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Overview of topics covered:

B → Kπ puzzle and a possible solution

Interesting observables in Semileptonic B Decays

Hadronic three-body B decays in light of SU(3)F Symmetry
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B → Kπ: The puzzle in short

* Amplitudes: A = A1 + A2 e
iϕ eiδ and Ā = A1 + A2 e

−iϕ eiδ

⇒ CP Asymmetry: ACP =
|Ā|2 − |A|2

|Ā|2 + |A|2
∝ sin(ϕ) sin(δ)

* Consider processes:

B+ → π0K+ A0+ = − T ′ eiγ + P ′
tc − P ′

EW (P ′
EW ∝ T ′)

B0
d → π−K+ A−+ = − T ′ eiγ + P ′

tc

⇒ ACP(B
+ → π0K+) = ACP(B

0
d → π−K+) in Theory!

* Experiment:

A0+
CP = 0.025± 0.016 2012.12789

A−+
CP = −0.084± 0.004 1805.06759 ∼ 6.5σ discrepancy!
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http://arxiv.org/abs/2012.12789
http://arxiv.org/abs/1805.06759


B → Kπ: The puzzle
4 B → Kπ processes with 9 observables

Decay BR ACP SCP

B+ → π+K0 ✓ ✓
B+ → π0K+ ✓ ✓
B0

d → π−K+ ✓ ✓
B0

d → π0K0 ✓ ✓ ✓

Fit with several theory parameters (usually) results in a bad �t.
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The B → Kπ puzzle: A solution (2104.03947)!

* Consider an ALP (2104.03947):

L ⊃ − i
∑

f=u,d,l

ηf
mf

fa
f̄γ5fa+ . . .

→ ma ≃ mπ0 and ALP promptly decays to γγ

→ Mixes with the π0: |a⟩ = sin θ
∣∣π0

〉
phys

+ cos θ |a⟩phys
→ B → Kπ0 processes get new contribution: A = |A|eiπ/2√

2A0+ = . . .+A;
√
2A00 = . . .+A

→ Leads to a good �t with |A| ∼ P ′
EW

→ Constraint from B → Ka (B → K + invis):

B ∼ 10−5 ⇒ sin θ ∼ 0.1 � 0.2

* Work in progress: How to detect an ALP with mass close to mπ0

in other �avor processes.

B Bhattacharya (LTU) NP in B Decays May 10, 2022 5 / 13

http://arxiv.org/abs/2104.03947


Semileptonic B decays: Anomalies

* Ratio anomaly in B → D∗τν/B → D∗ℓν (∼ 3σ)

* E�ective 4-body decay with 4 kinematic variables

� leverage angular observables for NP searches

d4Γ

dq2d cos θ∗d cos θℓdχ
∝

∑
i=1,...9

Ii(q
2) Ωi(θ

∗, θℓ, χ)

* 2104.02094 indicated new ∼ 4 σ anomaly in Belle 2018 data

→ Forward-backward asymmetry for lepton:

di�erence in events with cos θℓ > 0 and < 0

→ Ω6 ∝ cos θℓ ⇒ AFB ∝ I6

→ Measure AFB in both µ− and e− channels

→ ∆AFB = Aµ
FB −Ae

FB sensitive to NP
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http://arxiv.org/abs/2104.02094


B Anomalies: A Monte-Carlo tool (2203.07189)

* Snowmass Contributed Paper on Monte-Carlo event generator:
2203.07189

* E�ective Field Theory approach with dimension 6 NP operators:

(b̄Γc)(µ̄ΓLν) where ΓL = (1− γ5)/2

and Γ = Left/Right Scalar/Vector/Tensor

* MC tool based on EvtGen: generates B → D∗ℓν events

→ Obtain ∆AFB as a function of q2: distinguish models

→ ∆AFB free from Form Factor e�ects

→ Correlated with other ∆ observables � such as S5
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http://arxiv.org/abs/2203.07189


B Anomalies: A Monte-Carlo tool (2203.07189)

* Details in talk by Q. Campagna (BSM IV Session)
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Hadronic B Decays: The CKM Angle γ

* Large experimental uncertainty in γ ∼ 6◦

* LHCb will signi�cantly reduce this uncertainty over the next decade

* May reveal tension � �nd corroborating information from other
methods
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3-body B Decays: Fully-symmetric state

* 1303.0846, 1812.06194 showed that three-body B decays can be
used to extract γ

* Amplitudes are momentum dependent � study on a Dalitz plot

* Unknowns: 4 SU(3) amplitudes (momentum dependent) + γ

* Observables: 9 per Dalitz plot point

* Fit to extract γ
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http://arxiv.org/abs/1303.0846
http://arxiv.org/abs/1812.06194


3-body B Decays: Fully-antisymmetric state
* Work in progress with undergraduate student

✓ Find �avor-SU(3) representations of ⟨B|H |PPP ⟩FA
B → (P1P2P3)FA with |P1P2P3⟩ = − |P2P1P3⟩.

→ Find reduced set of
SU(3) amplitudes

→ Establish γ extraction
method
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Outlook

* Several new directions to search for NP in B decays

* With more precision data from experiments expect to �nd more
tensions

* Correlated information from many discrepancies will lead to �nd-
ing NP
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Thank You!
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Back-up Slides
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B → Kπ �t with ALP-π0 mixing
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B → D∗ℓν angular observables
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3-body B Decays: Fully-symmetric state
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