiltonian of b → sl+l− in the
Z ′ model can be written as [10]

HZ ′
eff(b → sl+l−) = −2GF√

2
VtbV

∗
tq

(
g2MZ

g1MZ ′

)2 [
− BL

sbB
L
ll

VtbV ∗
tq

(q̄b)V−A(l̄l)V−A

− BL
qbB

R
ll

VtbV ∗
tq

(s̄b)V−A(l̄l)V+A

]
+ h.c. ,

which after comparing with (10.5) gives additional coefficients as well as new con-
tributions to the SM Wilson coefficients (CZ ′(′)

9,10 ) as

CZ ′
9 (MW ) = −2

(
g2MZ

g1MZ ′

)2 BL
sb

VtbV ∗
ts

(BL
ll + BR

ll ) , (10.6)

CZ ′
10(MW ) = 2

(
g2MZ

g1MZ ′

)2 BL
sb

VtbV ∗
ts

(BL
ll − BR

ll ) . (10.7)
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Table 10.1 The experimental values and SM predictions on the branching ratio of nonleptonic
Bd,s decay modes

Decay processes SM values Experimental values [11]

B̄d → π−K+ 20.11 × 10−6 (1.96 ± .05) × 10−5

B̄d → π0K 0 6.57 × 10−6 (9.9 ± .5) × 10−6

B̄d → ρ0K 0 2.80 × 10−6 (4.7 ± .6) × 10−6

B̄d → ρ−K+ 2.77 × 10−6 (7 ± .9) × 10−6

B̄s → η′η′ 57.53 × 10−6 (3.3 ± .7) × 10−5

B̄s → K 0∗ ¯K 0∗ 3.72 × 10−6 (1.11 ± .27) × 10−5

10.3 Constraints on New Couplings

After getting an idea on new coefficients, we nowproceed to constrain the coefficients
by using the branching ratios of nonleptonic B decay modes. Using the CKMmatrix
elements, particles masses, life time of Bd,s meson from [11], the form factors, decay
constants except fπ = .131, fK = .160 from [12], the predicted SMbranching ratios
of Bd → (π, ρ)K , Bs → η′η′, K ∗K ∗ decay modes, and their respective measured
values are presented in Table10.1.

We consider two cases, (a) BR
dd = 0, which implies ΔCZ ′

7 = 0 (b) BR
dd = BL

dd ,
which implies ΔCZ ′

7 = ΔCZ ′
9 in order to constrain the new parameters. In this

manuscript, we will only discuss the first case. Comparing the theoretical predic-
tions from Table10.1 with their experimental results, the constraints on BL

sb − φL
s

(left panel) and BL
sb − BL

dd (right panel) planes for first case are shown in Fig. 10.1.

10.4 Impact on B̄ → K̄∗µ+µ− Decay Mode

In this section, we present the impact of new parameters constrained from the nonlep-
tonic B modes on the B̄ → K̄ ∗μ+μ− process, which can be completely described in
terms of only four kinematical variables; the lepton invariant mass squared (q2) and
three angles θl , θV and φ, where θl is the angle between l− and B(s) in the dilepton
frame, θV is defined as the angle between K− and B(s) in the K−π+ (K−K+) frame,
the angle between the normal of the K−π+ (K−K+) and the dilepton plane is given
by φ.

The decay rate, forward–backward (AFB) asymmetry and P ′
4,5 observables are

defined as [13]

dΓ

dq2
= 3

4

(
J1 − J2

3

)
, AFB

(
q2

) = −3

8

J6
dΓ/dq2

,

P ′
4 = J4√−J c

2 J
s
2

, P ′
5 = J5

2
√−J c

2 J
s
2

, (10.8)
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Fig. 10.1 Constraints on new parameters from the branching ratios of nonleptonic B processes for
BR
qq = 0 case

Fig. 10.2 The q2 variation of branching ratio (top-left), forward–backward asymmetry (top-right),
P ′
4 (bottom-left) and P ′

5 (bottom-right) observables of B̄ → K̄ ∗μμ process. Here P ′
4|LHCb = −P ′

4

where Ji = 2J s
i + J c

i contain the transversity amplitudes which are the functions
form factors and Wilson coefficients. All the input parameters are taken from [11]
and the form factors from [14].

Using the allowed parameter space from Fig. 10.1, we show the variation of
branching ratio (top-left), AFB (top-right), P ′

4 (bottom-left) and P ′
5 (bottom-right) of

B̄ → K̄ ∗μμ with respect to q2 in Fig. 10.2. Here the dashed blue lines (light blue
bands) represent the SM predictions (uncertainties arising due to the input param-
eters) and orange bands stand for the NP contributions. The experimental results
are shown in black color [1]. We observe that NP contribution provide significant
deviation from their SM results and can accommodate experimental data.
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10.5 Conclusion

We have studied the rare semileptonic B̄ → K̄ ∗μμ in a non-universal Z ′ model. We
constrain the new parameters from the branchings ratios of nonleptonic B decay
modes. We mainly check whether the new physics couplings influencing the nonlep-
tonicmodes also have impact on semileptonic processes.We found that the constraint
from nonleptonic decays significantly affect the branching ratios and angular observ-
ables of B̄ → K̄ ∗μμ process.
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