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Research at the intensity frontier allows the detection and interpretation of signs of New Physics using large3

datasets of some of the rarest processes in nature. If new particles are found by direct searches, then indirect4

tests are needed to study the new physics structure and couplings. If on the other hand no direct evidence5

for new physics is found in collisions, which has been the case so far at the LHC, higher scales and/or smaller6

couplings can be probed by experiments at the intensity frontier. The CNRS and CEA physicists working on the7

intensity frontier, support an experimental strategy based on two complementary pillars: large facilities with8

a wide physics program (LHC, SuperKEKB, HL-LHC, future colliders) and smaller experiments dedicated to9

specific measurements of crucial observables (EDM, g-2, LFV experiments) or dedicated searches of long-lived10

particles (axions and other dark particles). This document provides an overview of the experiments in which11

the CNRS and CEA physicists are involved and that we wish to see endorsed by the European Strategy for12

Particle Physics.13

1 Experiments with a wide physics program14

The major players in flavour physics in the upcoming years will be LHCb and Belle II: the former exploiting the15

unprecedented number of b hadrons produced at the LHC, the latter profiting from the clean e+e− environment16

of SuperKEKB and a nearly hermetic detector. These will improve our understanding of the flavour picture, and17

probe New Physics in a complementary way with high precision measurements of a plethora of observables, part18

of a well-recognized physics program. Traditionally France has strongly contributed to flavour physics. Today19

eight CNRS and CEA laboratories play a major role in LHCb (CPPM, IJCLab, LAPP, LPCA LPNHE, LLR,20

Subatech and DPhN/Irfu). And three CNRS laboratories (CCPM, IJCLab and IPHC) plus the CNRS-KEK21

international research laboratory TYL provide a critical contribution to Belle II. Our community requests full22

support to exploit the data from LHCb and Belle II in the next years. In addition, we strongly support the23

proposal of the LHCb collaboration for an “Upgrade II” of the experiment during the fourth long shutdown of24

the LHC in 2034 and the proposal for a Belle II upgrade around 2032. LHCb Upgrade II will allow operations25

at a factor 10 higher instantaneous luminosity, fully exploiting the large luminosity of the accelerator, to reach26

unprecedented precision in key measurements, e.g. for the study of CP violation and the unitarity triangle (in27

particular the angle γ), b → (s, d)ℓ+ℓ− and b → cτν observables, probing a 90% higher new physics mass scale28

for fixed couplings. The Belle II upgrade will allow to reach a higher instantaneous luminosity while increasing29

the detector performance. This will allow World-leading results mainly for final states fully-inclusive or with30

final states particles with little or no direct signature in the detector. Belle II plans to lead exploration of31

non-SM physics in b → cτν, b → sγ, b → sνν, b → sτ+τ−, and b → ℓν decays, and determine most precisely32

the quark-mixing parameters |Vub| and |Vcb|. It will also provide unique capabilities in τ physics, including for33

its electric and magnetic dipole moments, for limits on its charged-lepton-flavour-violating branching fractions,34

and for observables related to lepton-flavour universality test involving the third generation. An additional35

possibility is to introduce the polarisation of the electron beam to allow precision measurements of electroweak36

and τ lepton parameters. Belle II and its upgrade will also bring key inputs to develop the technology of the37

future Higgs factory. The recent discoveries of new exotic hadrons have revitalized the field of heavy-flavour38

spectroscopy. The large statistics that will be obtained with the LHCb Upgrade II will enable the study of these39

states in hadronic environments of very high multiplicity, allowing the exploration of their structures dominated40

by non-perturbative QCD at the femtoscopic scale. High-energy physics experiments operating at the Large41

Hadron Collider are currently at the forefront of Exascale computing and will remain so in the coming decades42

during the high-luminosity phase of the accelerator (HL-LHC). Maximizing the scientific potential of the HL-43

LHC drives all experiments to bring the calibration of their detectors and the reconstruction of events as close44

as possible to the data acquisition system, with the quality necessary for immediate physics analyses. Highly45

efficient and energy-saving heterogeneous high-performance computing is precisely a niche where high-energy46

physics collaborations, pooling their efforts, have a chance to create solutions that will have a broader impact.47

Creating and supporting interdisciplinary teams of physicists and computer engineers to ensure this should thus48

be a priority.49

On the long term, after the end of the HL-LHC and Belle II, the best opportunity would come from an50

e+e− collider running at the Z pole accumulating several 1012 Z events. This will constitute an ideal lab-51

oratory for flavour physics combining many of the advantages of Belle II and LHCb: a large sample of all52

b-hadrons, c hadrons and τ leptons produced in an clean e+e− environment with a large boost. A further run53

at the W+W− threshold collecting several 109 W+W− would allow direct access to several parameters of the54

Cabibbo–Kobayashi–Maskawa (CKM) matrix. To fully exploit these opportunities at least one suitable detector55

with excellent vertexing, good momentum reconstruction down to low momentum, good particle identification56

over the full kinematic range, good energy and direction resolution for neutrals and good K0
S and Λ recon-57

struction efficiency would be needed. These conditions would be met at the FCCee, the first phase of the FCC58

project, to which twelve French laboratories are contributing.59
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2 Experiments aimed to specific measurements or dedicated searches60

CNRS physicists are involved in experiments dedicated to the search for permanent electric dipole moments61

(EDM), a CP-violating observable predicted to be tiny in the Standard Model, but expected to be much larger in62

most scenarios of New Physics, in particular for electroweak baryogenesis. The present experimental sensitivities63

probe energy scales up to 100 TeV, and a non-zero measurement would univocally reveal the existence of New64

Physics. Measurements of EDMs from various systems (e.g. neutron, electron) would then be required to65

disentangle its dynamics. Along with the Hg EDM, the neutron EDM offers the most sensitive probe to the66

θQCD term. Its search is led by the EDM experiment at the Paul Scherrer Institute, expected to improve the67

sensitivity by one order of magnitude in the next decade and to explore the 10−28 ecm region in its second68

phase in 2030. Three French laboratories are involved in the project (CSNSM, LPC Caen, LPSC).69

Another class of nearly forbidden observables in the SM are the charged-lepton flavour transitions (LFV).70

Here also, these transitions could be largely enhanced in some new physics scenarios. In this context, four CNRS71

laboratories are involved (IP2I Lyon, LPC Caen, LPCA, LPNHE) in the COMET experiment (COherent Muon72

to Electron Transition) at JPARC. It will improve the current single event sensitivity on µ → e conversion by73

two orders of magnitude in a first phase and further two orders in a second phase. This will have a strong impact74

on models predicting LFV and is complementary to the insights from other experiments, e.g. those aiming at75

µ → eγ, as well as LHCb and Belle II, the latter being particularly suited to search for LFV in tau decays.76

Unique experiments can be performed using low energy antiprotons. CNRS and CEA are involved in the77

project Gbar to measure the free fall of anti-hydrogen in Earth’s gravitational field to test the Weak Equivalence78

principle of General Relativity with antimatter.79

Some French physicist are also interested in the PIONEER experiment. There the precise measurements of80

the ratio of pion leptonic decays π→eν(γ)
π→µν(γ) can provide one of the most precise tests of lepton flavour universality81

in the Standard Model. In a second phase the precise determination of the branching fraction of π± → π0e±ν82

will allow a clean determination of the CKM element Vud complementary to the one provided by super-allowed83

beta decays.84

Precision experiments not only constrain the existence of new heavy states with sizeable couplings to known85

particles, but also that of new light states with very suppressed interactions with normal matter. Those could86

directly make up the elusive dark matter, or more generally be part of a richer dark sector. Another area of87

intense activity concerns a specific Dark Matter candidate, the axion, whose existence is motivated by the current88

bound on the neutron EDM. Many experiments are currently running or planned in the near future, two of which89

with French involvements, GRAHAL and MADMAX. Both plan to build haloscopes with unprecedented and90

complementary sensitivities in the search for axion DM, using the new hybrid magnet at LNCMI in Grenoble91

for GrAHal, and a new dielectric design for the latter.92

Besides these current activities of our community, on a longer term, it is important to keep investing in93

smaller dedicated experiment with potential high-impact discoveries. This includes probes for a possible dark94

matter sector as well as searches for other observables that could unambiguously signal the presence of New95

Physics, like for example proton decay or neutrinoless double beta decay.96

Finally, precise tests of the Standard Model and the determination of its key parameters can also be per-97

formed via lower-energy experiments, at the boundary between particle and nuclear physics. For the former,98

nuclear beta decays provide probes for new sources of CP-violation, complementary to EDM searches, and of99

hypothetical new particles and interactions, while baryon-number violating dinucleon transitions can search for100

new physics up to the grand unification scale. For the latter, superallowed Fermi transitions currently provide101

the most precise determination of the CKM matrix element Vud. In view of these examples, the synergy with102

NuPECC should thus be strongly pursued. CNRS and CEA physicists from LP2IB, LPC Caen IJCLab and103

GANIL are playing a leading role in these studies. In the next decades the radioactive ion beam facility DESIR104

at GANIL will be uniquely suited for conducting experiments aimed at precision tests of the Standard Model.105

3 Role of theory106

Last but not least, theoretical predictions and interpretations, crucial for advances in the field, may involve a107

large variety of tools, from formal approaches to phenomenological and numerical techniques. The interpreta-108

tion of experimental results, whether this be model independent in terms of effective field theories or model109

dependent, serves as inspiration for model building and further leads to new ideas for experiments. Theoreti-110

cal progress is clearly dependent on experiments for guidance, but inversely theoretical ideas can frame future111

experiments. Theoretical work relevant to the intensity frontier also include predictions, among which those ob-112

tained via numerical simulations of lattice QCD since most flavour observables are hadronic, and their precision113

has to match that of the planned experiments. Those are particularly demanding in terms of computing power114

and algorithmic techniques. Several labs in France are dedicated to theoretical work relevant to the intensity115

frontier (CPT, CEA, IPNL, LAPTh, LPC, LPSC, LPTHE, IJCLab). More globally, any strategy on the future116

of experimental particle physics must be accompanied by a vision concerning the support to provide to particle117

theory and furthermore to European initiatives promoting theory-experiment collaborations.118
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