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Physics motivations
‣ No direct observations of new physics at LHC so far sets strong 

bounds on BSM models up to the TeV scale 

‣ Measurements of CP violation in kaon, charm, beauty systems can 
probe much higher energy scales 

‣ Deviations from SM predictions in CP violation measurements 
could indicate the energy scale where new physics can be found  

3

M. Pierini, EPS 2023



Nicola Neri Prospects for future experiments

Precision flavour physics

‣ Precise measurements of CKM parameters and CP 
violating asymmetries 

‣ Precise SM predictions, small theoretical uncertainties  

- clean observables, e.g. CKM angle , leptonic decays, … 

- calculable hadronic contributions at subpercent level: non-perturbative 
techniques, lattice QCD, e.g. , , , … 

- null tests: no theory inputs, negligible SM contributions, e.g. CP violation in D 
mixing, … 

‣ High statistics data sample 

‣ Excellent detector performance, low systematic 
uncertainties 

γ

Vub, Vcb Δms Δmd
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Present and future flavour experiments

‣ LHCb: B, D physics.  collisions at 14 TeV. Single-arm 
forward spectrometer Plans for upgrade II and data taking until 
end HL-LHC, 2041 circa   

‣ Belle II: B, D,  physics.  collisions at 10 GeV energy. 
Hermetic detector. Coherent  production,  pairs. 
Plans until 2035 and possibly beyond 

‣ NA62/(HIKE): K physics. Collisions of 400 GeV protons on fixed-
target. Future projects under review  

‣ BES III/(SCTF): D physics.  collisions at  GeV 
energy. Coherent  production (not covered in this talk) 

‣ FCC:  collisions at  in 2045 circa,  
collisions at  TeV in 2070 circa (not covered in this talk)

pp s ≈

τ e+e− s ≈
B0 − B0 τ+τ−

e+e− s ≈ 2 − 5
D0 − D0

e+e− s ≈ 91 − 365 pp
s ≈ 100
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Unitarity triangle fit

‣ Future constraints on  
parameters using expected 
improvements from LHCb with 
300 fb−1 and lattice QCD

ρ, η

‣ Present constraints on  
with new theory ( , LQCD) 
and experiment updates 
( )

ρ, η
Vud

sin 2β, γ, α
ρ = 0.160 ± 0.009 (6%)
η = 0.345 ± 0.011 (3%)

σ(ρ) ≈ 0.0016 (1%)
σ(η) ≈ 0.0021 (0.6%)

M. Pierini, EPS 2023

CERN-LPCC-2018-06 , arXiv:1812.07638



Nicola Neri Prospects for future experiments

B physics at LHCb upgrade II

‣ With 300 fb-1 at LHCb upgrade II 

-  mrad from   time-dependent measurement 

-  from  time-integrated measurement

σ(ϕs) ∼ 4 B0
s → J/ψϕ

σ(γ) ∼ 0.35∘ B± → DK±
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LHCB-PUB-2018-009 
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Ultimate γ sensitivity 

‣ Sensitivity  from combination of Belle II 
results with 50 ab−1 

‣ Measurements of γ from B+, Bd0, Bs0, Λb0 modes 
will become possible at LHCb upgrade II

σ(γ) ≈ 1.6∘
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Belle II 50 ab−1

CERN-LPCC-2018-06 , arXiv:1812.07638
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B physics at Belle II
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‣ With 50 fb-1 at Belle II 

-  from  tagged and untagged decays 

-  from  time-dependent measurement

σ(Vub) ∼ 1 % B → πℓν

σ(Sf ) ∼ 0.015 B0 → η′ K0

BELLE2-PAPER-2018-001 
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CP violation in charm at LHCb upgrade II
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‣ Sensitivities at 300 fb−1 : 
,  

‣ Test SM predictions for 
indirect CPV at 10−4 level

ϕ ≈ 0.15∘ |q/p | ≈ 0.002

‣ Null test: SM amplitudes for mixing are approximately 
real and are GIM or CKM suppressed  

‣ CP violation in mixing  would 
represent a signature of new physics

|q/p | ≠ 1, ϕ ≠ 0
LHCB-TDR-023
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CP violation in charm at Belle II

‣ Measurements in final states with neutral 
particles for systematic tests of the SM
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( % )

±2

±0.3

±1Radiative decays as probes 
for new physics

BELLE2-PAPER-2018-001 
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Kaon physics at HIKE

‣  at 5% precision in phase 1 

‣  at 20% in phase 2 

‣  at 20% precision in phase 3 (KLEVER) 

ℬ(K+ → π+νν̄)

ℬ(K0
L → π0ℓ+ℓ−)

ℬ(K0
L → π0νν̄)
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CERN-SPSC-2022-031



Nicola Neri Prospects for future experiments

LHCb data sample and plans

‣ Collected 9 fb-1 in Run 1- Run 2  

‣ Upgrade I: major detector upgrade in LS2 designed to collect 
50 fb-1 by the end of Run 4 

‣ Upgrade II: major detector upgrade in LS4 to collect 300 fb-1 
by the end of HL-LHC
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Matteo Palutan, RRB October 2023
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LHCb upgrade II challenges
‣ Aim at 𝓛=1.5×1034 cm-2s-1, about 42 visible interactions per 

crossing  

‣ Tracking: 2000 charged particles/crossing, fluence in excess of 
1016 1MeV neq/cm2  

‣ PID: cope with high occupancy, upgrade the coverage at low 
~10 GeV, and high momenta ~100 GeV 

‣ ECAL: sustain radiation dose 100 Mrad, energy resolution σ(E)/
E~10%/√E⊕1%, reduce Moliere radius 

‣ TDAQ: biggest data processing challenge in HEP history. 
Bandwidth >10 TB/s
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LHCb Upgrade II detector
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LHCb upgrade II detector
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‣ Detectors with timing resolution of few tens of ps are key to 
reduce background and pile-up 

‣ ECAL:SpaCal (inner region,1 MGy), Shashlik (outer region, 
40 kGy), 15-50 ps time resolution

SpaCal

- VELO: hybrid-pixel, high resistivity silicon sensor + FEE chip 
(28 nm), 55 μm pitch, 50 ps time resolution
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LHCb upgrade II detector
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‣ RICH with timing. SiPM/MaPMT/MCP. 
FastRICH ASIC in CMOS 65 nm with 25 ps 
resolution. 2.6 - 100 GeV/c range (time 
window )±2σ

‣ Muon: μ-RWELL to cope with hit rates of 
few MHz/cm2 (inner region). Additional 
shielding with iron and concrete to reduce 
rates

‣ Tracking: UT, 4 layers of MAPS. Mighty 
Tracker, 12 (u/v) layers of scintillator fibers 
(outer region) and 6 layers of MAPS (inner 
region), σ(p)/p ≈ 0.3 − 0.4 %
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Belle II plans for upgrade
‣ Operations 2019-2022: int. 

lumi 427.8 fb-1, peak lumi 
4.7×1034 cm−2 s−1 

‣ LS1 (2022-23): accelerator 
and detector upgrade (e.g. 
pixel detector, PMTs for PID, 
PCIe40)
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LS1 LS2

‣ LS2 (2028-29): major 
accelerator upgrade (final 
focus, higher currents) 

‣ Long term (2035 circa): 
accelerator R&D to reach 250 
ab-1, polarised beams 

Leo Piilonen, Lepton Photon 2023



Nicola Neri Prospects for future experiments

Belle II upgrade challenges
Detector performance challenges 

- tracking at low momentum (e.g. 
50-200 MeV/c slow pions from ) 

- Vertex and IP resolution (background 
mitigation, time-dependent 
measurements) 

- Calorimeter and lepton ID  

- Triggers (high efficiency, rare and 
forbidden decays,  physics) 

-  separation  

-  detection 

D*+

τ

K/π

K0
L
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Accelerator challenges 

- reach peak lumi  cm−2 s−1  

- redesign of IR and final focus. Large 
uncertainties on background 

- limit beam-beam effects, preserve 
beam lifetime, reduce emittance 

-  Internation Task Force in place

6.5 × 1035
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Belle II detector upgrade in LS2
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Leo Piilonen, Lepton Photon 2023
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‣ Improve detector robustness against backgrounds, 
radiation resistance, physics performance

21

Plans for Belle II detector upgrades 

J. Baudot, FPCP 2023
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 High Intensity Kaon Experiments  

‣ Unique physics program 
complementary to LHC 
experiments 

‣ Experimental apparatus 
changes over time in 3 phases 
and adapts to physics goals 

‣ Timescale more than a decade 

22

North Area of CERN Super Proton Synchrotron (SPS)
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‣ Follow the successful NA62 strategy: 75 
GeV/c , 4x beam intensity to boost 
statistical sensitivity  

‣ High-efficiency and high-precision tracking  

‣ High-precision time measurements (20-40 
ps) for track matching 

‣ Hermetic veto system for photons and 
charged particles   

‣ Excellent PID for  discrimination  

K+

π/μ

23

R2

R1
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‣ Following the NA48 design for the neutral  beam  

‣ Detector challenges: 100 ps time resolution for  of few GeV. 
R&D on calorimeters, innovative scintillators, longitudinal 
segmentation, oriented high-Z crystals  

K0
L

π0
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‣ Neutral secondary beam at 8 mrad. Optimal fiducial volume 
to maximise sensitivity and minimise background 

,   

‣ KLEVER beam line would need to add 150 m to reduce 
 background 

‣ Aim at signal yield 60  at SM BR with  

‣ Phase 3 data taking possibly before LS5 (in 2038) for about 5 
years running

K0
L → π0π0 Λ → nπ0

Λ → nπ0

K0
L → π0νν̄ S/B = 1
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A. Romano, CERN seminar Nov 2023

‣ For KLEVER, additional VETO detectors for  and a pre 
shower for  direction need to be developed: shaslyk 
calorimeter, micro pattern gas detector (MPGD)

π0

π0
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Further opportunities: CP violation via EDM
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CERN-LHCC-2018-027 

‣ Direct measurements of 
heavy baryon electric and 
magnetic dipole moments  

‣  baryon: spin precession 
induced by the LHCb 
magnetic field  

‣  baryons: spin 
precession of channeled 
particles in bent crystals. A 
new fixed-target setup at 
LHC has been proposed 

‣ Proof-of-principle test at  
LHC IR3 scheduled in 2025

Λ

Λ+
c , Ξ+

c

LHCB-PUB-2018-009,  arXiv:1808.08865
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Main challenges

‣ LHCb upgrade II: precise timing detectors (  ps), 
radiation hardness (400 Mrad/year inner VELO), TDAQ 
(>10 TB/s), cost (175 MCHF), timeline (2041 end of 
HL-LHC) 

‣ Belle II: accelerator upgrade (lumi  
cm−2s−1), low machine background, cost ( 90 
MCHF), radiation hardness (10 Mrad/year inner VXD), 
low material budget 

‣ HIKE: CERN approval, tracking at 3 GHz incoming 
beam particles, precise timing detectors (  ps), 
calorimeter, straw trackers for high rates

≲ 50

6.5 × 1035

≈

≲ 50
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Summary and prospects

‣ Precision flavour physics is a fundamental tool for discovery: great 
physics reach compared to direct and electroweak precision searches 

‣ Theoretically clean processes and improvements in lattice-QCD 
motivate precise experimental measurements of flavour observables 

‣ LHCb Upgrade II, Belle II, HIKE : are unique and complementary 
opportunities for fully exploiting the flavour physics potential at the 
high-intensity frontier  

‣ Unique program for K, D, B and  physics on a timescale more than a 
decade: studies of CP violation, precision measurements of CKM 
parameters for an ultimate test of the SM

τ
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Backup
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Prospects for future measurements at LHCb
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Unitarity triangle fit
UTFit results 
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23  fb−1 

300 fb−1 

LHCb 23  fb−1 LHCb 300  fb−1 Present

CERN-LPCC-2018-06 , arXiv:1812.07638
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CKM fits

‣ In figure: constraints on  
parameters using only LHCb 
and lattice QCD expected 
improvements with 300 fb−1

ρ, η
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23 fb−1 300 fb−1

23 fb−1

300 fb−1

‣ In figure: constraints on  
parameters using only LHCb 
and lattice QCD expected 
improvements with 300 fb−1

ρ, η
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EDM limits 
‣ Summary of current EDM limits and future 

planned sensitivities

34


