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Figure 1 Schematic diagram of optical levitation (a) and optically
induced rotation (b). The horizontal line in (b) represents the optical
axis of the particle consists of optical birefringent material.
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Figure 2 Experimental setup. VC represents the vacuum chamber.
PBS represents the polarized beam splitter.
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Figure 3 Scanning electron microscopy (SEM) image of vaterite
particles.
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Figure 4 Rotational frequencies of particles under different laser
powers.

1500 -

1200 |

900 |-

iR (Hz)

600 [

300 |
0F '—lr i . .
0 30 60 90
214R8E (%)
B 5 AR AR N KL A
Re‘a'J(l - cosb)zsinz(Zq) -c)— sinz(b)cosz(Z(p -c)l,
A A

Figure 5 Rotational frequencies of particles under different
angles of wave plate. The fitting function is

Re{a'J (1 — cosh)’sin’(2p — ¢) — sin’(b)cos* (29 — ¢) |,

are constants for fitting.
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Figure 6 Rotational frequencies of particles under different pressures.

SR 1G58, I T B RLT2 2 NOLRE k. I
17 (a) BT (1 F S Bl S 18] (K22 Ak ih 26T AR M, KL T
MR IFARE, S EEENESD. XA sl
AR 2 P HPRE 5 e e R BEAT 5 i LR E, RARANA
(¥, BrCLA L EX AT AL, DL B R AR
SE LR H .

3.3 BRI E AR R

MR I e e ) 715 J7 RE(2) Kot 1 /) 2
J32 77 REQU) AT RN, WL PR e i 52 BB IRA0 AR (i
JeTE L BotMmIR) AL E (UK KM, XS
s, RIS ROREFHR AR, JEL IR RO
MIZhREENE fmRs AR E P AR A RGN USRS

(b) -20 . . . .
7.86 MHz ]

18 (dB)

3

 §
7.0 7.2 7.4 7.6 7.8 8.0
R (MHz)

B 7 (a) KLy BERe A5 5 A 1 B I 1) A2 AR R (R AE AN BT B); (b) b 2 g A3

Figure 7 (a) Spectrum of rotational signal of particles versus time (the pressure is decreasing); (b) spectrum of the moment b.

1355



LS LR R T e R VE AT 7T

Fase ik, AT DR KRR FE Hh B A i il 3.

BT DR EBERE RS, BRI s
XGRS AR T [ FE T8 AE30 Pali)
M ENAE B, BT i SR AR e, AR
FaE, BrblEA HILET7(a) s i B TR AR S
MR IN G, PR R (1) P 3 5533 29 915000 Hz,
BB T BSez il B REahs, 86 KEERT
B, (B LT A Kid B A 3.

X2 R R #az 20 S BOHAR B0 O, A
T SR T BTS2 B S 0806 D23 T ke, BT T
I8 T I e il UK B A Btk sh. B A
A RIBOE BT R, HortiEsk, Arbly
b7 RAERGEEIN, SRR ISR TR KRN
(K19).

HIEFERL T AZ B0 R S R, AREE TR AR
TREFRLF AR O, L T ARSET
SR/, WEN0FTR, AN FEACUER, @il
VAT 1/43% Fr ACSCAR BBl 77 55 1 5 A8 A3 00 (1) 7 T8
YERELE1100 Hz, IR 10 7% 1 0 1 b o 22 A5 A0 A
A DAE Y, WL 2 S 3 B O B0 T A4 1
K. X5 S BN T o8 sy om,  JEm
FRRLT M B IO 0, AT 5 UG T B R AH 1.

TEARFFSEAZ RIS, RO A 0% 1, BIeR
AR IR BN SRR RN, HE A R AR TEAN ]
MFEEEGLR, WAL T R 3 K/ an B 1R
ERYE S R S g 2 A VAR R S RS ST N
862 Hz - T+ 421497 Hz, {H 2 E M3 sh %A R H

1.6 T T T

F2IR (Hz) x10°

0 5 10 15 20
518 (s)

Bl 8 Ry AL Az B BRI I S AL
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Figure 9 Schematic diagram of the deviation from the center of the
laser due to the particle thermal motion, which results in the decrease of
laser power.
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Figure 10 Comparison of rotational fluctuation when the rotational
frequency maintains stable under different pressures. STD represents
the standard deviation of rotational frequency.
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Investigation of rotation characteristics of optically levitated particles

ZENG Kai, PU JunJi, WU YuLie, XIAO DingBang & WU XueZhong

College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China

A levitated optomechanical system levitates particles in the air or vacuum, which insulates the environment noise well and plays an
important role in many fields related to precision measurement and quantum science. This system uses a circularly polarized laser to
drive particles to spin, which can carry out research on torque measurement, gas identification, and vacuum friction. This paper
describes a vacuum optical levitation and rotation experimental device based on the rotating dynamics model of optically levitated
particles. The average speed and fluctuation of the rotational speed of levitated particles are studied. The results show that the stronger
the laser power that affects the optical torque and the closer the laser polarization is to the circularly polarized light, the greater the
average rotational speed of particles. However, the main factor that affects the average rotational speed of particles is the damping
torque. The average rotational speed can be increased by reducing the ambient pressure to reduce the rotational damping of particles.
When the pressure decreases to 0.1 Pa, we drive the spherical vaterite microsphere with a diameter of 4 um at a speed of 3.93 MHz.
Simultaneously, in a low-damping environment, the thermal motion of particles also becomes obvious, resulting in a change in the
equivalent laser power of levitated particles with the thermal motion. Subsequently, the rotational speed fluctuation also increases
with pressure decrease. This paper, for the first time, investigated the rotational frequency fluctuation under unchanged pressure and
varying mean rotational frequency. These conditions further illustrate the effect of thermal motion on rotational frequency. Besides,
the relative fluctuation of rotation with changing pressure is investigated, and the results allow for the potential application of
optically levitated rotors in the field of gyroscopes. These results are of great significance for improving the existing applications of
optical levitation systems and opening new fields.

levitated optomechanical systems, optically induced rotation, ultra-fast rotation, stability of rotation
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