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Abstract

 Optical levitated nanodiamondsareה
spin - optomechanical system

The trouble is that beams heat diamondה

They propose to use doughnutה - shaped 
laser beams 
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1.Introduction
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Optical tweezers

trap to focal point
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Optical levitation of nanodiamonds

Nanodiamondnitrogen - vacancy (NV) 
centers are used quantum elements

NanodiamondNV centers 

Merit
)long spin coherence timeה ρͯπ‘ί)
high quality factorה

( ρͯπ in 0 ρπὖὥ)



Problems

Thermal damage problem

Diamonds absorb energy from laser

ᵑ reduce the heat absorption
ᵒ improve the laser



2.Proposal



Proposal

ᵑ reduce the heat absorption
ќ silica coat nanodiamonds

ᵒ improve the laser
ќ doughnut laser



Setup of the system

(a)The setup of the system
(b)Front view and (c)side view of the beam

core radius
r=100 nm

shell radius
R=1 ‘ά

P=100 mW
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3.Trapping stability



Optical trapping potential

Particle size must exceed a critical radius Ὑ

2ה Ὑ
Ὗὼ has a double - well

2ה Ὑ
Ὗὼ has a single - well

linearly potential ὒὋ beam

P=100 mW



Stability in doughnut beams

₃
Azimuthally polarized beam linearly polarized ὒὋ circularly polarized ὒὋ

‎:damping rate

₃ ×

Stability depends on polarization

stable

unstable

stable stable

unstable unstable

ὖ ρππάὡȟὶ ςπὲά



Stability in doughnut beams

Circularly polarized LG are NOT appropriate

linearly polarized ὒὋ circularly polarized ( ὒὋ) ₃ ×

ὖ ήὖ

stable stable

stable

unstable unstable

unstable unstable

ὖ ρππάὡ
ὶ ςπὲά
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4.Suppression of heat 
absorption



Intensity distribution
The heat absorption depends on both polarization and OAM

Intensity of beam
azimuthal polarized

Ὅ ὃ Ὧὼ

ὒὋ beam
Ὅȟ ὃȟ π ὰ ρȟς

Ὅ ὃ Ὧὼ ὰ σ
Ὅ ὃ Ὧὼ ὰ τ



Suppression of heat absorption
The heat absorption depends on both polarization and OAM

suppression ratio

‚ḳ
ὧ

ὧ ȟ

ὧ :absorptive coefficient
ὧ ȟ:absorptive coefficient in 

Gaussian beam

R=900 nm, ὖ ὖ υπάὡ

ὒὋȟ are NOT appropriate



The equilibrium temperature

‖:imaginary part of refractive index of core
‖ :shell absorptive coefficient 


