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According to ChatGPT ...
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The Basic Questions

Q1: What is the origin of the hierarchies in the SM sources of flavor violation?
Q2: Are there other sources of flavor violation beyond the SM?

Wolfgang Altmannshofer (UCSC) The Future of Flavour Physics May 10, 2023 4 / 22



The Basic Questions

Q1: What is the origin of the hierarchies in the SM sources of flavor violation?

Q2: Are there other sources of flavor violation beyond the SM?

Wolfgang Altmannshofer (UCSC) The Future of Flavour Physics May 10, 2023 4 / 22



The Basic Questions

Q1: What is the origin of the hierarchies in the SM sources of flavor violation?
Q2: Are there other sources of flavor violation beyond the SM?

Wolfgang Altmannshofer (UCSC) The Future of Flavour Physics May 10, 2023 4 / 22



·

Should we do more flavour model building?

Is there “intrinsic” value in
precision determinations of CKM parameters?
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The Future

The Near Future:

“RK and RK∗ are gone. What now?”

The Midterm Future:

What will we learn with 50 ab−1 from Belle II?
What with 300 fb−1 from LHCb?
Kaons (NA62, KOTO), pions (PIONEER), muons (mu2e)
Will there be a super tau charm factory?

The Far Future:

What comes after that?
Flavour program at FCC-ee/CEPC? FCC-hh/SppC? Muon collider?
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Not All Anomalies Are Gone
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The Role of Vcb

30 35 40 45

|Vcb incl.

|Vcb excl.

Bs→μμ

B→Xsγ

Bs→ϕμμ @ high q2

B→K *μμ @ high q2

B→Kμμ @ high q2

Bs→ϕμμ @ low q2

B→K *μμ @ low q2

B→Kμμ @ low q2

|Vcb| × 103

|Vcb| from all

rare decays

WA, Lewis 2112.03437

I Predictions for b → sµµ
rates depend sensitively
on |Vcb|.

I Since many years there
are tensions between
inclusive and exclusive
determinations of Vcb.

I The rare B decay rates
could be partially
explained by a
(very) low |Vcb|.

I Why do almost all rare
decay fits use the
inclusive Vcb value?
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Controlling Hadronics: B → K Form Factors

I B → K form factors are determined
with percent level precision from
lattice calculations!

Fermilab/MILC 1509.06235

HPQCD 1306.2384, 2207.12468

I I get a bit nervous seeing such a
high precision. Do we really trust
them?

[On the right I am ploting the form factors
from the combination by Becirevic,

Piazza, Sumensari 2301.06990
with 2σ uncertainties]
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Controlling Hadronics: B → K ∗ Form Factors

I LCSR + lattice combinations by

Bharucha, Straub, Zwicky 1503.05534

Gubernari, Kokulu, van Dyk 1811.00983

Gubernari, Reboud, van Dyk, Virto 2206.03797

I Uncertainties around 5% - 10%

I How reliable are the uncertainties?
What even is a B → K ∗ form factor?
Better to do B → Kπ?

[On the right I am ploting
form factors from BSZ ]
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Controlling Hadronics: “Charm Loops”

[Note: This is highly
oversimplified]

Parameterize them
and fit them to data

and/or theory
calculations

How reliable are the
theory calculations?

How flexible are the
parameterizations of
the non-local effects?
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·

Is there too much focus on Anomalies?
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Looking Ahead
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(Some) Expected Results from Belle II
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(Some) Expected Results from LHCb
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b → d`` Decays at LHCb
In the future expect a b → d`` program that

parallels the effort for b → s`` decays

this includes many processes:

B0 → µ+µ− , B+ → π+`+`− , B0 → π+π−`+`− , Bs → KS`
+`−,

Bs → K ∗(→ Kπ)`+`− , Λb → pπ`+`−

and many observables:

branching ratios, angular distributions, LFU ratios

Rπ =

∫ q2
max

q2
min

dq2 BR(B → πµ+µ−)∫ q2
max

q2
min

dq2 BR(B → πe+e−)

already existing measurements of b → d processes can be used to
probe new physics (Rusov 1911.12819; Bause, Gisbert, Golz, Hiller 2209.04457)

b → d will become the new b → s (after high-lumi phase, will have
∼ comparable statistics for b → d as there is now for b → s)
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Landscape of Future Colliders
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Circular e+e− Colliders are Flavor Factories

Running on the Z pole allows one to probe the
flavor structure of Z couplings with extreme precision.

In addition one gets very large samples of
all b hadrons, c hadrons, τ ’s

with large boost in a clean environment.

Running at higher
√

s can probe e.g.
FCNC single top production or lepton flavor violating

4-fermion contact interactions

⇒ unique sensitivity to a large number of flavor
processes that are not accessible at LHC(b) or Belle II
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b Hadrons from 1013 Z bosons

FCC-ee Snowmass Whitepaper 2203.06520

I CEPC vs. Belle II:
order of magnitude more B+ and B0, unique opportunities for Bs, Bc ,
and Λb.
bb̄ from Z decays are highly boosted.

I CEPC vs. LHCb:
lower yields at CEPC, but cleaner environment.
much easier access to final states with neutrals (π0, γ, neutrinos).

Bs → ττ , B → K ∗ττ , Bs → φνν̄ , Bc → τν , ...
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A Muon Collider?

talk by D. Schulte @ Muon Collider Agora, Feb 16 2022
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