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3DÂL§¥Ø¬;Éû�*Ð [3−5]. (J, �l
�1å3�ÆïÄ�Nõ+�u��^, ¿l��
þUC
éõïÄ+��ó��ª, Ï
É�
�
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ÅÄ�§�,��äkØ*
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Å�, �~5�óÀ�l�1å%J±�?ù�
��¦ [17].
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þU�±­½�Ø*Ñ�ª. ù«DÑ1�é�â
f, Ïd, <�/��rù«Å�·¶�1� [18].

�/¤1�, Ä�g�Ò´�¦��äkÃû�A
5�óÀ1å3���äkØ*Ñ�A�. äk­
�d��ïÄó�´,2010 c, |^1» - "�ºØ
 XÚ, ¦�äkÃû�DÑA��óÀMp1å
���, dpd©Ùüz¤�äkØ*ÑDÑ�ª
�Mp©Ù, �ª¢y
�!�þ�Mp©Ù�1
� —— ��Mp1å [18]. ��, nØy¢
�G
Å�¥��3�!�þØû�� Airy-Airy-Airy Å
��ª, ù¿�X|^�GÅ�, �U/¤��M
p1� [19]. du�!�©Ùþ­½�1�, AO·
Üu&ÿ�*­.9Ù�¯L§, Ïd¢y1�ä
k­���Æ¿Â.

�©�âóÀ�l�1å3gd�mDÑL
§¥�3��mp�ÚÑ (SIGVD) �A [20,21], 3
�\ïÄóÀ�l�1å��1��Ä:þ, uy
ÏLÖ��� SIGVD, |^n� SIGVD �A, U3
gd�m/¤Mp - �l�1�. ?�Ú�ê��
[y²: dn� SIGVD 3gd�m�)�Mp -

�l�1�, =¦3ÚÑ0�¥, �U�±��Ø
û�!��ØÚÑ�­½DÑ, L²|^ SIGVD

�A3gd�m/¤Mp-�l�1�´�«�1
��{.

2 n Ø

1Å| E(x, y, z; t) �DÑ÷v>^|�ÅÄ
�§

∇2E − (1/c)2∂2E/∂t2 = 0, (1)

ª¥, ∇2 = ∂2
x + ∂2

y + ∂2
z = ∇2

⊥ + ∂2
z .

éÅÄ�§� Fourier C��ªÇ�, �±�
�Ø¹�m�²0¿[�§

∇2Ẽ + k2Ẽ = 0, (2)

ª¥, Ẽ(x, y, z;ω) �,�ªÇ�üÚ1|, k =
ω/c, k � ó À 1 å Ø Ó ª Ç © þ � Å �. 3
Î � I X e, ∇2

⊥ = ∂2/∂r2 + (1/r)(∂/∂r) +
(1/r2)(∂2/∂θ2), ª¥ x2 + y2 = r2.

�í�gd�m�Ãû�DÑ�ª, ·�k�
�b½1|�¡©Ù�DÑålÃ', ¿äk�é
¡5, =1|�¡©Ù� θ Ã', K1|�Ì©Ù3
4�Ie�L«� F (r), éuóÀ1å3gd�m

�DÑ, �I��ÄóÀ��úC�ä Ã(z, ω−ω0)
�üz. d�óÀ1|DÑ�§��� [20,22,23]

Ẽ(r, θ, z;ω) = exp[jβ0z]F (r)Ã(z, ω − ω0), (3)

β0 ´1ª�DÑ~ê. (3) ª�\ (2) ª, �

d2F

dr2
+

1
r

dF

dr
+ [k2 − β2]F = 0, (4)

2jβ0
∂Ã

∂z
+ (β2 − β2

0)Ã = 0, (5)

(4), (5) ª¥, β �óÀ�ä3gd�mDÂ�p�
DÂ~ê, ´ïÄóÀ�l�1å��DÑA5�
Ì�Ônþ.

(4) ª��l��§, -

a2 = k2 − β2, (6)

(4) ª���A)� [20]

F (r) = J0(ar), (7)

ª¥, J0 �"��l�¼ê, a ´�l�1å�
�mëê, 1/a �L
�m�l�1åÌ��å
° [3,4,20].

3í� (5) ª�L§¥, du Ã(z, ω − ω0) � z

�úCz¼ê, Ï
�Ñ
�� �ê ∂2Ã/∂z2.

du óÀ1ªp�DÑ~ê β0 �óÀ�äp
�DÑ~ê β ����C, �r β2 − β2

0 Cq�
� 2β0(β − β0), K (5) ª�L«�

∂Ã

∂z
= j(β − β0)Ã. (8)

þ¡�í�L², óÀ�l�1å3gd�m
DÑ�, óÀ1å��!�©Ù¿ØÕá, (6) ª´
ë��!�'X�Ý�. d (6) ª��, úC�ä�
p�DÑ~êØ=�ûuÅê k, ��1å�m©
Ù a k'. �ïÄóÀ1å30�¥DÑ��{
�Ó, �©�rp�DÂ~ê β Ðm��V?ê
�/ª [22]

β(ω) = β0 +
∞∑

m=1

βm

m!
(ω − ω0)m, (9)

ª¥, β0 �1ªDÑ~ê; β1 ��5ÚÑXê, ´
óÀ�ä+�Ý vg ��ê; β2, β3 L«�!n�+
�ÝÚÑXê; ���k β3 < β2, Ïd�k��Ú
Ñ�Ö��âI��Än�ÚÑ�K� [20,22]. n
�±þ�ÚÑXê βn(n > 4) ��K�é�, ��
Ñ. -

sinφ = a/k0, (10)
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ª¥, k0 = ω0/c, ω0 �óÀ¥%ªÇ. d (6), (9)

Ú (10) ª, ��

β0 = k0 cos φ, (11a)

β1 = 1/(c · cos φ), (11b)

β2 = −k0tg
2φ/ω2

0 cos φ, (11c)

β3 =
3k0tg

2φ

ω3
0 cos3 φ

. (11d)

óÀ�l�1å3gd�m¥DÂ�, ��Ú
ÑXê βn ���þ�ûu�l�1å��më
ê a, Ïd½Âù«dÃû�1å�m©Ù(�p
�� “ÚÑ” ��mp�ÚÑ.

(9) ª � \ (5) ª, ¿ | ^ e ª � F p �
_C�:

A(z, t) =
1
2π

∫ ∞

−∞
Ã(z, ω − ω0)

× exp[−i(ω − ω0)t]dω. (12)

3�Fp�_C��, ^�©�Î i(∂/∂t) �O

 ω − ω0, �3�n�ÚÑ�, Ó�, æ^±+�
Ý vg £Ä�ò�X, =- T = t − z/vg = t − β1z,

����

i
∂A

∂z
=

β2

2
∂2A

∂T 2
+

i
6
β3

∂3A

∂T 3
. (13)

(13) ªL²: óÀ�l�1å3gd�mDÑ
�, Ù��DÑüz1��É�uÚÑ. �ØÓu
30�¥DÑ, ù«ÚÑ´�«1å�m©Ùp�
� “ÚÑ”. �mp�� “ÚÑ” �á�ÚÑ�,å
ÏØÓ, �éóÀ��Ü©�K��^%�Ó.

¢Sþ, d1å��m©Ù(�p��ÚÑ�
A, @®Úå<��'5 [21,24−26]. L��ïÄ@
®y², Ø�´äkÃ�å°�n�²¡Å, ÄK
?¿k�å°�1å3gd�mDÑ�, ØÓ�Ì
©þÑ¬����ÚÑ, Ïdù«�m©Ù(�p
�� “ÚÑ” ��¡��ÚÑ [21,24−26]. Q,�m
p��ÚÑ´ÊH�3�, �Ø
aq�l�1å
ù��Ãû�1å�	, ÊÏ1å3gd�mDÑ
�, ��¿Ø�Ä§�K�. e¡�Ñ�Ï.

�â©z�Ñ�î��mªÌ k⊥ �p�DÑ
~ê β �'X [21]

β2 = k2 − k2
⊥. (14)

¢Sþ, (7) Ú (14) ª��´�Ó�. (7) ª¥
�l�1å��m©Ù a ëþ¢Sþ�´�l�
1å�î��mªÌ k⊥

[27−31].

dFp�C�nØ��, k⊥ ����å° R

¤�'.

dû��Ý�½Â

Ldiff = γR2, (15)

ª¥, R �å°. (15) ª�½Â�·^u�:, ��
þ, �:´�«¬à1å, Ïd~�¡��å [32,33].

éuå°�°�ÊÏ1å, R ��, k⊥ �~�.

d (14) ª, k⊥ ép�DÅ~ê β �K�4�, �±
�Ñ. éuå°4��1å (�)�:), R é�, k⊥

��, é β �K���. �d (15) ª, Ä1å (�å)

�û��Ý (��) 4�, éû��Ý (��) é��
Ä1å (�å), duÚÑéóÀ�K�´��\È
�L§, ÏdÚÑØ¬²w\È. (J, éu�Ü©
�1å, ÃØ´°1å�´Ä1å, DÑL§¥�
�mp�ÚÑ�A��Ñ´�(�. 
�kéuÌ
��»��Å�þ?, ¿�34�ålS­½DÑ
�Ãû�à�1å, 'X�l�1å, SIGVD �A
â¬éóÀ1å���A��)²w�K�.

�é'�� SIGVD �AéóÀ�K�§Ý,

Ú \ � m p � + Ú Ñ � Ý. ½ Â � ! n � Ú Ñ
�Ý� [22]

L2 = 2πλ0m
2 cos φ/tg2φ, (16a)

L3 =
4
3
π2λ0m

3 cos3 φ/tg2φ, (16b)

ª¥, λ0 �óÀ¥%ªÇ�Å�, m �óÀ�Ý T

S�¹�óÀ�Ä±Ïê, ½Â� m = T/T0, T �
óÀ°Ý, T0 �1Æ�Ä±Ï.

3 Mp-�l�1�

3.1 ���mmmppp������)))MMMppp-���lll���111���

�Ä����óÀ�l�1å, ´���p
d©Ù�óÀ1å²�mN��/�¤�, ·�
rù«���pd©Ù!����l�©Ù�ó
À1å¡��pd-�l�1å. ±ù«~��p
d - �l�1å�~, éu¥%Å� λ = 800 nm

p d-� l � 1 å, � m = 3, φ = 0.1 (rad) �,

β2 = −0.0143 fs2/nm, d (16a) ªO�����
ÚÑ�Ý� L2 = 5.59 × 103λ = 4.47 mm, w,, é
u���kA�½A��Å���:, ��ÃI�
Ä SIGVD �Aéó°�K�. 
éuÌ��»�
�Å�þ?�Ãû��l�1å, duU34��
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DÑålS�±Ãû�DÑ, É�� SIGVD �A
�K�, óÀ�äò�Ð°, ã 1 �óÀ�l�1
å�óÀÐ°Ïf�DÑål�Cz'X.

ã 1 L², É�� SIGVD �K�, pd-�l�
1å3gd�m=DÑ
 1 cm (éA 2.24L2), pd
óÀÒÐ°��5� 2.45 �. w,, �� SIGVD �
A��
óÀ�l�1å3���¯�Ð°. ¤±,

·�`, p¦óÀ�l�1å���©Ù´­½�
û��, �ù��1å=¦3gd�mDÑ, Ù�
�©Ù�´�­½*Ð�. (J, ·�@�, äk�
mÃû�DÑ�ª��l�1å¿�ý��1�.

ã 1 óÀ�l�1å�óÀÐ°Ïf η �DÑål z/L2 �
C�

e¡©Ûn� SIGVD �AéóÀ�l�1
å��DÑ�K�. � m = 3, φ = 0.1 (rad) �,

β3 = 0.0184 fs2/µm, 1å���üzXã 2 ¤«,

�Bu�e©Mp¼êé', éã¥�óÀ��
©Ùã�
�I�=. TãL², �1n¥n�
á�ÚÑ��^�Ó, Ø
¦Å�k¤Ð°	, n
� SIGVD Ì���óÀ�¥% ��ý, ¥y

²w�gd\��A:, Ó�/¤
�é¡�ö�
��(�. ��²L 5L3 �DÑål�, ��rÝ
©Ù®m©ÑyaqMp¼ê²��Ó+(�, �
A��Ì©Ù�Cq^Mp¼ê£ã [22,34−37], ·
�¡��CMp©Ù�óÀ. ?�Úüz, ��©
Ù�5��Cn��Mp©Ù.

ù � ( J L ², � ó À � l � 1 å 3 g d
� m D Ñ �, � | ^ n � SIGVD � A, ¦ ó À
� l � 1 å � � � d p d © Ù ü z � (C) M
p © Ù. ' X, é u φ = 0.1, m = 3 � ó À �
l � 1 å, d (16b) ª O � � � n � Ú Ñ � Ý
� L3 = 3.48 × 104λ = 27.8 mm, pd-�l�1

å3gd�mDÑ 5L3 = 139.1 mm, =m©Ð
Úüz�Mp - �l�1�. ùp, I��Ñ, d
u L3 > L2, �¦n� SIGVD �AéóÀDÑü
zåÌ��^, I�Äkæ^·��ÃãÖ��
� SIGVD, Ö���{�æ^ÚÑ+nEâ¥²
þÚÑ�Vg [22]. d (11c) ª��, �� SIGVD

Xê�Kê, Ïd�ÏL?¿Ü·�ÚÑ��, Ú
\�½þ����ÚÑ5-��mp��K�
� SIGVD, ±¦��üzL§�²þ��ÚÑþ�
". Ó�, e¡òy², óÀ��üz�Mp©Ù,

3?�Ú�DÑL§¥, �� SIGVD òØUUC
óÀ���Mp©Ù.

ã 2 z = 0, L3, 5L3 ?�óÀ�l�1å��/G, z = 0 ?
�Ð©�\�óÀ

3.2 MMMppp-���lll���111������DDDÑÑÑAAA555

nØþ, n��Mp-�l�Å�, du�!
�©Ùþ�ÅÄ�§�Ø*ÑDÑ�ª, Ïd´
�«pÝÛ�z�aâf1�. �·�|^n
� SIGVD �A3gd�m/¤�Å�´Ä�n�
1��DÑ�¹�ÓQ, I��y. dunØÚ¢
�þ®²y²
���l�1åäkÃû��D
ÑA5 [1−4,8−13,17,20,23,24,27−30], e¡, Ì��yn
� SIGVD �Ap����MpóÀ, ´Ä�äk
ÃÚÑ�DÑA5. I��Ñ�´, Xc©¤ã,

(13) ª®L²
 SIGVD �á�ÚÑ�,åÏØÓ,

�éóÀ�K��^%�Ó. Ïdeã3ÚÑ0�
¥�ïÄ(J, �·^ugd�m.

�Bué'©Û, ·�©Oò1å��©Ù©
O�8�z�pd!n�Mp!±9n� SIGVD

�Ap��CMpóÀ�\ÚÑ0�, �[Ù3
ÚÑ0�¥DÑ����üz�¹, Xã 3 Úã 4
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¤«. 3ê��[L§¥, du��á�ÚÑ´K
�óÀ��DÑA5�Ì�Ï� [22], Ïd, ·�
Ì��Ä
��á�ÚÑéóÀ�K�. �Bué
', óÀ�p�DÑålÚ�±0����ÚÑ�
Ý LD �ü Oþ.

dã 3 ��, ���pd©Ù�óÀ30�¥
¯�Ð°. �DÑål� D = 5LD, Xã 3 ¥¢�
¤«, óÀ°Ý®Ð°��5� 5.12 �. ê��[
¿©y², ���pd©Ù!����l�©Ù�
pd - �l�1å, �U�±�m�Ãû�DÑ,


ØU�±�m�Ã*ÑDÑ, ù��óÀ1å�
U´Ãû�1å, 
Ø´�!�þØ*Ð���Û
�1�.

ã 3 lþ�e, 3��á�ÚÑK�e, pdóÀ3 z = 0,
LD, 2LD, 3LD, 4LD, 5LD ?�óÀ/G, z = 0 ?�Ð©\�
óÀ

ã 4 l��m, 3��á�ÚÑK�e, (a) n�MpóÀ; (b)
n� SIGVD �Ap��CMpóÀ, 3 z = 0, LD, 2LD, 3LD,
4LD, 5LD ?�óÀ/G, z = 0 ?�Ð©\�óÀ


ã 4(a) L², �n�MpóÀ30�¥DÑ
�, ��á�ÚÑØ¬UCóÀ�DÑ�ª, �±


��Ø*Ñ�A:. Xã 4(a) ¥¢�¤«, �D
Ñål� D = 5LD, óÀ©Ù�\�����Ó.

���á�ÚÑ¦óÀÌ¸¥% ��ý, ¥y

²w�î�\�A:. (J, ��ÚÑ�^e��
�Mp©ÙóÀDÑA�, �û��^e���M
p©Ù1åDÑA��Ó [6,7,18,19], ù
DÑA�
´�ÅÄ�§�Mp�ª)�A:¤û½
�. ê
��[(J�nØýÏ(J���5, ¿©y¢

n�Mp - �l�1�(¢´�«��Û��!ä
kâfA5�1�.

Ó�, é'ã 3 Úã 4(a) ���ù��(Ø,

óÀ�l�1åØØ3gd�m�´30�¥D
Ñ, ��ÚÑ¬Ð°pd©ÙóÀ, ���ÚÑØ
¬Ð°Mp©ÙóÀ. Ïd, �©|^ÚÑ+nE
âÖ��� SIGVD ±/¤MpóÀ��Y¥, ó
À�pd©Ù��üz�äkË�(��Mp©
Ù, �� SIGVD éóÀ�K�Ò��uî�\�,


Ø¬UCóÀ���©Ù. d�, óÀòU3g
d�m���±­½�Ã*ÑDÑ.

e¡©Ûn� SIGVD p��CMpóÀ´
ÄäkÃ*Ñ�DÑA5, ·�±3gd�m²
L 50L3 = 1.39 m ålüz�/¤�CMpóÀ�
~, �[Ù3ÚÑ0�¥�DÑ�¹, Xã 4(a) ¤
«. ã 4(a) ¥¢��CMpóÀ3ÚÑ0�¥D
Ñ 5LD ��©Ù, �,CMpóÀ�Ì�¸�õÇ
k¤eü, ��\�?�CMpóÀÌ��', =
Ð°
 1.12 �, A�vku)²wCz.

éìã 3 Úã 4, L²|^n� SIGVD �A3
gd�m/¤���CMp©ÙóÀ, ����n
�, ��pdóÀ�', Ä�¢y
3ÚÑ0�¥
�Ã*ÑDÑ. ��DÑL§¥, ��©Ù�Ñk
Cz, ��N�±
Mp�Ã*Ñ©Ù.

¢Sþ, L�|^1»-"�ºØ XÚ [18] Ú
�GÅ� [19] /¤���Mp�¿���n�, D
ÑL§¥��©Ù�ÑkCz. |^n� SIGVD

�A, /¤���MpóÀ�þã�{/¤��
� M p ó À Ä � � C, L ² 
 3 g d � m | ^
n� SIGVD /¤Mp - �l�1�´�«�1
��{.

4 ( Ø

|^ÅÄ�§, 3�\ïÄóÀ�l�1å�
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�1��Ä:þ, uy: p¦3gd�mDÑ, du
1å�m©Ù(�p��ÚÑ�A, �¬K��l
�1å���A5. Ïd`óÀÃû��l�1å
3DÑL§¥, =¦´3gd�m, ��©Ù��
½¬C�. Ì�Ly�, �� SIGVD �A��óÀ
Å�Ð°; n� SIGVD �A��óÀÑy�é¡
�ö���(�, ù�´Mp©Ù. Ïd, ·�JÑ,
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Spatially induced Airy-Bessel light bullets∗
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Abstract

Based on wave equation, we theoretically study the effect of spatially induced group velocity dispersion (SIGVD) of pulsed

Bessel light beam propagation in free space. The results show that the third-order SIGVD can make pulsed Bessel beam gradually

evolve into temporally Airy distribution. Airy-Bessel wave packet is such an exotic localized optical wave packet that it can possibly

serve versatile tool in the research of light-matter interactions and has extensive applications. Hence we demonstrate the realization

scheme of Airy-Bessel light bullets in free space by compensating the second-order SIGVD through utilizing dispersion management

technique. To analyze the spatiotemporal propagation properties, we numerically simulate this light bullet propagation in a dispersion

medium. The results show that it can retain spatial diffraction-free and temporal dispersion-free propagation in medium.

Keywords: light bullets, spatially induced group velocity dispersion, Bessel beam, Airy distribution
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