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• electron-nucleon monopole-dipole interaction

 Nature Communications 9, 739 (2018)

• parity-odd spin- and velocity- dependent interaction

 arXiv:2009.09257 (2020)

• parity-even spin- and velocity- dependent interaction

 arXiv:2010.15667 (2020)
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No signal Constraint has been set

Nature Communications 9, 739 (2018)
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No signal Constraint has been set

arXiv:2009.09257 (2020)
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f = 70.47 kHz
A = 120 nm
d : 1 -> 12 μm
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𝑔𝑔2 0 = 0.25 < 0.5

This is a single NV center close to the surface 
with depth less than 10 nm

T2 = 77(3) μs
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Phase of the mw pulses Phase shift due to the hypothetical interaction
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WITHOUT
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WITH

When d = 1 μm, Φ = 0.128(3) rad, 
the corresponding averaging magnetic field isb = 51(1) nT.
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The dependency of the magnetic fieldb on the velocity of the mass

This effect is velocity dependent.
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The dependency of the magnetic fieldb on the distance d.
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• Tuning fork?

• Spins in the moving mass ?

• Diamagnetism of the moving mass?

• Electric charge on the moving mass?

• …
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SPINS IN THE MOVING MASS

Under ambient condition, B = 473 Gauss,
Polarization of 1H ~ 3E10-4
Polarization of 29Si  ~ 6.5E-5

Fused Silica (SiO2) [ from Edmund Optics ]
Impurities (1H) <0.1%

29Si 4.7 %
17O 0.04 %

Effect due to the spins in the moving mass is negligible.
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The effect of the diamagnetism of the moving mass can be canceled by the spin 
echo sequence.

Considering the imperfection of the synchronization of the Hahn-echo sequence 
(less than 40 ns), the magnetic signal is less than 2.3E-7 nT, when d = 1 μm. 
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𝐵𝐵 =
𝜇𝜇

4𝜋𝜋
𝑞𝑞

𝑣⃑𝑣 × 𝑟𝑟
𝑟𝑟3

Biot-savart law

The electric charge on the moving mass will generate magnetic field on the NV center!



22

Case 1 Case 2 Case 3

Q =2.2E-11C
r = 0.79 μm



23

Ez = 120 𝑀𝑀𝑀𝑀/𝑐𝑐𝑚𝑚
E⊥= 160 𝑀𝑀𝑀𝑀/𝑐𝑐𝑚𝑚

Ez : electric field along NV axis
E⊥: electric field perpendicular to NV axis

Simulation by COMSOL

Electrical breakdown occurs in the air when the dielectric strength of the air is exceeded.
E=30kV/cm in the air at ambient condition will lead to break down. We have not observed such effect.
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The screening effect, according to recent 
experimental data [1], the screening effect is 
about η ~0.3

[1] K. Bian, et al, arXiv: 2011.04473(2020)

d// = 0.35 (2) Hz cm / V d ⊥ = 17 (3) Hz cm / V

We have to discuss the effect of such strong eclectic field on  the NV center.

The difference between the 
resonance frequencies in 
our experiment when d = 1 
and 20 μm. 

Chem. Phys. Lett. 168, 529 (1990)
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Electric charge on the moving mass?

If we use the charge on the moving mass to explain the dependency of 
the magnetic signal on the distance, the corresponding electric field is 
too strong.

• Electrical breakdown has not been observed.
• Resonance frequency shift due to such strong electric field has not 

been observed.

Thus we can exclude the electric charge on the moving mass as the 
source of the magnetic signal.
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• Tuning fork? NO

• Spins in the moving mass ? NO

• Diamagnetism of the moving mass? NO

• Electric charge on the moving mass? NO

• Exotic spin dependent interaction?
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Dobrescu, B. A. & Mocioiu, I. Spin-dependent macroscopic forces from new particle exchange. 
J. High Energy Phys. 11, 005 (2006).
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Fast decay

slow decay
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