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Flavor Physics & CP violationFlavor Physics & CP violation
[Material for the Discussion]

✔ DiversityDiversity
✔ Synergy with the HE frontierSynergy with the HE frontierKeywords:

Short/mid-termShort/mid-term

Long-termLong-term
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Why 3 fermion generations ?  
Are fermion masses calculable from new basic principles? 
Is there a connection between quarks, charged-leptons, and neutrino masses?

Beside the Higgs, are there other interactions distinguishing the 3 families?  
If so, which is their energy scale? 

Is there CP violation in flavour-blind processes? 
What is the explanation of the strong CP problem?

We need to address these fundamental questions !We need to address these fundamental questions !

(which are not less crucial or fundamental than Higgs hierarchy problem) 

Many theoretical ideas [→ Nir, Dine], but no clear answers yet...  

To make progress we need experimental clues, which can only come from 
dedicated experiments

Why ?Why ?
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SM success in flavour physics @ B factories + EWPO @ LEP → strong 
indication of light Higgs + energy gap @ LHC (that is what we se now...)

All “recent” discoveries at the HE frontier in particle physics [c, b, t, H] 
were anticipated by indirect indications from flavor, CPV, and EWPO

Hard to expect a discovery at HE without indirect clues at low energies...   

Indirect NP searches must be aIndirect NP searches must be a
key ingredient of our future strategy!key ingredient of our future strategy!

Flavor and CP violating processes are also particularly interesting since 
they allow us to (indirectly) probe very high energy scales

This is particularly important, in view of the present lack 
of clear indications about NP scale [synergy with HEsynergy with HE]
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SM success in flavour physics @ B factories + EWPO @ LEP → strong 
indication of light Higgs + energy gap @ LHC (that is what we se now...)

All “recent” discoveries at the HE frontier in particle physics [c, b, t, H] 
were anticipated by indirect indications from flavor, CPV, and EWPO

Hard to expect a discovery at HE without indirect clues at low energies...   

Flavor and CP violating processes are also particularly interesting since 
they allow us to (indirectly) probe very high energy scales

This is particularly important, in view of the present lack 
of clear indications about NP scale [synergy with HEsynergy with HE]



I.I.  The light sectorThe light sector [u, d, s + e, μ ]

Three “clear” cases calling for  diversitydiversity  in the short/mid-termshort/mid-term:

EDMsEDMs [de, dn, dN,...]

μμ→→e processese processes

Rare K decays Rare K decays 

Strong CP 
light Y's

Rings/Magnetic trapsRings/Magnetic traps
  [Long list... ]

Intense Intense μμ beams beams
  [MEG, Mu3e,Mu2e, COMET]

Intense K beams Intense K beams 
  [NA62, KEVLER, KOTO]

✔ Outstanding physics goals (fundamental & unique)
✔ Difficult experiments, but on a smaller scale   

Two or more experiments for each of these dedicatedTwo or more experiments for each of these dedicated
““low-energy” research lines would be extremely welcome !low-energy” research lines would be extremely welcome !

addresses: requires:

→ Paul

→ Sozzi

→ Kuno (Tue)
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1st↔2nd 
lepton mix.

1st↔2nd 
quark mix.
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II.II.  The heavy sectorThe heavy sector [b, c + τ ]
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This is likely to be the most exciting frontier of particle physics in the  
next ~ 10 years: 

Large discovery potential 
(wide parameter range still to be explored)

Further “enriched” by 
➔ present anomalies...
➔ expected progress from lattice QCD
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→ Schune

Bright near-term futureBright near-term future [~ 10 yrs] with  LHCb (I+II)LHCb (I+II)  & Belle-IIBelle-II 

→ Pena

→ Fajfer (Tue)



II.II.  The heavy sectorThe heavy sector [b, c + τ ]
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● TauFVTauFV [@ SHIP beam line]: τ→3μ @ 10-10  unique, outstanding goal !

● STCSTC @ Novosibirsk [competitiveness after Belle-II less clear...]
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Bright near-term futureBright near-term future [~ 10 yrs] with  LHCb (I+II)LHCb (I+II)  & Belle-IIBelle-II 

Clear mid-term futureClear mid-term future [~ 10-20 yrs] with an outstanding case:

● LHCb-IILHCb-II [@ HL-LHC]: ultimate precision on “all-visible” B and D 
decay modes [Bs,d → μμ, RK,K*, CKM, charm CPV, ...]   

possibly complemented by specific initiatives, such as

→ Luisiani (Tue)



II.II.  The heavy sectorThe heavy sector [b, c + τ ]

Bright near-term futureBright near-term future [~ 10 yrs] with  LHCb (I+II)LHCb (I+II)  & Belle-IIBelle-II 

G. Isidori - Flavour Physics and CPV: Discussion Session                                             EPPSU 2019 - Granada, 13 May

How ?How ?

Clear mid-term futureClear mid-term future [~ 10-20 yrs] with an outstanding case:

● LHCb-IILHCb-II [@ HL-LHC]: ultimate precision on “all-visible” B and D 
decay modes [Bs,d → μμ, RK,K*, CKM, charm CPV, ...]   

possibly complemented by specific initiatives, such as TauFVTauFV & STCSTC

A strong case for the long-term futureA strong case for the long-term future [ > 20 yrs]:

● Flavor physics @ Flavor physics @ FCC-eeFCC-ee [running at the Z-pole , with 5×1012 Z's !]

Unique potential on b and τ decays with missing energy, from Z → bb, ττ
Just one example: B→K*ττ [holy grail of present anomalies...]: 
~1000 SM events @ FCC-ee vs. ~10 @ Belle-II

And of course FCC-ee would allow major improvements on EWPO & Higgs  
→  ideal set-up to optimize indirect NP searches ideal set-up to optimize indirect NP searches 
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