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Abstract. We perform a model-independent study of c→ sµν mediated transi-
tions to analyze the new physics effects in the presence of right-handed neutri-
nos. We have adopted the effective field theory approach and write the low-
energy effective Hamiltonian including all possible dimension-six operators.
The Wilson coefficients introduced through low energy effective Hamiltonian
encode all New Physics that can enter in c → s transition at the dimension-six
operator level. These Wilson coefficients are determined through a χ2 fit by us-
ing the Miniut package to available experimental data of leptonic D+

s → µ+νµ
and semileptonic decays D0 → K−µ+νµ, D+ → K̄0µ+νµ and D0 → K∗−µ+νµ,
D+ → K̄∗0µ+νµ, D+

s → φµ+νµ. The differential decay width of B+
c → Bsµ

+νµ
is derived to investigate the role of right-handed neutrinos in the search for new
physics through the three-body decay process. We also make the predictions of
q2 spectra for the mode B+

c → Bsµ
+νµ to inspect the effect of the allowed new

physics in c → s sector through right-handed neutrinos to motivate the future
measurements.

1 Introduction

The B+
c meson was first observed by the Collider Detector at Fermilab (CDF collaboration)

[1, 2]. It is an exciting meson for study, because of its structure of heavy quarkonium and
decay via weak interaction. The semileptonic decay B+

c → Bsµ
+νµ have been studied in

the standard model (SM) and for beyond the standard model signal [3]. The observables
in this decay can deviate from the SM predictions when some new physics is present. We
consider the role of the right-handed neutrinos (RHNs) in this decay to investigate the effects
of new physics. Right-handed neutrinos or sterile neutrinos are well-motivated hypothetical
particles that can resolve phenomena beyond the standard model (SM). In B-decays, the
inclusion of right-handed neutrinos is a clean probe to search the NP [4–6]. The extension
of the effective Hamiltonian at low energy scale is done by including right-handed neutrinos,
and in effective field theory, this extension provides a platform to analyse the effect of these
hypothetical particles (RHNs) on the sensitive observables of the pseudoscalar three-body
decay B+

c → Bsµ
+νµ. The right-handed neutrinos are present in the leptonic current, so they

only modify the leptonic current of the decay, which can alter the measurements from the SM
predictions.
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2 Theoretical Framework

2.1 Effective Hamiltonian

The low energy effective Hamiltonian for semileptonic decay B+
c → Bsµ

+νµ induced by the
c→ sµν quark level transistion can be given as:
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+ h.c., (1)

with the left-handed (L) and right-handed (R) neutrino operators given by

OV
LL(R) = (s̄γαPLc)(ν̄µγαPL(R)µ)

OV
L(R)L = (s̄γαPL(R)c)(ν̄µγαPRµ)

OS
LL(R) = (s̄PLc)(ν̄µPL(R)µ)

OS
L(R)L = (s̄PL(R)c)(ν̄µPLµ)

OT
L(R)L(R) = δi j(s̄σαβPL(R)c)(ν̄µσαβPL(R)µ)

(2)

where the PR(L) =
(1±γα)

2 are the projection operators, and Vcs is the corresponding CKM
matrix element. Note that for the tensor operator case leptons and quarks with different
chirality case vanishes identically. The 10 Wilson Coefficients (WCs) CX

AB (X = S,V,T and A,
B = L, R) corresponding to the four fermion operators are defined in Eq. 2.

2.2 Observable

The two fold differential decay width for B+
c → Bsµ

+νµ decay can be given as [4]
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=
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where, q2 = (pµ+ + pνµ ) the square momentum transferred to the muon pair, θµ is the
polar angle between the muon momentum and the z-axis of the B+

c meson momentum, where
muon momentum is in the µ+νµ pair rest frame and B+

c momentum is in theB+
c rest frame

respectively, and λBs is the triangle function given by
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The coefficients L0(q2), L1(q2) and L2(q2) are giving the dependence of decay width on
hadronic helicities amplitudes along with a linear combination of WCs:
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The helicity amplitudes Hs
V,0, Hs

V,t, Hs
S and Hs

T are q2 dependent and their expresssions
with hadrnoic matrix elements are given in [3].

We get the differential decay width as
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3 Numerical Analysis
The form factors f0(q2) and f+(q2) of handronic matrix elements used over the full range of
the q2; 0 < q2 < (MB+

c − MBs )
2. These form factors are computed from the results of Highly

Improved Staggered Quark (HISQ) method and NRQCD, which are given by the truncated
power series of zp [7]:

f (q2) = P(q2)
N∑
n

Anzp(q2)n (8)

with P(q2) =
(
1− q2

M2
res

)−1 is a pole structure function with suitably choosen mass parameter

Mres gives the dependence on q2, and zp

(
q2

)
=

z(q2)
|z(M2

res)| where z(q2) =

√
t+−q2−

√
t+

√
t+−q2+

√
t+

with

t+ =
(
mBc + mBs

)2. An denotes the covriance matrix of the respective form factor.
The new physics Wilson Coefficient (given in Eq. 1) can be constrained by using the available
experimental measurements of the charm decays listed in table 1.

We adopted the χ2 minimization methodology for the best fit value of WCs

χ2(Ci) =
∑

n

[Oth
m (Ci) − O

exp
m ]2

σ2
O

exp
m

(9)

Here Oth(Ci) are the theoretical prediction value for the respective NP Wilson Coefficient Ci.
Oexp is the experimental measurement and σOexp is the corresponding experimental uncertain-
ity. We use the MINUIT library [13, 14] to get the most likely values by minimizing the χ2

function. The standard model χ2 value is 14.94.
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Table 1. Experimental measurements available in charm sector used in our analysis [12].

Mode Branching Fraction
D+

s → µ+νµ (5.50 ± 0.23) ×10−3

D0 → K−µ+νµ (3.41 ± 0.04) ×10−2

D+ → K̄0µ+νµ (8.76 ± 0.19) ×10−2

D0 → K∗−µ+νµ (1.89 ± 0.24) ×10−2

D+ → K̄∗0µ+νµ (5.27 ± 0.15) ×10−2

D+
s → φµ+νµ (1.90 ± 0.50) ×10−2

4 Results

We are considering the assumption that the new physics come only through the second gen-
eration of leptons and the WCs are real. We have analysed the q2 spectrum of differential
branching fraction by considering four different scenarios based on the nature of the medi-
ator particle [4]. The set of four scenarios that we analyze with involved operators are as
follows:

4.1 Scenario 1: Vµ

The vector Boson mediator Vµ(1,1,-1) involves only the one right-handed vector operator
OV

RR. This scenario gives a new contribution with c→ sµνR interaction. The best fit value for
this wilson coefficient with a χ2 = 12.15 is calculated by using Eq. 9 is

CV
RR =

(
− 12.64 ± 3.78

)
× 10−2 (10)

This scenario depends only on one operator, and the branching ratio for semileptonic
decay B+

c → Bsµ
+νµ in this scenario is similar to the SM (figure 1). The new physics band

overlaps entirely with the SM band.
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2 ]

SM
V

Figure 1. q2 spectrum for the Vµ vector boson scenario. The standard model (SM) result includes the
uncertainity of the form factors.The new physics scenario Vµ (grey band) is obtained by adding the
WCs CV

RR.
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4.2 Scenario 2: R̃2

Scenario 2 is for the nature of the mediator particle R̃2 (3,2,1/6) scalar leptoquark. This
scenario provides the NP contribution through CS

RR and CT
RR operators but these operators are

related through the Fierz identity CS
RR = 4rCT

RR where r ≈ 2 at b-quark scale.
The best fit values with χ2 = 1.74 calculated from the Eq. 9 are:

CT
RR =

(
− 8.10 ± 1.11

)
× 10−2 (11)

In this scenario the new physics band is deviated from the SM band and it can provide a
signal of new physics above the q2 = 0.3GeV2 in the q2 spectrum of the branching ratio as
shown in figure 2. In the higher range of q2 ≈ (0.35 - 0.8) the NP band is distinguished from
the SM band.

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
q2 [GeV2]

0.000

0.005

0.010

0.015
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0.025

0.030

dB
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[G
eV

2 ]

SM
R2

Figure 2. q2 spectrum for the R̃2 scalar boson scenario. The standard model (SM) result includes the
uncertainity of the form factors.The new physics scenario R̃2 (grey band) is obtained by using the WCs
CT

RR, CS
RR = 4rCT

RR.

4.3 Scenario 3: S 1

The scenario 3 is for the mediator scalar leptoquark S 1 = (3̄, 1, 1/3) particle. Here the in-
volved right-handed operators are OV

RR, OS
RR and OT

RR. However, in this scenario, the scalar
operator is also related to the tensor operator through Fierz identity relation CS

RR = −4rCT
RR,

so vector and scalar are the two free operators. The best fit values of these operators with χ2

= 1.63 are;

CV
RR =

(
6.95 ± 9.41

)
× 10−2

CT
RR =

(
− 7.57 ± 1.51

)
× 10−2 (12)

This scenario is also giving a deviation of branching ratio q2 spectrum from the SM as
shown in figure 3. The deviation above the q2 = 0.38 GeV2 can be distinguished from the
SM.
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Figure 3. q2 spectrum for the S 1 scalar leptoquark scenario. The standard model (SM) result includes
the uncertainity of the form factors.The new physics scenario S 1 (grey band) is obtained by adding the
WCs CV

RR, CT
RR and CS

RR = −4rCT
RR.

4.4 Scenario 4: Ṽµ
2

The scenario 4 involves only one scalar right handed operator OS
LR and the nature of the

mediator particle is vector leptoquark Ṽµ
2 = (3̄, 2,−1/6). The most likely value (χ2 = 14.43)

of the WCs is

CS
LR =

(
− 0.65 ± 0.45

)
× 10−3 (13)

This scenario is also similar to the SM because the NP band is entirly overlap with the
SM band over the full range of the q2 (figure 4).
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Figure 4. q2 spectrum for the Ṽµ
2 vector leptoquark scenario. The standard model (SM) result includes

the uncertainity of the form factors.The new physics scenario Ṽµ
2 (grey band) is obtained by using the

WCs CS
LR.
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5 Conclusion

The role of the right-handed neutrinos in the semileptonic decay B+
c → Bsµ

+νµ is analyzed
in the low energy effective field theory approach in model independent approach. We con-
strained the new physics by using the available relevant measurements in the charm sector.
We predict the q2 spectrum of the differential branching fraction for four different scenarios
which arises in the models Vµ(1, 1,−1), R̃2(3, 2, 1/6), S 1(3̄, 1, 1/3) and Ṽµ

2 (3̄, 1,−1/6). We
observed that among all the four scenarios, the scenario R̃2 & S 1 provide a enhancement
in the branching ratio. It might be interesting to look for the forward-backward asymmetry
(AFB) which may give distinguish about the different scenarios.
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