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Introduction of a laser-based mercury co-magnetometer

 Aim: correct the neutron frequency for the drifts of the magnetic field
* Optical pumping **°Hg, flip Hg-spin, measure the precession frequency fy,
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érTo MSR, n2EDM measurement
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Locking with frequency modulation technique
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Photo of the locking scheme

Laser path to the experimental area

* Challenge: Free-space propagation > 10 m
* Transit points: Boxes with foam protecting optics from acoustic waves
* |n future: Fibre test for the pump beam; guiding laser to chambers

3D-drawing of the laser propagation setup

Hg related systematic effect in the n2EDM experiment

Dominant effect from the motional field B_m) =V X E)/c2

According to the Spin relaxation theory: §w = dwgz + Swpg + dwg-2

— quadratic terms can be mostly canceled with the double chamber design.
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—Study the relationship between dncng and the magnetic field gradient
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Alternative solution: tune the B, field to a “magic” value to cancel d; 735, out

Mercury absorption lines
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Optical pumping process of °°Hg, a fermionic isotope of mercury

gTo MSR, n2EDM measurement
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Zoom-in view of the Doppler-free peak

Detection scheme + Measurement

* Spin polarize **?Hg atoms
* Release Hg into precession chambers =2 Hg “cohabits” with UCNs
* Apply frr = 8 Hz = Flip the Hg spin by /2

* Hg free precession =2 UV beams traversing two chambers
t

* PDsignal: A(t) = ae Tzsin(2mfygt + ¢o) = extract fi,
Polarization cell
\ B
_4::_"‘ Balance PD B -
g 05 ‘—1
-
= UV probe beam TOP chamber
— 1
& 0.0- ' [
= -
§ -05 ‘: I
5 UV probe beam BOT chamber
~1.0 ‘ %
. . Bal PD
n/2-flip free precession ° anse - - .- . B,
time
Polarization cell
Differential PD signal Sketch of measurement scheme
— 20 .
5 1 S 5
ﬂ_ﬂJ — = <t
-y - |
L i 15 o 2
% 0.5/ 3 2
& = -
K - & =
O B T 10t 3 ?
i 5 E
O S
i :H =
0.5 = ..
B b N T, LI A—
1= I—
B r‘. | | | | | | | | | | | | | | | | | | “l
-1000 -500 0 500 1000 =55 i i i 50 5e
g, (pT/cm) By | uT

Left: False Hg EDM measured in the nEDM experiment in 2015 Eur. Phys. J. D (2015) 69: 225
Right: Choose a magic field value to cancel the false EDM out physics Letters B 793 (2019) 440-444



