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Theory at the 2025 Belle II Physics Week

Wolfgang Altmannshofer: EWP B decays with missing energy in
the SM

David Marzocca: New Physics in EWP B decays with missing E

Claudia Cornella: Interplays with B → Kττ,B → ττ , and
K → πνν̄

Chris Bouchard: LQCD results for rare B-decays with missing
energy

Danny van Dyk: Unitarity Bounds for Hadronic Form Factors

Hector Gisbert: Charm decays with missing energy (NP and SM)

Hector Gisbert: Introduction to c → uνν̄ decays

Hector Gisbert: Introduction to b → dνν̄ decays

Olcyr Sumensari: B → K (∗)νν̄ in SM and observables beyond rate

Jack Jenkins: B → Xsνν̄ in SM

Martin Novoa-Brunet: Probing CP Violation in b → sνν̄ decays

Michael Schmidt: BSM for B → Kνν̄ & related anomalies

Patrick Bolton: Impact of new particles on missing energy B decays

13 presentations by theorists
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Motivation: Flavor is Puzzling

[David Marzocca]
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Heavy and Light New Physics

new physics could be heavy
mNP � mB

new physics only shows up as
virtual particles

can capture the effect of all
possible new physics models
using EFTs

new physics could be light
mNP < mB

new physics particles are
produced on-shell in the B
decays

axions, sterile neutrinos, dark
photons, ... (could have entire
dark sectors containig many
light particles)
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Heavy New Physics and SMEFT

[David Marzocca]

Wolfgang Altmannshofer (UCSC) Physics Week Summary: Theory October 10, 2025 5 / 37



Light New Physics and Dark Sectors

Dark matter could consist of light fermions
Dark photons could be a mediator between dark matter and the SM
light axions motivated by the strong CP problem and can show up in
flavour models (“axiflavons”)
...
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Complementarity of Rare Decays

Are there BSM sources of flavor violation?
What structure do they have?

What is their origin?
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Searching for New Physics with Rare Decays

Example: heavy new physics in rare b → sνν̄ decays

Mismatch between experiment and SM prediction
indicates new physics and provides a scale!
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The Issue with Vcb

[Marcella Bona]

Wolfgang Altmannshofer (UCSC) Physics Week Summary: Theory October 10, 2025 9 / 37



The SM Wilson Coefficient for b → sνν̄

In the SM there is a
single Wilson coefficient
relevant for the b → sνν
decays

CL = − 1
s2

W
Xt

known at NLO in QCD
and NLO in EW
interactions;
NNLO QCD corrections
will be available very
soon.

[Jack Jenkins]
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Inclusive vs Exclusive

inclusive:

B → Xsνν̄

at leading order the decay rate
is given by the quark level
decay rate.
corrections are calculated using
heavy quark expansion

exclusive:

B → K (∗)νν̄

Bs → φνν̄

Λb → Λνν̄

...

hadronic physics is captured by
local transition form factors.
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The Inclusive Decay B → Xsνν̄

[Jack Jenkins]
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The Inclusive Decay B → Xsνν̄

[Jack Jenkins]
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Formfactors for Exclusive b → s Decays

[Chris Bouchart]
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Form Factor Parameterizations Including Unitarity

[Danny van Dyk]
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Lattice Calculations of Form Factors

[Chris Bouchart]

Wolfgang Altmannshofer (UCSC) Physics Week Summary: Theory October 10, 2025 16 / 37



SM Predictions for the Branching Ratios

[Olcyr Sumensary]
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Predictions for Differential Rates

[Olcyr Sumensary]
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Scalar and Tensor Operators

[David Marzocca]
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Longitudinal Polarization Fraction in B → K ∗νν̄

[Olcyr Sumensary]
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Forward Backward Asymmetry in Λb → Λνν̄

All observables in the meson
decays depend on two
combinations of Wilson
coefficients
|CL + CR | and |CL − CR |
A↑FB in Λb → Λνν̄ depends on an
independent combination
|CL|2 − |CR |2
→ complementary information
To measure this, need polarized
Λb from Z decays at FCC-ee ...

WA, Gadam, Toner 2501.10652

dBR(Λb → Λνν̄)

dEΛd cos θΛ
=

dBR(Λb → Λνν̄)

dEΛ

(
1
2

+ A↑FB cos θΛ

)
(θΛ is the angle between the Λb spin and the Λ momentum)
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CP Violation in b → sνν̄

[Martin Novoa-Brunet]
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CP Violation in b → sνν̄

[Martin Novoa-Brunet]
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Evidence for B → Kνν̄

Belle II 2311.14647

I Evidence for B → Kνν̄ at 3.5σ above background and 2.7σ above
the SM prediction.

I Excess of events is particularly pronounced around q2 ' 4 GeV2.

Wolfgang Altmannshofer (UCSC) Physics Week Summary: Theory October 10, 2025 24 / 37



Theorists Having Fun

[Michael Schmidt]
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Heavy New Physics Interpretation

[David Marzocca]
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B → Kνν̄, K → πνν̄, and RD(∗)

[David Marzocca]
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Complementarity with Collider Searches

[Claudia Cornella]
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Complementarity with Electroweak Precision

[Claudia Cornella]
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Light New Physics

[Patrick Bolton]
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Light New Physics

[Patrick Bolton]
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Dark Matter and Axion Mediator

[Michael Schmidt]
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Dark Matter and Z ′ Mediator

[Patrick Bolton]
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Don’t Forget c → uνν̄!

[Hector Gisbert]
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Many Opportunities with Rare Charm Decays

[Hector Gisbert]
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Final Remark

One of my first papers as a graduate student, 16 years ago:

It is happening!

I look very much forward to more b → sνν̄ results from Belle II!
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.

Thank You!
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