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The motions of a pair of identical gold nanoparticles (GNPs) manipulated by left-handed (LH) or right-handed (RH) Bessel beams of different orders are studied. The surrounding medium is water (refractive index n= 1.33). Figure S1 shows the normalized intensity distributions of different-order Bessel beams of l= 0, 1 or 2, where the wavelength  is 800 nm and the cone angle α is 10°. The radii of the first peak of Bessel beams of l= 0, 1 or 2 are 2115 nm, 1020 nm and 1690 nm, respectively. 
(b)

Fig. S1. The intensity distributions of 800-nm Bessel beams of l= 0, 1 and 2 with a cone angle of α = 10°. 


The motions of the two individual GNPs in water are analyzed. Figure S2a shows the trajectories of two GNPs of a= 50 nm and their center of mass (COM) under the irradiation of a RH Bessel beam of l= 0, propagating along z direction. The amplitude of Bessel beam is . No matter the initial positions of the two GNPs are, they will be optically bound together to form a dimer eventually with a distance of about 600 nm between them, close to the effective wavelength of light in water. Afterward, the two GNPs are trapped within the intensity peak of a Bessel beam ring, where they remain nearly stationary. Nevertheless, both GNPs undergo spinning. The angular speeds of spin, rotation and revolution of the two GNPs versus time are plotted in Fig. S2b. This phenomenon is because Bessel beam of l= 0 only has spin angular momentum (SAM), but does not have orbital angular momentum (OAM) intrinsically. Additionally, for smaller GNPs of a= 50 nm, the effect of spin-orbit interaction (SOI) via the light scattering is very weak, so there is almost no rigid-body rotation and orbital revolution. In contrast, the SOI effect becomes severe for larger GNPs of a= 150 nm, so that a part of SAM of Bessel beam of l= 0 is converted into OAM to induce the dimer’s rotation and the COM’s orbital revolution via the light scattering. The average terminal angular speeds of spin, rotation and revolution of a GNP dimer of a= 50 nm induced by LH or RH 800-nm Bessel beams of l= 0, 1, and 2 are listed in Table SI. The results of a GNP dimer of a= 50 nm irradiated by a LH or RH Bessel beam of l= 1 are shown in Fig. S3. There is no precession in the COM’s orbital revolution, as shown in Figs. S3a and S3c. 

(a)
(b)

Fig. S2. (a) Trajectories of two GNPs of a= 50 nm irradiated by 800-nm RH Bessel beam of l= 0 and α = 10°. (b) The orbital radius of COM and the angular speeds of spin, rotation and revolution of GNP dimer versus time. 

Table SI. The average terminal angular speeds of spin, rotation and revolution of GNP dimer of a= 50 nm induced by LH/RH 800-nm Bessel beams of l= 0, 1, and 2 with a cone angle of α = 10°.
	(kHz)
	LH
	RH

	Order
	C
	P
	ωS
	C
	P
	ωS

	l= 0
	-2.55x10-4
	-2.55x10-4
	-19.35, -19.34
	2.55x10-4
	2.55x10-4
	19.35, 19.34

	l= 1
	1.59
	1.59
	-40.09, -40.25
	1.58
	1.58
	40.06, 40.29

	l= 2
	0.81
	0.81
	-27.96, -28.11
	0.81
	0.81
	27.94, 28.13
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Fig. S3. The trajectories of a smaller GNP dimer of a= 50 nm, irradiated by a (a) LH and (b) RH 800-nm Bessel beam of l= 1 with a cone angle α = 10°. (c) and (d) are the orbital radius of COM and the angular speeds of spin, rotation and revolution of GNP dimer versus time, corresponding to (a) and (b), respectively. 

[bookmark: _GoBack]The motions of the two individual GNPs of a= 100 nm or 150 nm in water under the irradiation of a Bessel beam of l= 2 are analyzed. Figure S4 shows the orbital radius of COM and the angular speeds of spin, rotation and revolution of two GNPs of and their COM versus time. The variations in the orbital radius of COM and the angular speeds of the dimer’s rigid-body rotation and COM’s orbital revolution are observed in Figs. S4a and S4d, implying a precession in the orbital motion. For the smaller GNP dimer (a= 100 nm), the direction of the rotation is CW due to LH Bessel beam, and the direction of the revolution is CCW due to the positive order (l= 2), as shown in Fig. S4a; they are opposite. For the larger GNP dimer (a= 150 nm), the reverse rotation is observed due to the negative optical torque, resulting in the opposite directions of the rotation (CW) and the revolution (CCW), as shown in Fig. S4d. For the other cases of Figs. S4b and S4c, the angular speeds of rotation and revolution converge towards the same, and the COM’s orbit is a circle eventually. For both cases, there is no precession. 
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Fig. S4. The orbital radius of COM and the angular speeds of spin, rotation and revolution of GNP dimer of a= 100 nm, induced by (a) LH and (b) RH Bessel beam of l= 2 and α = 10°. The results of GNP dimer of a= 150 nm induced by (c) LH and (d) RH Bessel beam. Black solid line: orbital radius of COM. 

image2.wmf
0

MV

11.89 ()

m

E

=


oleObject1.bin

image3.png




image5.png




image4.png
(un) snipey

=
Q\

time (ms)

- - - - -
|

(ZHY) AMO0[9A Je[nsuy




image7.png
(un) snipey

=
Q\

time (ms)

- - - - -
|

(ZHY) AMO0[9A Je[nsuy




image6.png
1000

y (nm)

-1000

-1000

0
x (nm)

1000




image8.png
1000

y (nm)

-1000

-1000

0
x (nm)

1000




image9.png
1000

y (nm)

-1000





image10.png
1000

y (nm)

-1000





image11.png
————

S1

—— == ()

-
o0

() snipey
9\

o0
— -

|
¢
|
¥
i
$
|
T
i
|
_
i
_
]
i
]
$
/

"
\- \
%ﬁ

- S =
F <t

(zH3]) Ao0[oA Je[n3uy

0.08

0.04

=
1

time (ms)




image12.png
————

S1

—— == ()

-
o0

() snipey
9\

o0
— -

|
¢
|
¥
i
$
|
T
i
|
_
i
_
]
i
]
$
/

"
\- \
%ﬁ

- S =
F <t

(zH3]) Ao0[oA Je[n3uy

0.08

0.04

=
1

time (ms)




image13.png
————- Q.

S1

N T A T pemp— w

30

(wm) snipey

S

2

1

*_h

=P ST T e = m— @ = e ) w——

o e e et e e e i o e e e s e

= = =
< <

(ZHY) AMO0[9A Je[nsuy

0.08

0.04

=
1

time (ms)




image14.png
————- Q.

S1

N T A T pemp— w

30

(wm) snipey

S

2

1

*_h

=P ST T e = m— @ = e ) w——

o e e et e e e i o e e e s e

= = =
< <

(ZHY) AMO0[9A Je[nsuy

0.08

0.04

=
1

time (ms)




image15.png
Angular velocity (kHz)

40

N— o AN /

0.08
time (ms)

— — ﬁ — —
0 V lllll —
------- ‘------I

0.16

1.2

Radius (um)




image90.png
Angular velocity (kHz)

40

N— o AN /

0.08
time (ms)

— — ﬁ — —
0 V lllll —
------- ‘------I

0.16

1.2

Radius (um)




image16.png
40

(wm) snipey]

= 3
EE -
T + SERERES)
| |
bt I
] + A T
7 | A=
| | I
T 3 I
[T
|| !
yob
HEl
vl
. 00
T 4 S
|1 -
i |y
yoio |
I
7k d
|| /
v
Wb e
i \ e
wv..u/\_p O
- -
<

(ZH3]) A100[9A Je[nSUyY

time (ms)




image110.png
40

(wm) snipey]

= 3
EE -
T + SERERES)
| |
bt I
] + A T
7 | A=
| | I
T 3 I
[T
|| !
yob
HEl
vl
. 00
T 4 S
|1 -
i |y
yoio |
I
7k d
|| /
v
Wb e
i \ e
wv..u/\_p O
- -
<

(ZH3]) A100[9A Je[nSUyY

time (ms)




image17.png
40

() snipey

O

* 0

I
| |
%
¢ _f
| Ly
t |
| o
! N
l r
| )
} I ]
| L2
9
1 | |
v 1
: 1l
o .
G
¢ T
_/ .

\O < ="

(ZH3]) A100[9A Je[nSUyY

1.2

0.16

time (ms)

0.08

-
=
N




image130.png
40

() snipey

O

* 0

I
| |
%
¢ _f
| Ly
t |
| o
! N
l r
| )
} I ]
| L2
9
1 | |
v 1
: 1l
o .
G
¢ T
_/ .

\O < ="

(ZH3]) A100[9A Je[nSUyY

1.2

0.16

time (ms)

0.08

-
=
N




image18.png
Angular velocity (kHz)

40

0.08 0.16

1.2

Radius (um)




image150.png
Angular velocity (kHz)

40

0.08 0.16

1.2

Radius (um)




image1.png
& = N





image2.png
& = N





