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The Vxb puzzle, or
Uli and the semileptonic decays ...
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Opening Remarks ...

In 1994, the TTP decided to hire a flavor physicist ...
... and they chose me!
I joined TTP at Karlsruhe University (TH) in November 1993
In 2003 I moved on to the University of Siegen
... and in 2005 Karlsruhe hired Uli:
A Perfect choice to carry on Flavor Physics!
Not only that: Karlsruhe became Excellent!
... and turned in to KIT!
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Introduction

Why is flavor physics interesting?
Exploration of weak interactions

Precision methods for heavy quarks

High sensitivity to indirect hints at “New
Physics”

Since recently: A lot of fun with B anomalies

What are the B Anomalies?
Small deviations from the SM expectations

not significant enough to count as evidence

... but persistent enough to be scrutinized
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Introduction

Why is flavor physics interesting?
Exploration of weak interactions

Precision methods for heavy quarks

High sensitivity to indirect hints at “New
Physics”

Since recently: A lot of fun with B anomalies

What are the B Anomalies?
Small deviations from the SM expectations

not significant enough to count as evidence

... but persistent enough to be scrutinized

On the fun deck: This as New Physics!

On the machine deck: Check the SM!
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The current list of B anomalies

The angular distribution in FCNC B → K ∗`+`− decays
The total & partial rates in FCNC B → K ∗`+`− decays
The rate of exclusive semi-tauonic decays
Exclusive vs. inclusive determinations of Vxb

(Plot taken from the CmF proposal)

Thomas Mannel, University of Siegen The Vxb puzzle



Vxb Puzzle
Semitauonic Anomaly

Charged Current Semileptonic Anomalies

b → c/u`ν̄ is a tree level process
People believe that it is unlikely to be “New Physics”
... Except maybe the semitauonic anomaly
Go back to the machine deck and scrutinize the Standard model

Current status
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The Vxb-Puzzle I: Inclusive Vcb

First thing: Go back and read the relevant literature:

... a lot has happend since then!
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Theoretical machinery: Heavy Quark Expansion

HQE of inclusive rates and moments
Use the HQE for the total rate and the moments
The total rate is ∝ |Vcb|2

Use kinematic moments to extract the HQE parameters
Structure of the differential rate
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Total rate as well as kinematic moments have a HQE
... more details from Keri’s presentation.
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Status of the HQE Calculation in B → Xc`ν̄

Tree level terms up to and including 1/m5
b known

Bigi, Zwicky, Uraltsev, Grimm, Kapustin, Turczyk, Vos, Milutin, ThM, ...

O(αs), O(α2
s), O(α3

s) for the partonic rate and spectral moments are known
Biswas, Melnikov, Czarnecki, Pak, Fael, Schönwald, Steinhauser ...

O(αs) for 1/m2
b is known for rates and spectra

Becher, Boos, Lunghi, Gambino, Pivovarov, Rosenthal, Alberti

O(αs) for 1/m3
b is known for rates and spectra Pivovarov, Moreno, ThM

Vcb,incl = (41.83± 0.47)× 10−3
(Finauri, Gambino: 2310.20324)

We are moving towards a TH-uncertainty of 1% in Vcb,incl !

Details start to matter:
How well do we know the quark mass? and What about Duality Violations?
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Exclusive Vcb

Need the form factors for B → D(∗)`ν̄ transitions

Reliable and precise Lattice Calculations, not only at v = v ′

Extrapolations based on parametrizations based on unitarity and analyticity
Constraints from the heavy-quark limit
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|Vcb| = (39.2± 0.4stat ± 0.6sys ± 0.5th)× 10−3 from B → D`ν̄
|Vcb| = (40.7± 0.7)× 10−3 from B → D`ν̄ from B → D∗`ν̄ (M. Prim at FPCP2026)

Still some inconsitencies between the different lattice groups ...
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New Ideas: Vcb from on-shell W decays

|Vcb|2 =
Br(W → b̄c)

Br(W → b̄q)
=

Br(t t̄ → bb̄c, b̄`ν̄)

Br(t t̄ → bb̄q, b̄`ν̄)

Not yet competitive, but at the end mainly statistically limited (P. Harrison at FPCP2026)
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Inclusive Vub

Key ingredient: Fighting the backgound from b → c`ν̄:

Cut on the charged lepton energy, or
on P` = MB − 2E`
Cut on the hadronic mass
Cut on the hadronic energy and
hadronic momentum:
P± = Ehad ∓ |~Phad |

M2
π

P−
≤ P+ ≤ P` ≤ P− ≤ MB

(Bosch, Lange, Neubert, Paz 2005)

The region of small P+ does not have a (local) OPE,
Local OPE gets replaced by a light-cone OPE similar to DIS
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Shape Functions

Non-perturbative input are now “shape functions”:
leading order S(ω) = 〈B(v)|h̄vδ(ω − inD)hv |B(v)〉
Decay rate at leading order is dΓ

dP+
∝ S(P+)

Several shape functions at subleading order
This has several consquences

The nonperturbative input is much more complicated
The shape functions induce a model dependence
Inclusive Vub is (currently?) much less reliable and precise
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There are two aproaches of this kind on the market:

GGOU Gambino, Giordano, Ossala, Uraltsev (2007)

Subleading shape functions are treated by a
model function

Includes NLO and NNLO QCD corrections

|Vub| =
(

4.19± 0.12+0.11
−0.12

)
× 10−3

BLNP Bosch, Lange, Neubert, Paz (2004)

Subleading shape functions are included
systematically and related to the
leading-order shape function

Includes NLO QCD corrections, NNLO is
known, but not (yet) implemented

Work in progress on a major update

|Vub| =
(

4.28± 0.13+0.20
−0.21

)
× 10−3

Some new ideas to use the local OPE instead ...
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Exclusive Vub

The relevant channels are B → π`ν̄ and B → ρ`ν̄:
B → π`ν̄:

Only a single form factor (for massless leptons)
Reliable Lattice simulations in the region close to q2

max = (MB −Mπ)2

Reasonably good light-cone sum-rule estimates in the region close to q2
min = 0

Interpolation with form factor parametrizations using unitarity and analyticity
B → ρ`ν̄:

Four form factors (for massless leptons)
The ρ is unstable and quite broad
B → ρ`ν̄ is actually B → ππ`ν̄

... this is way more complicated!
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dΓ

dq2 =
G2

F |Vub|2

24π3 |~pπ|3|f+(q2)|2

|Vub| = (3.70± 0.10± 0.12)× 10−3
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Semitauonic Anomaly: B → Dτν and B → D∗τν
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Uli definitively also spends some time on
the fun deck!
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However ... a new re-analysis of BaBar data:

(G. Eigen at FPCP 2026)
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At the end:

Let have some more fun with flavor and see, where the ship of flavor theory goes.
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