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Direct versus indirect probes

Colliders are direct probes of  

the electroweak scale

mZ = 91 GeV
higgs = 246 GeV
mh = 125 GeV

Proton lifetime: an example 

of  an indirect probe.

𝜏𝑝 ≈
𝑀𝑋
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𝛼2𝑚𝑝
5 > 1033 years

𝑀𝑋 > 1015GeV
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High sensitivity experiments to probe new physics 

WELL beyond the Electroweak scale

GeV TeV 109 GeV 1015 GeV106 GeV 1012 GeV

Proton decay (baryon number violation)

LHC Run2

𝝁 → 𝒆 𝜸 (lepton flavor violation)

Electric Dipole Moments (CP violation)

Neutrinoless double beta decay (lepton number violation)

Muon magnetic moment (g-2)

𝒏  𝒏 oscillations (baryon number violation)

B and K physics (flavor changing)



Electric dipole moments
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A non-zero EDM violates T reversal 

(thus violates CP symmetry)

 𝐻 = −𝜇𝑛 𝐵  𝜎𝑧 − 𝑑𝑛 𝐸  𝜎𝑧 = 𝜋ℏ 𝑓𝐿  𝜎𝑧

𝑓𝐿 ↑↑ − 𝑓𝐿 ↑↓ = −
2

𝜋ℏ
𝑑𝑛 𝐸



The running nEDM apparatus
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Shielded magnetic environment

Homogeneity < 10-3

Time stability < 10-6B0 = 1 µT

Electric field 150 kV / 12 cm

2014 data 

(30 days, 4 datasets)

Operated at ILL (2000-2006), 

providing the world limit

data taking at the PSI UCN 

source since 2012



Next, n2EDM
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• Two large chambers with 

opposite E-field

• Hg comagnetometry + 

external magnetometers 

(Cs + 3He)

• Bigger and better mumetal

magnetic shield

Assembly of  the new apparatus in 2018

data taking starts 2020?

Target sensitivity 2 × 10−27 e cm



Neutron antineutron oscillation, the 1986 ILL experiment 

Neutrons oscillate freely for 75 m

Annihilation of  antineutrons (2 GeV 

event) detected with a 4pi detector. 

Result: 𝜏𝑛  𝑛 > 108 s

Operator responsible for n nbar

Result: Meff > 100 TeV

Notice the Meff
5 suppression



New project at the European Spallation Source (ESS)



Location of  ~50 experiments
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Hyper K
Proton decay

n-nbar ESS

EDMs
nEDM: PSI, ILL,  FRM2, PNPI, SNS, Triumph

pEDM & muEDM: BNL, FZJ, FNAL, JPARC
atomEDM: Seattle, Princeton, Yale, Harvard, etc, etc…

0νββ
EXO, SNO+, Kamland, NEXT, GERDA, CUORE, NEMO, MAJORANA

muons
MEG (PSI), Mu2e (Fermilab), g-2 (Fermilab), COMET (KEK), g-2 (KEK)

???

DUNE Homestake



Remarques finales
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• Des experiences variées, complémentaires

du LHC

• L’implication de l’IN2P3 est faible

• Des opportunités, par exemple:

Oscillation neutron-antineutron à ESS

EDM sur accélérateurs
• jkl

• jkljklm

•
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Planning the Future of  U.S. Particle Physics

Report of  the 2013 Community Summer Study

Chapter 2: Intensity Frontier



Low energy probes of  BSM

Cirigliano and Ramsey-Mussolf





US vision




