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Why Standard Model of Particle Physics ?

• Standard Model (SM) → describes

electromagnetic, weak, and strong and

explains fundamental particles quarks,

leptons, and gauge bosons.

• SM → doesn’t include gravity (Einstein

1915).

• Neutrino oscillation experiments → neutrinos

have nonzero masses, contradicting the SM

(Super-Kamiokande 1998; SNO Collaboration

2001) Standard Model of Elementary

Particles
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Motivation from Experimental Anomalies

• Recent Measurements of R(D) and R(D→)
show a combined deviation of approximately
3.8ω from Standard Model (SM) predictions
(HFLAV 2024) .

R(D) =
B(B → Dε→ϑω )

B(B → Dϖ→ϑε)
(ϖ = e, µ)

R(D↑) =
B(B → D↑ε→ϑω )

B(B → D↑ϖ→ϑε)
(ϖ = e, µ)

Observable SM Prediction Measurement (WA)

Rω/ε
D→ 0.254± 0.005 0.287± 0.012

Rω/ε
D 0.298± 0.004 0.342± 0.026

Rµ/e
D→ ↑ 1.0 0.990± 0.021± 0.023

Flavor anomalies

3 / 23



Why Study B Decays?

• The decay B → D→ϖϑ has been precisely measured across multiple experiments,

enabling strong experimental control (Belle II Collaboration, LHCb Collaboration)

• Right–handed neutrinos can help explain the R(D) and R(D→) anomalies, and

studies show that angular observables are especially sensitive to RH–neutrino

e!ects (Mandal et al., 2020).

• The forward–backward asymmetry ”AFB in B̄0→D→+µ↑ϑ̄ shows deviation

from the SM, motivating detailed NP studies and improved Monte Carlo tools

(Bhattacharya et al., 2022).
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E!ective Hamiltonian and Amplitude

• Interaction → right-handed current that couples

right-handed leptons to right-handed quarks.

• The e!ective Hamiltonian is:

He! =
4GFVcb↓

2
CVRR (c̄ϱ

ϑPRb) (ϖ̄ϱϑPRN) (1)

where PR = 1+ϖ5

2 and N, right-handed neutrino

• Using this Hamiltonian, the invariant amplitude is

constructed as:

M(B → D→ϖN) =
4GFVcb↓

2
CVRR ↔D

→|c̄ϱϑPRb|B̄↗(ϖ̄ϱϑPRN)

(2)

• BGL parameterization for Hadronic Form Factors

Feynman diagram
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New Physics Implementation In EvtGen

• EVTGEN → heavy–flavor decay generator

in B-factory experiments.

• Our work uses a new EvtGen model →
BTODSTARLNUNP, supports both SM and

NP decay.

• NP Couplings → (CVLL, CVRR) directly inside

the user decay file.

Example: EvtGen NP decay file
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Simulation Setup

• Studied the decay channel → B+ → D̄→0e+ϑe

• Generated 10 million events → right-handed neutrino masses

mN = 0.1, 0.5, 1.5 GeV.

• Simulations were performed → NP decay model BTODSTARLNUNP with

CVRR = 1

• For each mass point → full set of distributions was reconstructed for:

q2, CosςD→ , Cosςε, φ

• The resulting distributions were compared with Standard Model predictions
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q2 Distributions

• Event rates are suppressed at low q2, peak at intermediate values, and fall o!

toward higher q2.

• For the mass (0.5 GeV) show smaller but noticeable di!erences.
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(a) mN = 0.1 GeV
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(b) mN = 0.5 GeV
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q2 Distributions
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(c) mN = 1.5 GeV

• The deviation is strongest for the heavier case (mN = 1.5 GeV), where the NP

curve is broader and peaks higher.
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CosςD→ Distributions

• The angular distribution shows a clear trend where the event rate peaks near the

extremes of CosςD→ = ±1 producing a characteristic “U-shaped” angular

distribution.
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(a) mN = 0.1 GeV
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(b) mN = 0.5 GeV
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CosςD→ Distributions
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(c) mN = 1.5 GeV

• NP distribution shows a clear deviation from the SM shape for higher mass.
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Cosςε Distributions

• For mN = 0.1 and 0.5 GeV, the events increases from Cosςε = ↘1 to +1.

• Deviation from SM is mild for these lighter masses.
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(a) mN = 0.1 GeV
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(b) mN = 0.5 GeV
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Cosςε Distributions

EvtGen

Theoretical

SM

-1.0 -0.5 0.0 0.5 1.0
0

100000

200000

300000

400000

Cosθl

E
ve
nt
s

(c) mN = 1.5 GeV

• NP distribution at mN = 1.5 GeV shows noticeable deviation from SM.
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φ Distributions

• For the smaller masses (mN = 0.1 & 0.5 GeV), the φ distribution shows a smooth

sinusoidal pattern.
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(a) mN = 0.1 GeV
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φ Distributions
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(c) mN = 1.5 GeV

• For the heavier mass (mN = 1.5 GeV), the φ distribution keeps the same sinusoidal

shape but with a larger di!erence from the SM.

• NP rises higher than the SM in parts of the oscillation.
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Conclusion

• Compared to the SM, NP distributions show clear shape di!erences in q2,

CosςD→ , Cosςε, and φ.

• The deviation from the SM increases with the RH–neutrino mass, with the largest

e!ects at mN = 1.5 GeV.

• Overall, RH neutrinos produce detectable changes in semileptonic B decays,

making these channels valuable probes of new physics.
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Future Work

• Extend the study to the full Low-Energy E!ective Theory (LEFT) operator basis

(left/right currents, scalar, vector, tensor).

He! =
4GFVcb↓

2



OV
LL +

∑

X=S,V ,T ;ϑ=L,R;ϱ=R

CX
ϑϱ OX

ϑϱ





• Calculate the angular observables (AFB, S3, S5, etc.).
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Thank You for Listening

Questions are welcome.
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Decay Kinematics of B → D↑µN

• Coordinate axes are chosen such that the B̄

meson is at rest and the D→ momentum

points along the z–axis.

• D→ → D↼ decay plane → defines the angle

ςD→ (angle between D direction and B

direction in the D→ rest frame).

• W → → ϖϑ decay plane → gives the angle ςε
(angle between the lepton and W → direction

in the leptonic rest frame).

• Relative orientation of the two planes →
produces the azimuthal angle φ.

• q2 = (pε + pς)2 is the invariant mass squared

of the lepton–neutrino system.

θ*

θℓ

χ

B
ν
-

ℓ-

D

π
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z

Schematic diagram defining the

various kinematic angles in the

decay B̄ → D↑(→ D↼) ϖ→ ϑ̄.
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Hadronic Form Factors

The hadronic part of the amplitudes can be expressed by dressing the quark bilinears

with the initial and final state mesons as:

↔D→(k , ↽)|(c̄ϱϑb)|B̄(p)↗ = ↘i⇀ϑϱϖφ ↽
→ϱpϖkφ

2V (q2)

mB +mD→
, (3)

↔D→(k , ↽)|(c̄ϱϑϱ5b)|B̄(p)↗ = ↽→ϑ(mB +mD→)A1(q
2)↘ (p + k)ϑ(↽

→ · q) A2(q2)

mB +mD→

↘ qϑ(↽
→ · q) 2mD→

q2
(
A3(q

2)↘ A0(q
2)
)
. (4)

Here, A0(q2), A1(q2), A2(q2), A3(q2), and V (q2) are hadronic form factors govern-

ing the B → D→ transition, these are BGL (Boyd–Grinstein–Lebed)paramertized(Boyd,

Grinstein & Lebed, 1997).
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Full Angular Distribution for B → D↑(→ D↼) ϖN

• For nonzero mN , the four–fold di!erential decay rate is (Datta, Liu & Marfatia,

2022):

d4#D→

dq2 d cos ςε d cos ςD→ dφ
=

3

8↼

∑

i

Ii (q
2,C ,mN) fi (cos ςε, cos ςD→ ,φ). (5)

• Expanding this expression yields:

d4#D→

dq2 d cos ςε d cos ςD→ dφ
=

3

8↼

[
(I1s + I2s cos 2ςε + I6s cos ςε) sin

2 ςD→

+ (I1c + I2c cos 2ςε + I6c cos ςε) cos
2 ςD→

+ (I3 cos 2φ+ I9 sin 2φ) sin
2 ςD→ sin2 ςε

+ (I4 cosφ+ I8 sinφ) sin 2ςD→ sin 2ςε

+ (I5 cosφ+ I7 sinφ) sin 2ςD→ sin ςε
]
.

(6)
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Full Angular Distribution for B → D↑(→ D↼) ϖNcontd ...

• Similarly angular observables in terms of five I functions is given as

AD→
FB(q

2) = ↘
I6s(q2) +

1
2 I6c(q

2)
d”D→
dq2

(7)

Si (q
2) =

Ii (q2)
d”D→
dq2

, i = {3, 4, 5, 7, 8, 9} (8)
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