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Exploring new physics beyond standard

model by NV centers

» Searching for new particles beyond the
standard model is crucial for
understanding several fundamental

conundrums such as

® Dark matter
® Dark energy

® Hierarchy problem

Space Sci. Rev. 98, 329 (2001)

Top 20 unsolved fundamental
problems in physics
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Supersymmetry and Vacuum Fields
The Electromagnetic Zero-Point Field
The Cosmological Constant Problem
The Hierarchy Problem

Grand Unification

Quantum Gravity

Neutrinos

The Identity of Dark Matter

The Microwave Background Horizon Problem

Particle Properties and Causality
Fundamental Constants

Was There a Big Bang?

The Topology of Space

The Dimensionality of the World
Mach’s Principle

Negative Mass

The Origin of Galaxies and Other Structure
The Origin of the Spins of Galaxies
The Angular Momentum/Mass Relation
Life and the Fermi-Hart Paradox



Spin-dependent macroscopic forces from new particle
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Searches for exotic spin-dependent
Interactions with NV centers

spin-mass interaction

1 I — d
Vo10 = B (UiU ) ' (1 - ’E) y(r) ,

Xing Rong et al., Nature Communications, 9:739 (2018)

exotic dipole—dipole interaction

Vo = a'y(r) ,

Xing Rong et al., arXiv:1804.07026 (2018)
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Spin Magnetic Resonance

Principle: The spins which locate in a magnetic field can absorb and
re-emit electromagnetic radiation with a specific resonance frequency.

The MR technology is capable
of obtaining information of hv = AE
subjects composition and
structure in an accurate, rapid
and non-destructive way.
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NV sensor

Magnetic field sensitivity (per Hz'/?)
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Constraints on spin-mass interaction
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Limitation: The size of the sensor!




Limitation of the sensor (an example)
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The thickness of the cell (the sensor)
is 250 um. It is very challenging to
make it much thinner.

The investigated force range is
above ~100 um

PHYSICAL REVIEW D 87, 011105(R) (2013)



Constrain spin-mass interaction
with pm scale
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Objective  § S (NV)

— v" Atomic scale
=) Shorter force range

v" Near surface
advantages

v" Precise quantum control === (500d sensitivity

— v NV+AFM =) Cancel unwanted signals

Xing Rong et al., Nature Communications, 9:739 (2018)



Experimental sequence

L
M Laser (n/2), (m), (/2
Init. Read




Experimental result

W/o M With M d
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Six separated runs statistical errors: ~ 0.02 rad
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Table 1: Systematic error summary.

Systematic error Size of effect  Correction to ¢ g5 for 20 um
diamagnetism of M —11.28 x 107° (5£5) x 10720
diamagnetism of the tuning fork —11.28 x 107° (3.840.3) x 10=2°
phase jitter of microwave 1.3 ps (0.0£1.7) x 10=%7

T3 dephasing 670 + 41 ns (0.0 +1.9) x 10=%
shortest distance between M and S 0.54+0.1 um (0.1 4+£3.0) x 10717

the amplitude of the modulation of M 41.1 £ 0.1 nm (0.0 £ 1.3) x 10717

the radius of M 250 & 2.5 um (0.1 £3.7) x 10718

the angle between B.; and NV axis 54.7 4 3° (0.444.2) x 10716
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Constraint on exotic interaction
between electrons

Magnetic dipole-dipole coupling
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We now experimentally search for this type of exotic dipole-dipole
coupling (21,

[1] B. A. Dobrescu and I.Mocioiu, J. High Energy Phys. 11, 005 (2006)
[2] Xing Rong et al., arXiv:1804.07026 (2018)




Experiment technique and setup
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Experimental pulse sequence
for searching exotic interactions

|
(a) 520-nm laser 532-nm laser rf MW

___—» Prepare the polarized electrons
in pentacene

————— wZ T Teen Detect polarized
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The fitting provides:
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(0.04+2.16) x 1017,
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Xing Rong et al., arXiv:1804.07026 (2018)




Experimental pulse sequence

for searching exotic interactions

(a) h d ; TABLE I. Summary of the systematic errors in our exper-
— ‘—l iment. The corrections to g§ g3 /4mhe at A = 500 um are
- 3 listed.
Systematic error Size of effect Corrections
. Deviation in x-y plane 0=+10 pm (0.6%1.3) x 10~°"
pentacene . —99
_ Distance 12+1.3 pm (—1+80) x 10
— 2l €@= 532nm . oherence of S 405 + 23 ps (8.0 + 1.0) x 10~22
S Decay time 7T+1 pus (5 +36) x 107!
5 Radius 35+£5um (3£7)x107%
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Xing Rong et al., arXiv:1804.07026 (2018)



New constraint on exotic interaction

between electrons
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We established upper limits on this type of exotic spin-dependent
interaction in the force range 10 to 900 pym.

Xing Rong et al., arXiv:1804.07026 (2018)
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