
||

Solange Emmenegger, Institute of Particle and Astrophysics, ETH Zürich

Looking for axion-like dark matter candidates with nEDM 



||

 Matter – Antimatter asymmetry? 
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Big Open Question

i) Baryon number

violation

ii) C and CP 

violation

iii) Departure from

thermal 

equilibrium
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 No CP violation in strong sector  fine

tuning problem

 nEDM  CP violation: 

𝐻 = −2 𝜇𝑩 + 𝑑𝑬 𝑺

𝐻 = +2 𝜇𝑩 − 𝑑𝑬 𝑺 ≠ 𝐻

 If CPT is conserved: 

CP = T transformation

 Spin S and magnetic field B reversed under

T transformation

 Electric field E is not affected.
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CP Violation

CP-transformation
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 Difference between E-field up and down: 

Δ𝐸↑↓ = 4𝑑𝑛𝐸

 Ultra cold neutrons (UCN) are stored in 

the precession chamber
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Measurement of an nEDM (1) external clock

spin-up

neutron

π/2 flip

pulse

π/2 flip

pulse

free

precession
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 Measurement for different RF frequencies

Ramsey pattern

 Center of the curve = Larmor frequency of

the neutrons

 α visibility
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Measurement of an nEDM (2)
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 Apparatus at PSI

 World’s best result: 

𝑑𝑛 = 0.0 ± 1.1𝑠𝑡𝑎𝑡 ± 0.2𝑠𝑦𝑠 × 10−26𝑒 ∙ cm

Corresponds to:

𝑑𝑛 < 1.8 × 10−26 𝑒 ∙ cm (90% CL)
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nEDM at PSI 
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 Goal: one order of magnitude of

improvement

 Challenge: Control of magnetic fields

30 fT over 180s stability
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Next Endeavour: n2EDM
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Achieving Magnetic Field Stability

Passive Shielding

Active shielding

 Other part

of my work
Cs Magnetometry

 Duarte’s talk

Mercury

co-magnetometer
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 SM Prediction:

ℒ𝑄𝐶𝐷 = −𝜃
𝛼𝑠
8𝜋

𝐺𝐺
𝜇𝜈
𝐺𝜇𝜈
𝐺

 Current limit of 𝑑𝑛  𝜃 ≲ 10−10

 Peccei Quinn suggest: turning 𝜃 into an dynamical field, the axion 𝑎(𝑥)

 Coherently oscillating field with amplitude depending on DM density

𝜃𝑎 =
𝑎

𝑓𝑎
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Axion-like Dark Matter
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 Axion manifestation: 

𝑑𝑛 ≈ +2.4 × 10−16
𝐶𝐺𝑎0
𝑓𝑎

cos 𝑚𝑎𝑡 𝑒 ∙ 𝑐𝑚

 Search for Axionlike Dark Matter through 

Nuclear Spin Precession in Electric and 

Magnetic Fields

C. Abel et al. Phys. Rev. X 7, 041034 (2017)
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Axion – Gluon Coupling (1)
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 Axion can also couple to the Hg-atoms

𝑑𝐻𝑔 ≈ +1.3 × 10−19
𝐶𝐺𝑎0
𝑓𝑎

cos 𝑚𝑎𝑡 𝑒 ∙ 𝑐𝑚

 Advantage: higher sampling rate & 

equidistant sampling
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Axion – Gluon Coupling (2)

Intrinsically smaller sensitivity
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Hg Co-Magnetometer

Layout of nEDM
50’000 cycles x 180 s x 100 Hz
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What signal to expect? 
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Hg Peak

filter

level of ADC noise

some Axion signal

• Axion peak appears on 

both sides

• 𝑓𝐻𝑔 − 𝑓𝑎𝑝 = 𝑓𝑎

DC offset

FM-modulation of the Mercury frequency
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Outline of the Analysis

 RMS Average FT of the data (average over 50’000 cycles)

 Construct 𝐻0:

 Construct 𝐻1:             … + axion signal

 Use CLs method

Hg signal + Gaussian noise

+ filter + ADC
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Filter, Noise & ADC Noise

 Transmission function of the

filter is given

 Can extract ADC noise
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Distribution of power for every frequency

100 simulations of 50’000 cycles

1σ3σ5σ

power



|| 08.09.2020Solange Emmenegger 17

Axion Hypothesis

(𝐴1𝑒
−𝜏1∗𝑡 + 𝐴2𝑒

−𝜏2∗𝑡) ∗ sin(2𝜋𝑓(1 + 𝐴𝑎 sin 2𝜋𝑓𝑎 ∗ 𝑡 + 𝜑𝑎 ∗ 𝑡 + 𝜑𝐻𝑔)

Which of those axion signals would one see ?

 Depends on 𝐴𝑎 and 𝑓𝑎 (axion amplitude and axion frequency)

 Simulate datasets with axions in this 2D parameter space

axion part
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Axion Hypothesis

power at the axion peak

PDF

power of the data

time series

p-value

Simulation with 𝑓𝑎 and 𝐴𝑎

𝑓𝑎

𝐴𝑎

exclusion plot

smaller p-values

= exclusion

 cover the whole exclusion plot
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 With nEDM measurement very interesting side analysis are possible

 New result on axion-gluon coupling
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Conclusion
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Thank you for the attention!
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