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Background and Motivation

B baryon semileptonic decays

1 Examination of SM

(Texting the LFUV)

2 Provide valuable information about the CKM

(For example: |Vcb| of B → D(∗)lνl decays )

3 Hints of new physics

(Leptoquark model, 2HDM, SUSY model etc.)
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Background and Motivation

1 The latest averaged results of RD and RD∗ measured by

HFLAV are

Ravg
D = 0.339± 0.026± 0.014, Ravg

D∗ = 0.295± 0.010± 0.010

RSM
D = 0.298± 0.003, RSM

D∗ = 0.252± 0.005

1.4σ 2.9σ

RD(∗) = B(B→D(∗)τ ν̄τ )

B(B→D(∗){e/µ}ν̄)
, Combined about 3.4σ deviation

2 Most recently LHCb reported the ratio RJ/ψ has also been

measured RJ/ψ = B(Bc→J/ψτν̄τ )
B(Bc→J/ψ{e/µ}ν̄)

= 0.71± 0.17± 018

This result deviates about 2σ away from its SM predictions.
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R(D(∗))Anomaly
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Theoretical Framework

The most general effective Lagrangian for b→ clνl transition

Leff =
−4GF√

2
Vcb[(1 + VL) q̄Lγ

µbL l̄LγµνL + VR q̄Rγ
µbR l̄LγµνL

+ SL q̄RbL l̄RνL + SR q̄LbR l̄RνL + TL q̄Rσ
µνbL l̄RσµννL + h.c.]

We assume the neutrino to be always left chiral and neglect TL.

The four NP coupling parameters are assumed to be complex. In

the SM, VL,R = SL,R = 0
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The form factors

The hadronic matrix elements of vector and axial vector current

〈B2, λ2|c̄γµb|B1, λ1〉 = ū2(p2, λ2)
[
f1(q2)γµ + if2(q2)σµνq

ν + f3(q2)qµ
]
u1(p1, λ1),

〈B2, λ2|c̄γµγ5b|B1, λ1〉 = ū2(p2, λ2)
[
g1(q2)γµ + ig2(q2)σµνq

ν + g3(q2)qµ
]
γ5u1(p1, λ1),

where q = p1 − p2, σµν = i
2

[γµ, γν ],

〈B2, λ2|c̄γµb|B1, λ1〉 = ū2(p2, λ2)
[
F1(w)γµ + F2(w)vµ + F3(w)v′µ

]
u1(p1, λ1),

〈B2, λ2|c̄γµγ5b|B1, λ1〉 = ū2(p2, λ2)
[
G1(w)γµ +G2(w)vµ +G3(w)v′µ

]
γ5u1(p1, λ1),

where w = v.v′ =
(
m2
B1

+m2
B2
− q2

)
/2mB1mB2

The hadronic matrix elements of scalar and pseudoscalar current

〈B2, λ2|c̄b|B1, λ1〉 = ū2(p2, λ2)

[
f1(q2)

q

mb −mc
+ f3(q2)

q2

mb −mc

]
u1(p1, λ1),

〈B2, λ2|c̄γ5b|B1, λ1〉 = ū2(p2, λ2)

[
−g1(q2)

q

mb +mc
− g3(q2)

q2

mb +mc

]
γ5u1(p1, λ1),

( arXiv:1905.13468 )
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The form factors

The relationship of two sets of form factors

f1(q2) = F1(q2) +
(
mB1

+mB2

) [F2(q2)

2mB1

+
F3(q2)

2mB2

]
,

f2(q2) =
F2(q2)

2mB1

+
F3(q2)

2mB2

, f3(q2) =
F2(q2)

2mB1

−
F3(q2)

2mB2

,

g1(q2) = G1(q2)−
(
mB1

−mB2

) [G2(q2)

2mB1

+
G3(q2)

2mB2

]
,

g2(q2) =
G2(q2)

2mB1

+
G3(q2)

2mB2

, g3(q2) =
G2(q2)

2mB1

−
G3(q2)

2mB2

.

with

F1(w) = G1(w) = −
1

3
ζ1(w), F2(w) = F3(w) =

2

3

2

w + 1
ζ1(w), G2(w) = G3(w) = 0.

♣ More details information from ( hep-ph/0604017 )

盛金环 (安阳) HFCPV-2021 November.2021 9 / 21



The helicity amplitudes

H
V/A
λ2λW

= M
V/A
µ (λ2)ε†µ(λW ), Hλ2λW = HV

λ2λW
−HA

λ2λW
, HSP

1
2

0
= HS

1
2

0
−HP

1
2

0
,

HV
1
2

0
= (1 + VL + VR)

√
Q−√
q2

[(
mB1

+mB2

)
f1(q2)− q2f2(q2)

]
,

HA
1
2

0
= (1 + VL − VR)

√
Q+√
q2

[(
mB1

−mB2

)
g1(q2) + q2g2(q2)

]
,

HV
1
2

1
= (1 + VL + VR)

√
2Q−

[
−f1(q2) +

(
mB1 +mB2

)
f2(q2)

]
,

HA
1
2

1
= (1 + VL − VR)

√
2Q+

[
−g1(q2)−

(
mB1

−mB2

)
g2(q2)

]
,

HV
1
2
t

= (1 + VL + VR)

√
Q+√
q2

[(
mB1

−mB2

)
f1(q2) + q2f3(q2)

]
,

HA
1
2
t

= (1 + VL − VR)

√
Q−√
q2

[(
mB1 +mB2

)
g1(q2)− q2g3(q2)

]
,

HS
1
2

0
= (SL + SR)

√
Q+

mb −mc
[(
mB1

−mB2

)
f1(q2) + q2f3(q2)

]
,

HP
1
2

0
= (SL − SR)

√
Q−

mb +mc

[(
mB1

+mB2

)
g1(q2)− q2g3(q2)

]
.

with Q± =
(
mB1 ±mB2

)2 − q2 ( arXiv:1812.08314 )盛金环 (安阳) HFCPV-2021 November.2021 10 / 21



The observables for Ωb → Ωclν̄l(Σb → Σclν̄l)

dB(Ωb(Σb)→ Ωc(Σc)l ν̄l)

dq2
= τΩb(Σb)

dΓ(Ωb(Σb)→ Ωc(Σc)l ν̄l)

dq2
,

AlFB(q2) =

(∫ 0

−1
d cos θl

d2Γ

dq2d cos θl
−
∫ 1

0
d cos θl

d2Γ

dq2d cos θl

)/ dΓ

dq2

ClF (q2) =
1

dΓ/dq2

d2

d(cos θl)2

(
d2Γ

dq2d cos θl

)
,

P
Ωc(Σc)
L (q2) =

dΓλ2=1/2/dq2 − dΓλ2=−1/2/dq2

dΓ/dq2
,

P lL(q2) =
dΓλτ=1/2/dq2 − dΓλτ=−1/2/dq2

dΓ/dq2
,

RΩc(Σc)(q
2) =

dB(B1 → B2τ ν̄τ )/dq2

dB(B1 → B2l ν̄l)/dq2
.

♣ dΓ(Ωb(Σb)→Ωc(Σc)l ν̄l)

dq2
, dΓλ2=±1/2/dq2 and dΓλl=±1/2/dq2 are from (arXiv:1812.08314).

♣ 〈B〉, 〈AlFB〉, 〈C
l
F 〉, 〈P

l
L〉, 〈P

Ωc(Σc)
L 〉 and 〈RΩc(Σc)〉.
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Constraints on the NP parameters

Four NP coupling parameters are assumed to be complex and considered

only one NP parameter one time.

Four NP coupling parameters are constrained from the latest

experimental values of B(B → D(∗)lν̄l), RD(∗) and RJ/ψ.

( arXiv:1212.1878, arXiv:1309.0301 )
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Constraints on the NP parameters

The real-imaginary and modulus-phase of the four complex NP parameters

VL VR SL SR
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Constraints on the NP parameters

VL − SL

VR − SL
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Predictions for observables

The SM central values for various observable of Ωb → Ωclν̄l and

Σb → Σclν̄l

♣ The behaviors of each observable as a function of q2 for Ωb → Ωclν̄l

and Σb → Σclν̄l within SM and within various NP scenarios are similar

to each other.
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Predictions for observables

The q2 dependent of various observables in the SM

♣ the red dot dash line, blue and green line represent the e, µ and τ .
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VL VR SL SR

dΓ/dq2

AFB(q2)

CτF(q2)

P τL (q2)

PΩc
L (q2)

RΩc
(q2)
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Summary and Conclusive

Using the NP coupling parameters constrained from the latest

experimental results of B(Bc)→ D(∗)(J/ψ)lνl processes, we have

performed a model-independent analysis of the NP effects in the

Ωb → Ωclνl and Σb → Σclνl decays. , we find

The regions for the four NP coupling parameters of the vector and

scalar operators are obtained from the latest experimental results

within 2σ along with the limit B(B → D(∗)lν̄), RD(∗) and RJ/ψ.

The SM center values for observables and the behaviors of each

observables as a function of q2 for Ωb → Ωclν̄ and Σb → Σclν̄ are

similar.
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Summary and Conclusive

In four NP scenarios, it is clear to find that dΓ/dq2 including any

kind of NP couplings are all enhanced largely and have significant

deviations. In the VL scenario, AτFB(q2), CτF (q2), P τL(q2), PΩc
L (q2)

and RΩc(q
2) are the same as their corresponding SM predictions.

For other three NP scenarios, all angular observables have

significant deviations from their SM predictions.

Thanks for your attention!
jinhuanphy@aynu.edu.cn
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