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UK leadership at the precision frontier: 
current achievements and future opportunities



Highly suppressed in SM:

✓ Quadratic GIM suppression ~ (mtop/mW)2 

✓ Maximum CKM suppression (BR ~|Vts*Vtd|2)

Sensitive to new physics scales beyond direct collider reach

Electroweak Box & Penguin (one-loop) diagrams

Exceptionally clean SM predictions:  
✓ dominant SD contribution
✓ hadronic matrix from K+ → e+e
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K→ in the Standard Model & Beyond

Ultra-rare Flavour Changing Neutral Current (s→d) process 

Charged and neutral modes provide complementary information on the flavour structure of new physics

[JHEP1511(2015)166]

New Physics: correlations btw 

charge and neutral mode significantly 
change for different NP models →

SM Predictions: irreducible theory uncertainty few %

[EPJ C76 (2016) no.4 182]
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Combination 2016-18 + 2021-24 data
ECN3 Experimental Area

𝐾+ →  𝜋+𝜈 ҧ𝜈 observation: the rarest decay measured at 5 significance

NA62 Run 1: 2 x 1018 protons on target (PoT) delivered

>3𝜎 𝐾+→ 𝜋+𝜈𝜈 evidence

200

days

Expected SM 

signal 
𝑵𝝅𝝂𝝂

𝑺𝑴 = 𝟒𝟑 ± 𝟏

Expected 

background
𝑵𝒃𝒈 = 𝟑𝟎−𝟑

+𝟒

Observed 𝑵𝒐𝒃𝒔 = 𝟖𝟒

NA62 Run 2: ~8 x 1018 PoT → beam stop August 3rd

From discovery to a 

precision probe of 
Flavour Physics

K+ → + results: [PLB791(2019)156, JHEP11(2020)042, JHEP06(2021)093, JHEP02(2025)191]

Combination 2016-18 + 2021-24 data
Combined NA62 2016-2024 result

The full NA62 dataset will define the charged-kaon benchmark for the next generation of flavour experiments

300 participants from 32 institutions

UK groups: Birmingham, Bristol, 
Glasgow, Lancaster, Warwick 

NA62: 

focused on 𝑲+ → 𝝅+𝝂𝝂 measurement 

to 15% precision 
Strong UK leadership at all levels

NA62 K+→+ from Discovery to Precision

https://cerncourier.com/a/the-kaon-stays-on-script/
https://cerncourier.com/a/the-kaon-stays-on-script/
https://cerncourier.com/a/the-kaon-stays-on-script/
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NA62 Broad Flavour Programme

NA62 has collected data from 2016 until 2026 → world’s largest multi-purpose sample of K+ decays

Precise Lepton Universality tests with K+→+ℓ+ℓ– decays 

(>100k candidates per mode expected)

Updated RK measurement 
(expect >1M K+→ e+ν candidates)

Upper limits on BRs of LFV/LNV 

K+ and 0 decays ~ O(10–11-10–12)

All NA62 projections to final/full dataset presented at KAON 2025

https://indico.cern.ch/event/1485702/contributions/6584995/attachments/3133698/5564706/KAON2025_NA62_prospects.pdf
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K→ Global Picture

NA62 at CERN:

➢ First observation of ultra-rare K+ → + decay

➢ Smallest BR ever measured at > 5σ significance

➢ B(K+ → +) measured to < 20% precision

➢ Aim at 15% precision measurement with legacy analysis

[paper approval stage]

KOTO at J-PARC:

➢ Current world-leading search for KL → 

➢ Latest result:

➢ Validate the exp technique required for neutral mode

➢ Aim to reach SES ~10-10 and Grossman-Nir bound by 2028

Following the observation of K+ → +, the next major experimental 
challenge is the discovery and measurement of  KL

 → 

Measurements of B(K+ → +)

❖ KL →  directly CP-violating decay
❖ SM branching ratio: ∼3 ×10−11

❖ Not yet observed

Angela Romano



[arXiv: 2501.14827 ]

KOTO II: from search to 
precision measurement

6KOTO II will open the precision frontier in ultra-rare neutral-kaon decays

Based on KOTO 

experimental concept 
with improved 

sensitivity

Aiming to run in mid 2030’s in Hadron Hall extension
Expect 35 SM KL →  events (40 background), ~25% precision on branching fraction

Sensitive to NP with >40% deviation from SM at 90% C.L. 

Improvements wrt KOTO: Upgraded detectors to improve background suppression

Summary of sensitivity and impact:

Angela Romano



KOTO II: UK Leadership & Roadmap

KOTO II Physics proposal approved at J-PARC PAC (https://arxiv.org/abs/2501.14827) 
→ J-PARC E107 experiment

KOTO II collaboration formed with KEK as host institution

KOTO II workshop Mainz, September 2025

19
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UK Leadership:

➢ UK is a founder member of the KOTO II collaboration
➢ UK Co-Spokesperson and Speaker’s Bureau

➢ UK Leadership of software, detector and physics working groups

Growing UK community building on expertise developed through NA48 and NA62

75 members, 26 institutions, 10 countries

2026-2028 Design, 
detector R&D, 

prototyping and TDR

2030-2034 Detector 
construction, 

installation and 
commissioning

From 2035 Physics 
data taking and 

exploitation

KOTO II ROADMAP

UK groups: Birmingham, 
Edinburgh, Glasgow, 
Lancaster, Liverpool, 
Manchester, Warwick 

KOTO II provides a clear route for sustained UK leadership in rare-kaon physics into the 2030s & beyond

PPAP Roadmap 2021: UK leadership in current kaon experiments recognised; investment in the 

future kaon programme recommended.

Angela Romano

https://arxiv.org/abs/2501.14827


Muon Physics in the UK - summary

PPAP – Muon Physics 8

• STFC funded experiments
• g-2 (Fermilab)

• Mu2e (Fermilab)

• Mu3e (PSI)

• ~40 staff/post-docs across 9 institutes in the UK

• Additional experiments

• DIPOLE MOMENTS: muonE (CERN), KLOE (DAFNE), muEDM (PSI), g-2 (J-PARC)

• CLFV: COMET (J-PARC), MEG-II (PSI)

DIPOLE MOMENTS CLFV: CHARGE LEPTON 

FLAVOUR VIOLATION 

Joe Price, University of Liverpool



Fermilab g-2 experiment

• Data taking 2017 – 2023. All data 
now analysed

• Measured the anomalous magnetic 
dipole moment (𝑎𝜇) to 127ppb – 
reached target precision!

• Published Sept 2025: Phys. Rev. 
Lett. 135, 101802

PRELIMINARY

• World’s most sensitive direct muon EDM 
search - expected Aug 2026

• Look for out of phase tilt in 𝑒+ angle 𝜃𝑦

• Uses UK-built tracking detectors, UK-lead 
analysis

• BSM Lorentz- and CPT- violation searches to 
follow 

PPAP – Muon Physics 9Joe Price, University of Liverpool



Mu2e – summary and status

• Final solenoid (detector solenoid) arrives this month 
First physics run end of 2027 before PIP-II shutdown

• 2027 data: Sensitivity improves worlds best CLFV 
limit by factor of 30 – discovery potential! 

• 2030-34 data, (post PIP-II): further sensitivity × 300, 
to reach goal of 10,000 improvement 

Rate of Muon Capture

Rate of Muon conversion

• Mu2e searches for CLFV via a muon 
conversion to an electron

• Need to measure muon conversion 
rate and muon capture rate

• All detectors installed in the hall – 
DAQ/Cosmic test runs ongoing

• UK responsible for stopping target 
monitor (capture rate) + DAQ

• 2 run co-ordinators from the UK

Transport solenoid

Production solenoid

Tracker and Calorimeter

PPAP – Muon Physics 10Joe Price, University of Liverpool



Mu3e

Search for CLFV via 𝜇+ → 𝑒+𝑒+𝑒−

• UK responsible for clock-and-reset system and HV-MAPS outer pixel tracker

• Lowest mass fast pixel tracker  (~0.1%X0 per layer )

• 17/18-chip pixel ladders produced in Oxford & 4-ladder modules assembled in 
Liverpool

• First outer tracking layers installed in Mu3e this August

• Gradual increase of detector acceptance and CLFV sensitivity

• 8 weeks of beam commissioning data in 2026

• ~30 week physics run in 2027 (Phase-0, central detector) → will surpass the 
SINDRUM limit very fast

• Completion of Phase-1 programme in 2030-2032 after High Intensity 
Muon Beam upgrade

• Mid 2030s Mu3e upgrade for Phase-2

• Multiple UK coordinating positions: physics, tracker (production, 
installation and overall), DQ, MC

PPAP – Muon Physics 11Joe Price, University of Liverpool

Ladders produced in Oxfords



Summary

KAON Programme:

➢ UK has played a leading role in experimental kaon physics for several decades
➢ NA62 achieved the first observation of K+ → + and is delivering a broad programme of precision measurements 

and searches for new physics
➢ The next frontier is the discovery and precision measurement of KL

 → 

➢ KOTO II brings together the international kaon community to address this challenge

➢ The UK is already playing a leading role in establishing KOTO II and its physics programme

12

STRATEGIC OPPORTUNITY

❖ Maintains UK leadership in kaon and muon precision measurements
❖ Provides long-term opportunities for detector R&D, students and early-career researchers

❖ Complements collider, neutrino programmes in the search for new physics

Muon Programme:

➢ UK has 9 institutes with 40 staff working on dedicated muon physics experiments
➢ g-2 experiment published measurement of 𝑎𝜇 , reaching precision goal of 127ppb 

➢ New results imminent for muon EDM measurement at Fermilab muon g-2 experiment – UK lead

➢ Mu2e and Mu3e are at/entering commissioning phase, begin physics data taking next year

➢ Both will reach full sensitivity in the second phase of running, 2030-34 
➢ STFC funding key part of muon programme in the UK, with additional experiments broadening UK muon expertise 

Angela Romano



SPARES
Angela Romano, University of Warwick

PPAP Meeting, 16-17 July 2026



Probing third-generation New Physics

➢ EFT with dimension-six semileptonic operators built in terms of SM fields

➢ Minimally-broken U(2)5 flavour symmetry acting on the lightest two SM families
➢ Reduce the number of relevant operators and free parameters

➢ Using 5 parameters analyse a large set of observables that includes direct searches, EWPO, FCNC 

➢ Key role of the two neutrino modes in determining the allowed parameter space

[arXiv.2410.21444] (for comparison)

(*)NA62 K+ → + result from 2016-2022 datasets, updated plots in preparation 14

https://doi.org/10.48550/arXiv.2410.21444


NA62 Prospects

Angela Romano 15



NA62 Physics Programme

16Angela Romano



Search for KL →  @ J-PARC

Primary 30 GeV/c protons on gold target located in HEF

Secondary neutral beam (KL , neutrons, photons)

✔ beam angle ~16°, 7.8 μsr “pencil” beam

✔ KL momentum peak: 1.4 GeV/c

✔ KL flux: 2.1 x10-7 per proton on target

✔ Fiducial decay region ~3 m

Hermetic photon detection 
& veto systems

Lead-scintillator sandwich

Plastic scintillator counter

CsI Calorimeter from KTeV

17

Signal: 2 photons from 0 

+ nothing else in detector

The KOTO Experiment

[PRL 134 (2025) 081802]

Angela Romano



KOTO: Prospects

Accumulated POT will reach ×10 

more than 2021 data around 2028 

Assume the same sensitivity of 2021 data analysis

Improved conditions for KL →  search thanks to the upgrades

KOTO upgrades (2021-23) 
✓ Upstream Charged Veto 
✓ Permanent magnet at the end of beam-line 
✓ DAQ system

Analysis of KOTO 2024-25 data
✓ x2 statistics of 2021 data
✓ expected bkg improvement wrt 2021 data analysis

18Angela Romano



KOTO: broader programme

Angela Romano 19



➢ 100kW beam, 3x107 s = 6.3 x 1020 P.O.T

➢ SES: 8.5 x 10-13, S/B=0.9

➢ 35 SM signal / 40 background events

→ 5.6 observation

➢ B/B = 25% for SM value of branching fraction

KOTO II sensitivity: 

deviations of ~40% from the SM can be probed at 90% C.L.

KOTO II: Impact & Global picture

May find New Physics or severely constrain it

NA62 (2016-2024)

𝟗. 𝟔−𝟏.𝟖
+𝟏.𝟗 × 𝟏𝟎−𝟏𝟏

2𝜎

1𝜎

Example

250% deviation from SM

70% deviation from SM

20

A complete experimental programme requires both the charged and neutral modes

Charged + neutral modes distinguish the flavour structure of new physics

Angela Romano



KOTO II: Experimental Principle

Long, narrow beamline

Signal: 0 (→ ) + nothing else
            Higher pT of 0 (due to two missing neutrinos)

Detector:
• Calorimeter to detect 2

• Reconstruct 0 assuming Z vertex on beam axis
• Hermetic veto counters

• Need to cover beam hole where detector operation is difficult

Experimental principle (a la KOTO):

21Angela Romano



KOTO II: Sensitivity Improvements

Key factors to improve the sensitivity:

22Angela Romano



KOTO II: Detector (Base Design)

Angela Romano 23



KL → π0ℓ+ℓ− in the Standard Model

Contributions from long-distance physics

• SD CPV amplitude: γ/Z exchange

• LD CPC amplitude from 2γ exchange

• LD indirect CPV amplitude: KL → KS

• KS→ π0ℓ+ℓ− will help reducing theoretical uncertainties, measure |aS|

• measured NA48/1 with limited statistics

• planned by LHCb Upgrade

• KL → π0ℓ+ℓ− can be used to explore helicity suppression in FCNC, give 

unique access to SD BSM effects in the photon coupling via the tau loop 

KL → π0ℓ+ℓ− CPV 

amplitude 

constrains UT η

Main background: KL → ℓ+ℓ−γγ

• Like KL → ℓ+ℓ−γ with hard bremsstrahlung

BR(KL → e+e−γγ) = (6.0 ± 0.3) × 10−7 Eγ* > 5 MeV

BR(KL → μ+μ−γγ) = 10+8
-6 × 10−9 mγγ > 1 MeV

Greenlee

PRD42 (1990)

BR(KL → π0e+e−) < 28 × 10−11

BR(KL → π0μ+μ−) < 38 × 10−11 

Experimental bounds from KTeV: Phys. Rev. Lett. 93 (2004) 021805 

Phys. Rev. Lett. 84 (2000) 5279–5282 

(2 sets of values corresponding to constructive (destructive)

interference btw direct and indirect CP-violating contributions)
[arXiv:hep-ph/0404127,arXiv:hpe-ph/0404136, arXiv:hep-ph/0606081]

[arXiv:0705.2025, arXiv:1812.00735, arXiv:1906.03046, https://indico.cern.ch/event/1196830/]

24Angela Romano



  

N. Mahmoudi                                Kaons@J-PARC 2024 workshop - KEK Tokai, 27 July 2024                        5

Rare kaon decays
 SD dominated 

● K+  π→ + νν   and  KL  π→ 0 νν  (golden channels)

Excellent theore cal precision!

 LD dominated
● KL  μμ,  K→ S  μμ → , K+  π→ + ℓℓ    and  KL   π→ 0 ℓℓ, ...  

  

N. Mahmoudi                                Kaons@J-PARC 2024 workshop - KEK Tokai, 27 July 2024                        31

Prospects for KOTO-II

Scenario 1

Projec on A
Observables already measured are kept, others assumed 
at their SM values, all with target precision of KOTO-II

Projec on B
All measurements give current best-[ t point with 
target precision of KOTO-II 

 current sutuation____

o Final NA62 precision for K+  π→ + νν  

o Final KOTO-II precision for KL  π→ 0 νν

Access to photon coupling Can be used to explore 

helicity suppression in FCNC decays, give unique access 

to SD BSM effects in 𝛾 coupling via 𝝉 loop 

  

N. Mahmoudi                                Kaons@J-PARC 2024 workshop - KEK Tokai, 27 July 2024                        26

All observables
Rare kaon observables

We assume NP contributions of the charged and neutral 
leptons related to each other by the SU(2)L gauge symmetry 
and we work in the chiral basis

Bounds from individual observables:
Coloured regions: 68% CL measurements
Dashed lines: 90% upper limits

KL → π0ℓ+ℓ− and New Physics

Lepton Flavour Universality Violation:

  

N. Mahmoudi                                Kaons@J-PARC 2024 workshop - KEK Tokai, 27 July 2024                        26

All observables
Rare kaon observables
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Coloured regions: 68% CL measurements
Dashed lines: 90% upper limits
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All observables
Rare kaon observables

We assume NP contributions of the charged and neutral 
leptons related to each other by the SU(2)L gauge symmetry 
and we work in the chiral basis

Bounds from individual observables:
Coloured regions: 68% CL measurements
Dashed lines: 90% upper limits   
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Prospects for KOTO-II

Scenario 1

Projec on A
Observables already measured are kept, others assumed 
at their SM values, all with target precision of KOTO-II

Projec on B
All measurements give current best-[ t point with 
target precision of KOTO-II 

 current sutuation____

o Final NA62 precision for K+  π→ + νν  

o Final KOTO-II precision for KL  π→ 0 νν

[D’Ambrosio, Iyer, Mahmoudi, Neshatpour 2206.14748, 2311.04878, 2404.03643] 
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Measurement of KL → π0ℓ+ℓ− in KOTO II

Compatibility with neutrino channel is under study
Probably, a second phase of KOTO II with dedicated tracking

26Angela Romano
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