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in the SM

Loop    &    CKM    &    sometimes GIM    &    sometimes chiral

High EXP & TH accuracies attainable  large # of observables

FCNCs rank among the very best probes 
of beyond-SM effects



  
Why flavour a prime sector for new physics

 Take meson mixings as an example

+  ...

Typical scales probed are  1000 TeV≳

TeV-scale effects require accidental symmetries

&
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Flavour puzzle?  Favour problem?

 We’re often focused on the flavour puzzle:

Explaining why quark and lepton masses and mixings are what they are

 There’s a separate (and burning) flavour problem:

We can expect them to not hold for BSM dynamics 

The global near-symmetries ruling the SM flavour sector are accidental

– at whatever scale it may play out

If this BSM scale is not far from 10 TeV

Why do hundreds of flavour observables fit so well the SM predictions?
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By the same logic

it is reasonable to expect

BSM dynamics to first emerge

in the flavour sector

(historical precedents support this)



  

Anomalies (?)

Flavour
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(QM = quark model)

3fb–1

(DB = dispersive bounds)

3fb–1 3fb–1

B0  K→ *0(892)μ+μ−

3fb–1

B0→K 0∗ μ+μ−

4.7fb–1

B+→K +∗ μ+μ−

  
b  s  discrepant data

D. Guadagnoli, SM at LHC, Durham Univ., 7-10 April, 2025



  

  
Weak Effective Theory bounds

A lepton-universal shift to the (sb)L(ℓℓ)V coupling C9 ?

D. Guadagnoli, SM at LHC, Durham Univ., 7-10 April, 2025



  

  
Weak Effective Theory bounds

A lepton-universal shift to the (sb)L(ℓℓ)V coupling C9 ?

[DG, Normand, Simula, Vittorio, 2023]

D. Guadagnoli, SM at LHC, Durham Univ., 7-10 April, 2025



  

  
Weak Effective Theory bounds

A lepton-universal shift to the (sb)L(ℓℓ)V coupling C9 ?

[DG, Normand, Simula, Vittorio, 2023]

… or hadronic effects 
         difficult to assess by explicit calculation (more later)

D. Guadagnoli, SM at LHC, Durham Univ., 7-10 April, 2025



  

  
Weak Effective Theory bounds

A lepton-universal shift to the (sb)L(ℓℓ)V coupling C9 ?

[DG, Normand, Simula, Vittorio, 2023]

… or hadronic effects 
         difficult to assess by explicit calculation

[Ciuchini et al., 2022]

(more later)
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Connection with b  c anomalies from R(D(*)) ?

 C9        of the correct size can be generated through RGE effects
univ.

[ Bobeth-Haisch, 2011 ][ Crivellin et al., 2018 ][ Aebischer et al., 2019 ]

[ Martinelli, Simula, Vittorio, 2021+ ]
Beware: using LQCD + unitarity, R(D(*)) significance < 2σ
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discrepant measurements,

in b  s ℓ+ℓ–

While waiting for updates of

progress relies 

on a solid understanding 

of “non-local FFs” 



  

  
Anomalous thresholds in non-local FFs

[ Ciuchini et al., 2212.10516 ]
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Anomalous thresholds in non-local FFs

[ Ciuchini et al., 2212.10516 ]

Anomalous-threshold effects 
in the physical region?
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[ Mutke, Hoferichter, Kubis, 2024 ]

  
Anomalous thresholds: general strategy
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[ Mutke, Hoferichter, Kubis, 2024 ]

Given an amplitude, singularities can be determined via Landau eqs.

Singularities: 
Poles; Branch points (normal cuts); Anomalous branch points.

Triangle diag: Anomalous thresholds arise as leading Landau singularity 

Normal cuts: square-root branch points

Anomalous cuts: log branch points. Call them s±

Can s± be in the principal sheet?

Since (pinit)2 = mB
2,  anom. branch point moves to first sheet

Modify integration contour

  
Anomalous thresholds: general strategy

Decompose amplitude into covariant structures

And fix parameters from data
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Anomalous thresholds:  A0(B+ K* +  γ* )  w/  ππ  loop
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Anomalous thresholds:  A0(B+ K* +  γ* )  w/  ππ  loop

[ Mutke, Hoferichter, Kubis, 2024 ]

Effects ~ 10% off-resonance

Impact of c-quark counterpart 
effects expected similar
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 B
s
 → μμγ  at high q2

 Now measurable from B
s
 → μμ  & data-driven approach to bkgs

[ Dettori, DG, Reboud, 2017 ]

 Recent LHCb  “première”

[ LHCb-PAPER-2021-008 ]

[ Frezzotti et al., 2024 ]

vs.

  5.23       5.09       4.95        4.80        4.65       4.49        4.33        4.16
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Kozachuk et al., 2017

Janowski et al., 2021

DG et al., 2023
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 B
s
 → μμγ  at high q2

 High q2 offers several TH advantages

High q2 is preferred region for lattice QCD

Probes in complementary kin. region the tensions reported 
in semi-lep BRs

Test is strong, given the very different underlying exp method

D. Guadagnoli, SM at LHC, Durham Univ., 7-10 April, 2025



  

  
Take-home on anomalies
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… also for the opportunity of understanding non-perturbative dynamics
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Take-home on anomalies

 The jury is out – and the subject remains promising

… also for the opportunity of understanding non-perturbative dynamics

 Many channels worth pursuing

B decays to taus  [First emphasized in Glashow et al., 2014 ]

B decays at high q2

 Throughout, I advocate a Keynesian approach

When the facts change, I change my mind – what do you do, sir?
– John Maynard Keynes

...
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  B  K(*) νν   – interpretation

  At face value, B  K(*) νν  suggests Lepton Universality violation (LUV)

[ Bause, Gisbert, Hiller, 2023 ]
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  B  K(*) νν   – interpretation

  At face value, B  K(*) νν  suggests Lepton Universality violation (LUV)

[ Bause, Gisbert, Hiller, 2023 ]

EFT & exp induced 
B  K* νν  lower bound

LU region width 
dominated by FF errors

(unless new dynamics is light)
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  B  K(*) νν   – interpretation



[ Bause, Gisbert, Hiller, 2023 ]

SU(2)L symmetry implies effects in other  sectors (incl. t  cℓℓ  & b  cℓ).
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  B  K(*) νν   – interpretation



[ Bause, Gisbert, Hiller, 2023 ]

SU(2)L symmetry implies effects in other  sectors (incl. t  cℓℓ  & b  cℓ).

Not in light leptons  – RK(*) are SM-like

Yes in τ leptons

♠

♥

(BRSM ~ 10–7)

At least one of these modes (or LFV ones) 
has to be affected
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  B  K(*) νν   – interpretation



[ Bause, Gisbert, Hiller, 2023 ]

SU(2)L symmetry implies effects in other  sectors (incl. t  cℓℓ  & b  cℓ).

Not in light leptons  – RK(*) are SM-like

Yes in τ leptons

♠

♥

(BRSM ~ 10–7)

At least one of these modes (or LFV ones) 
has to be affected

Else: light new dynamics, implying the relation

D. Guadagnoli, SM at LHC, Durham Univ., 7-10 April, 2025

[ Bause et al., Allwicher et al. ]



  

My take on

the ESPPU
(flavour)
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The intensity frontier

 Strategy:

Use large datasets of some of the rarest processes

and provide accurate predictions
small σexp

small SM
“noise”

small σth

In the absence of a  BSM  “seed” anywhere in data

Indirect tests best placed to probe larger scales | feebler interactions

 Two (complementary!) exp pillars

Large, wide-purposed facilities

Small exps for specific measurements
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Large facilities

 LHCb Upgrade 2 during LS4 (~2034)

 Proposed Belle II Upgrade ~2032

 After HL-LHC (2030 onward) & Belle II

D. Guadagnoli, SM at LHC, Durham Univ., 7-10 April, 2025

e+e– collider at the Z pole  (1012  Z)



  

  
The many uses of ultrarare K decays

 K decays are the most severe manifestation of the flavour problem:

Generic new dynamics cannot be below 104 – 105  TeV
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TH consistency demands that the axion couples to matter as follows:

+  leptonic analogue
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E.g. the QCD axion

TH consistency demands that the axion couples to matter as follows:

+  leptonic analogue

At 1 GeV,  

and below this scale these interactions are matched onto ChPT





k  are coupling matrices – free numbers, like Yukawa couplings
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The many uses of ultrarare K decays

 K decays also excruciating probes of well-motivated light NP

E.g. the QCD axion

TH consistency demands that the axion couples to matter as follows:

+  leptonic analogue

At 1 GeV,  

and below this scale these interactions are matched onto ChPT





k  are coupling matrices – free numbers, like Yukawa couplings

[ Georgi, Kaplan, Randall, 1984; Bauer et al., 2021+; Martin-Camalich et al., 2020 ]

axion-mediated
d ↔ s  FCNCs
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NA62 K  π (π)  data

 The NA62 dataset for K  π (π)  , recast as K  π (π) a, 
sets world-leading bounds on the above couplings
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 Conclusions
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it may well be that the first manifestations of new dynamics 
appear in flavour observables

Also, the interactions of longitudinal gauge bosons

may be probed through their direct production at high energies

BUT

They also enter in e.g. “penguin” diagrams

[See e.g. “Bs       as an electroweak precision test”, DG & Isidori, 2013]
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 Conclusions

Our challenge:

Flavour has demonstrably the largest reach

 design experiments that maximize our discovery chances

with little clue on where new dynamics may possibly hide

but reasonable hope that something new must hide somewhere

(Dark Matter? The QCD axion? More neutrinos? More Higgses? The first vestiges of a GUT?)

and Kaons have the largest reach within flavour

D. Guadagnoli, SM at LHC, Durham Univ., 7-10 April, 2025
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