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JÑ|^�ßº��éà���p� Bessel-Gauss 1å?1­ï. Äuû�nØ, ©Û
p� Bessel-Gauss 1
åà���­ï1�, ê��[p� Bessel-Gauss 1å²�ßºà�2ÏL,��ßº­ï�n�1|©ÙÚ�¡
1r©Ùã. (JL², p� Bessel-Gauss 1å²ü��ßº��)¥��Û��%1å, 3�: �?���, �
�×�uÑ; 3�:�Ü· �?�\,��ßº�
��:�uÑ�1å, ¦�Ù�1|ØC, E÷v Bessel ©
Ù; ¢�(J�nØ©Û�ÎÜ. ïÄ(Jé1p!âfÓ¼�ö�äk�½���¿Â.

'�c: û�nØ, DÑÝ
, p� Bessel-Gauss 1å, ­ï

PACS: 42.25.−p, 42.25.Fx, 41.85.Ja

1 Ú ó

p� Bessel-Gauss 1å (HBGBs) Ïäk¥%
1r�"!gd�m¥1|ØC!¿�kÚ^�
 Ïf�5�
Úå<��2�'5 [1−3], ù
Õ
A�5�¦Ù3-1O�!1p!&E?è!1
Æ�âö��+�äkd3�A^cµ [4−7].

HBGBs �ÏLp� Laguerre-Gauss 1å\�
¶cI�) [8], ��±ÏL�E1Æ���{�
) [9]. 'u HBGBs �DÑ�C���´<�ïÄ
�9:. ë�7� [10] '�
� �Ú� � �
�"�Ú�� Bessel-Gauss 1å² ABCD XÚD
Ñ�A5, Eyyuboglu[11] ïÄ
Ù3ë60�¥�
DÑL§, ë«û� [12] ©Û
ÙÏL���N1
ÆXÚ��DÑL§, ºà�� [13] ïÄ
 HBGBs
²ü��ßº��1åà�L§, �©z [13] =�
unØ©Û, ¿�¢��y, �XÛ­ï²ßºà
��� HBGBs ÿ�?1L&?. �©JÑ|^�
ßºéà��� HBGBs ?1­ï, Äuû�nØ
©Û
­ïL§, ê��[à��q¢y­ï�n
�p�1r©Ù. ïÄ(JL² HBGBs ²�ßº
à�A5�"� Bessel 1åà�L§�q [14], Ñ
¬�)Û��%1å, ��²¡?����; 3�
ßº�·� �?�\,��ßº��±Ù�1

|ØC, E÷v Bessel ©Ù, ¢y HBGBs �­ï;
��|^Ú^� �Ú¶cI����O¢�, ¢
�(JéÐ/�y
nØ©Û.

2 p� Bessel-Gauss 1å

p��l�1åÓ"� Bessel 1å��, �´
�²��È�, n��p� Bessel 1åäkÃ��
�Uþ, ¢Sþ´Ø�U¢y�. 
 HBGBs �»
�©ÙÉ Gauss ¼êN�, ´�±¢y�, Ïdï
Ä HBGBs �DÑÒ�ky¢¿Â.

HBGBs �1|L�ª�

E(r, θ) = E0Jn(αr) · exp
(
− r2

ω2

)
exp(−inθ), (1)

Ù¥ E0 �~ê, ω ´ Gauss 1å�1���, n

´ Bessel ¼ê��ê.
d (1) ª�±wÑ, 1|�ÌÉ Gauss ¼ê�

N�, �1� ω ��, �ÌÉN��²w. ã 1 �Ø
Ó1���� Bessel-Gauss 1��¡1rã.

3 HBGBs �à�Ú­ï

C ¶ C q e, � HBGBs Ï L D Ñ Ý 
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�

 A B

C D

 �1ÆXÚ, dÎ�Ie� Collins ú

ª��DÑ��1|

E2(ρ, ϕ, z) = − i
λB

exp(ikz)
∫ ∞

0

∫ 2π

0

E0Jn(αr)

× exp
(
− r2

ω2

)
exp(−inθ)

× exp
{ ik

2B

[
Ar2 − 2rρ cos(ϕ − θ)

+Dρ2
]}

rdrdθ, (2)

K1r©Ù�

I(ρ, z) =
(
|E2(ρ, ϕ, z)|

)2

=
( E0

λB

)2
∣∣∣∣ ∫ +∞

0

Jn(αr)Jn

(krρ

B

)
× exp

[
− r2

ω2

]
exp

{ ik
2B

[Ar2 + Dρ2]
}

×dr

∣∣∣∣2. (3)

·���"� Bessel 1²�ßºà����
)¥��Û��%1� (bottle beam)[14], 2²L,
��ßº�¢y"� Bessel 1�­ï [15]. e¡k
©Û HBGBs ²ü��ßº��à�L§, 2­:
©Û²L,��ßº��­ïL§.

ã 1 ØÓ1�º���� Bessel-Gauss 1å�¡1r
ã (a) ω = 0.25 cm; (b) ω = 0.5 cm

ã 2 � HBGBs ²�ßºXÚà��2­ï«
¿ã, ü�ßº��å©O� f1, f2, §��m�å
l´ f1 + f2.

|^ (3) ª�¦²ü��ßº f1 à�� z1 ?

�1|©Ù, d��DÑÝ
� A B

C D

 =

 1 z1

0 1

 ,

 1 0

− 1
f

1

 =

 1 − z1

f
z1

− 1
f

1

 . (4)

ã 2 HBGBs \��ßºXÚ«¿ã

ò (4) ª¥� ABCD �\ (3) ª�� z1 ?�
1|©Ù

I(ρ, z1) =
( E0

λz1

)2
∣∣∣∣ ∫ +∞

0

Jn(αr)

×Jn

(krρ

z1

)
exp

[
− r2

ω2

]
exp

{ ik
2z1

×
[(

1 − z1

f

)
r2 + ρ2

]}
rdr

∣∣∣∣2. (5)

XJ�¼��ßº f2 � z2 ?�1|©Ù, Kd�
�DÑÝ
C� A B

C D

 =

 1 z2

0 1

 1 0

− 1
f2

1


×

 1 f1 + f2

0 1

 1 0

− 1
f1

1



=

 −f2

f1

f1f2 + f2
1 − f1z2

f2
f2

f2
1

− 1
f2

−f1

f2

 . (6)

ò (6) ª¥� ABCD �\ (3) ª��ßº f2

� z2 ?�1|©Ù

I(ρ, z2) =
( E0f2

λ(f1f2 + f2
1 − f1z2)

)2
∣∣∣∣∣
∫ +∞

0

Jn(αr)

×Jn

( krρf2

f1f2 + f2
1 − f1z2

)
× exp

[
− r2

ω2

]
exp

{ ikf2

2(f1f2 + f2
1 − f1z2)

×
[(

− f2

f1

)
r2 +

(
− f1

f2

)
ρ2

]}
rdr

∣∣∣∣∣
2

. (7)

�â (5) Ú (7) ª�[ z DÂ¶þ�1|©Ù, ÀJ
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�ßº f1 � z ¶å: �, �[ëêÀJ E0 = 1,
n = 1, α = 1, ω = 0.5 cm, f1 = 10 cm, f2 = 10 cm.

ã 3 ��� Bessel-Gauss 1å²�ßº f1, f2

��n�1|©Ùã, �ßº f1, f2 ©O3 z = 0,
20 cm  �?, ã 4 � z ¶ØÓ �?��¡1r
ã, dã 3 Úã 4 �±wÑ, �� Bessel-Gauss 1
å²L�ßº f1 à��¬�)Û��%1å, 3
�: z = 10 cm ?�¡1r©Ù����, 
3
�:�V�º�C�, 1åUYuÑ, �¥%1r
©ª�". �à���1å²�ßº f2 �1��
±ØC, 1r©ÙE÷vp� Bessel ©Ù, ¢y�
� Bessel-Gauss 1å�­ï.

dã (3) Ú (4) ��*/wÑ, HBGBs ²�ß
ºà�, 3�:NC�)¥��Û��%1å, �
3Ü· �?�\,��ßº, �
�à��uÑ

�p HBGBs, ¦�¡�1r©ÙE,÷v Bessel
©Ù, =¢y HBGBs �­ï, é1Ú�!1�+!
âfÓ¼äk��¿Â.

ã 3 z ¶þ�n�1|©Ù

ã 4 z ¶ØÓ �?��¡1r©Ù (a) z = 14 cm; (b) z = 10 cm; (c) z = 18 cm; (d) z = 25 cm; (e) z = 30 cm

4 ¢�©Û

¢�¥ÀJ1
� λ = 632.8 nm �±C-1,
²O�*å±�\�Ú^� �Ú¶cI���
) HBGBs, 2²Lßºà�, ,�²L,�ßº­
ï. ¢�C�ã�ã 5.

Ú ^ �   � � ÿ À > Ö ê � 1, ¶ c I .
� γ = 0.5 ◦, �±C-1ÏLÚ^� �Ú¶
cI�����)�� Bessel-Gauss 1å; �ß
º f1, f2 �åþ� 10 cm, � f1 Ú f2 �å 20 cm;
|^ OPHIR úi SP620U .>ÖÍÜì� (CCD)

¤�XÚû��¡1rã, ÀJßº f1 � z ¶å
: �. ã 6 �¢�û� z ¶ØÓ �?��¡1
rã, ÚnØ�[ã 4 �ÎÜ.

ã 5 ¢�C�ã

ã 6 ¢�û� z ¶ØÓ �?��¡1rã (a) z = 1 cm; (b) z = 10 cm; (c) z = 18 cm; (d) z = 25 cm; (e) z = 30 cm
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5 ( Ø

ÄuÎ�Ie� Collins úª, ©Û
 HBGBs
²�ßºà�; 2²L,��ßº­ï�L§, ê
��[
÷DÂ¶þ�n�1|©ÙÚ¶þØÓ
 �?��¡1rã, l�[ã�±é�*/w
Ñ HBGBs ²ü��ßº�¬�)Û��%1å,
3�: �?�¡1r����; 3�:�Ü· 

�?�\,��ßº�
��:�uÑ�1å, ¦
�Ù�1|ØC, E÷v Bessel ©Ù, ¢y HBGBs
�­ï, �¥%1r©ª�±�"; ¢�(J��
[©Û(JÄ�ÎÜ. ïÄ(Jé HBGBs 3�f
Ú�!§BÚ1ÆÐ¼��¡�A^äk��¿
Â.

a�o¤û3¢�¥���|±Ú�Ï.
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Experimental and theoretical study on the
reconstruction of focused high order

Bessel-Gauss beam∗
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Abstract
Reconstruction of focused high order Bessel-Gauss beam by using thin lens is proposed. Based on the diffraction theory, recon-

struction behavior of focused high order Bessel-Gauss beam is analyzed. The three-dimensional optical intensity distribution and the
cross-section optical intensity distribution of the high order Bessel-Gauss beam focused by first thin lens, and then reconstructed by
the second thin lens are numerical simulated. Result shows that the high order Bessel-Gauss beam passing through the single thin lens
can generate Bottle beam, and the bright ring is obtained at focus. To rectify the beam divergence after focus, another thin lens is in-
troduced at suitable position. After that, the beam keeps the Bessel distribution. Experiment is conducted, and experimental results are
in agrement with the theoretical analyses. Research result shows its significance in providing a guidance for optical tweezers, particle
trapping and controlling.
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