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ÏLê��[ïÄ
põÇ-1°Äì�1åþ!Ëì�¹, ©Û
n�ª-1Ëìe����1r©Ù9
�mõÇÌ. æ^ßº�
�ü$1åC|ÆC�K�¿��q¡����ä/G; æ^��1ÌÚÑ!wEâ�
²w/�Ø��SÜ���Ý�rÝN�, �T�{3���~���¹e�E,k�. �þ�ê��[(JL²,

1ÌÚÑ!wEâA^uº�ØÓ����, Ù�J´k�É�. é���
ó, 1ÌÚÑ!wÌ�!²ÙSÜ[
��^«, =�Ø¥p�mªÇ���rÝN�; é���
ó, 1ÌÚÑ!wÌ��Ø¥$�mªÇ���rÝ
N�, �òK�����N�ä/G. �©¤��ê�(Jém�°Ä¢�¥-1å!w�Y�ÀJÚ`zäkë
�d�.

'�c: põÇ-1°Äì, q¡þ!Ëì, ßº�
, 1ÌÚÑ!w

PACS: 42.25.Bs, 42.30.Kq

1 Ú ó

põÇ-1°ÄìA^u.5�åàC (iner-

tial confinement fusion, ICF)!pU�ÝÔn9�l
fNÔn�ïÄ�, 7L3q¡¢yþ!Ëì [1,2].

��°Ä ICF¢�¥, -1åI���Ëì�¥/
q�þ, Ïdéq¡þ!Ëì��¦�~��. m
�°Ä ICF¢�¥, ���¥�3çÉqnS, -
1åk�\qn, qnS9áÂ-1Uþ�)rÝ
4p� X��, 2d X��Ëì!Ø q�. m�
°Ä�ª¬ü$-1Uþ�|^Ç, ÏdI��p
�Ëì-1Uþ, �´§é-1°Ä�þ!5Úé
¡5�¦'��°Ä�Ñ$.

�8c��, IS	®²uÐ
õ«q¡þ!
ËìEâ. �m!wÃã�±ü$1åC|� 

9rÝÆC¤Úå�ËìØþ!5, ùaEâk
©Ù� � (distributed phase plate, DPP)[3,4]!ëY
� � (continuous phase plate, CPP)[5,6] Úßº�

 (lens array, LA)[7] �. 1åÏLþã�m��¬
�©�¤�þf1å, ù
f1åU\�¬�)
Z�, ¦��þÑyp�mªÇ�Ñ�. æ^1Ì
ÚÑ!w (smoothing by spectral dispersion, SSD) E
â�3�½§Ýþ�ØùaÑ� [8,9]. �� (one-

dimensional, 1-D) SSD¦^��� N�ìÐ°-
1å��°, ,�2|^û�1»¦-1åu)
ÚÑ, l
ü$-1å��m��m�Z5. �
� (two-dimensional, 2-D) SSD æ^ü@þãì�,

-1�°3p�R��ü���þu)ÚÑ.

SSD Eâ8c®²�IS	õ�põÇ-1
°Äìæ^ [10−14]. “ 1 II” C�3õcc®²
m© SSD �Ä:ïÄ [13,15−17], ¿u 2011 cÐ3
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1Ê´þ?1
�UþéÅ¢�, ¼�
�Ð�Ô
n¢�(J. 8�, “ 1 II” òÀ�äN�¢��
¦r SSD � LA, CPP ½ DPP ��m!wÃã(
Üå5¢yq¡þ!Ëì. 3¢SA^¥, ØÓ�
¢�¤I������´ØÓ�, 'X, ��°Ä
¢�¥��º�Ø�uqº� 100 ��|û�4
� (diffraction limitation, DL), 
m�°Ä¢�¤I
�����=� 30—70 DL. yk�q¡þ!Ëì
ïÄÌ��éæ^������°Ä�/. 3m
�°Ä¥, -1�,Ø��Ëì¥q, �-13n
9þ��m©Ùé X��Ë�|�þ!5kK�.

Øþ!�Ëì¬��¤j, \ìÉ-.ùÑ�ÚÉ
-Ùp�Ñ����5L§, ü$-1 - X���
Uþ=�Ç, ¿é¢��)k³�K�. Ïd, 3m
�°Ä¢�¥-1þ!Ëì�´7L� [18]. Üb
�ïÄ<
®uCÏ?1
UþÿÁ¢�, y²æ
^ SSD Eâ�-1åE�3m�°Ä¢�¥^|
B� [19], �´3da�/e����þ!ËìL
yI���\�ïÄ.

8c, LA E,´ “ 1 II” C�þ��¤Ù�
�«�m!wÃã, �©^ê��{ïÄ
 2-D

SSD � LA éÜ¦^�5Æ, ©Û
n�ª-13
q¡/¤�����þ!ËìLy. ©¥é���
rÝ©Ù9�mõÇÌ?1
�[�©Û,ê�(
JL², =¦3��º��~���¹e, æ^þ
ãEâE�¦���Ëìþ!5���~²w�

Uõ, � SSD A^uº�ØÓ����, Ù�J¬
k�É. �©¤�(Øéu*Ð LA Ú SSD Eâ�
A^��äk­��nØë�d�.

2 Ä��n

2-D SSD Ú LA 3põÇ-1°Äì¥� �
Xã 1 ¤« [9,20]. ��ì�)��Z-1åÄk
²L SSD XÚ, Ù�°�>1� N�ì (electro-

optic modulator, EOM) Ð°, ,�2�1»ÚÑ, 3
�mÐm. l SSD XÚÑ5�1åòUYÏL
�)�mÈÅìÚ��ì�ì�3S�é��ã
1´. Ï�áÅ�-1�UþÍÜ�Ç�p, ¤
±-1å3°Äìªà�ò²Ln�ª¬N, l
Å�� 1053 nm �Äªù	1 (IR) =��Å�
� 351 nm �b	1 (UV). n�ª����b	1
ÏL LA, ,��qºà�¤��é��1�B\
Î/qn. XJq¡�Ð uqº��²¡þ, -
1å3q¡þ/¤�1|´Ù�|, �3 LA �¢
SA^¥, �
�fßº�>�û�Úå��ºÝ
Øþ!5, q¡Ï~¬��lmqº��²¡, ù
�Ùþ¡�1|Ò´OC|. �ÃØ´=�«�
/, 1å�DÑÑ�Å�r�û�5Æ [21]. �

ïÄq¡���1r©Ù, �©^ê��{�[²
L 2-D SSD � LA ��-1å�DÑ, T�{3©
z [16] ¥®²�L�[0�.

ã 1 põÇ-1°Äì¥� 2-D SSD � LA

²Lqº��1|òäkXe/ª:

E(x, y, t) =E0(x, y, t) exp[iϕSSD(x, y, t)]

× TLA(x, y)TFL(x, y), (1)

ª¥ E0(x, y, t) ´\�1��ä, ϕSSD(x, y, t) ´
1åÏL SSD XÚ����� Cz, TLA(x, y)

Ú TFL(x, y) ©O´ LA Úqº�EßLÇ¼ê.

2-D SSD Úå�� Cz�±�� [9,11]

ϕSSD(x, y, t) =δ1 sin(ω1t + α1x)

+ δ2 sin(ω2t + α2y), (2)

Ù¥ ω1,2 = 2πν1,2 ´ü� EOM N�ì�N�
� ª Ç, δ1,2 K � Ù N � Ì Ý. z � � EOM U
¼ � � N � � ° � C q L«� ∆ν = 2δν. ª
¥ α1,2 = 2π · (∆θ/∆λ)1,2 · (ω1,2/ω0), Ù¥ ∆θ/∆λ
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´1»�ÚÑXê, ω0 ´-1å�¥%ªÇ. ë
þ α £ã
1»ÚÑÚå�1å÷î�¡�� 
Cz. �-1å²Ln�ª=�ìl IR =�¤ UV

�, 2-D SSD Úå�� Cz�

ϕSSD(x, y, t) =3δ1 sin(ω1t + α1x)

+ 3δ2 sin(ω2t + α2y). (3)

Ïd, -1N��°�ò�A/C��5� 3 �.

ªÇ=�é-1å��°Ú�mÚÑk�
�, 3 “ 1 II” C�¥, �
¦n�ªUþ=�
� Ç Ø $ u 60%, \�� n � ª ¬ N � Ä ª 1
�°��Ø�u 30 GHz. 3�©¤��ê��
[¥, \��1»�1å�»� 35 mm, 2-D SSD

XÚ�ëêXe: ν1 = 3 GHz, ∆ν1 = 30 GHz,

(∆θ/∆λ)1 = 3000 µrad/nm; ν2 = 10 GHz, ∆ν2 =

30 GHz, (∆θ/∆λ)2 = 1220 µrad/nm. 3°Äìªà,

-1å�»ò*�� 350 mm, n�ª� UV ÷ x

Ú y ���N��°þ� 90 GHz.

LA d�þ�Ó��ßº��¤, §ò\�1
å©�¤�þf1å. � LA �¹ M × M �ßº
� (�©¥� M �Ûê), z��ßº���»þ
� d, �åþ� f .  u1 m1 11 m2 ��ßº�
�¥%�I� (m1d,m2d), d? m1,m2 þ��ê,

�k −(M − 1)/2 6 m1,m2 6 (M − 1)/2. 3-1
DÑ¥, ßº���^´�)���m� N�,

Ù�� −(k/2f)(x2 +y2), Ù¥ k´\�1Åê. �
ßº��ÌßLÇ¼ê� [22]

P (x, y) =

 1, ßºS,

0, ßº	,
(4)

K LA �EßLÇ¼ê�

TLA(x, y) =
∑

m1m2

P (x − m1d, y − m2d)

× exp
{
− i

k

2f
[(x − m1d)2

+ (y − m2d)2]
}

. (5)

Ù�, -1åò�qºà��q¡þ/¤����.

�qº��»Ú�å©O� D Ú fa, KÙEßL
Ç¼ê�

TFL(x, y) = P (x, y) · exp
[
− i

k

2fa
(x2 + y2)

]
. (6)

�©¥ D = 350 mm, fa = 1750 mm, K UV ²Lq
º���|û�4� (= DL) � 3.51 µm. ¦^ LA

ò-��C�¿äk�Ð�Ëìþ!5, ����
� a �deª�Ñ [7]:

a =
dfa

f
, (7)

Xc¤ã, Ù¥� d Ú f ©O´ßº���»
Ú�å. � LA d M × M �Ý/ßº�|¤�,

D = Md. ´�, æ^ØÓëê� LA('XäkØÓ
��å) =�¼�ØÓ�����.

3 ê��[�?Ø

·��[
²L 2-D SSD � LA ��-1å
�DÑ, ¿é���1r©Ù?1
©Û. �[
O�¥, LA �ü�ê� 7 × 7(=z�ü���»
� 50 mm), q¡lqº�²¡�ål� 500 µm. X
þ©¤�Ñ, 3qºØC��¹eÀ^�åØÓ
� LA ���º�ØÓ���. ã 2 ¤«�´üÚ
-1åÏL LA �����, Ù��� 50 DL. \�
-1�©�¤ 49åf1å, §�23q¡U\. õ
1åZ�����þÑy�þÑ�, Ñ��m�å
l ∆ = λ/ sin(d/fa)[23]. TålÌ�d\�1Å�
Ú LA �(�ëêû½, �âc¡�Ñ�êâ, ��
� ∆ = 12 µm.

�-1å²L 2-D SSD�, dü� EOM Ðm
��°3p�R����þu)ÚÑ, d�-1å
�¹�X�Õá�ªÇ�ª, ØÓ�ª¤�)�Z
�Ñ�Ñk�É, �¤kù
1���ZU\3�
å, ,
Å¸ÚÅ�Ò¬pÖ, ¦���SÜ�r
ÝN��!². ã 3 ¤«�´ÏL LA Ú 2-D SSD

!w�� 50 DL ��.

�
�	 2-D SSD A^c�ØÓ�mªÇ¤
©�Uþ©Ù�¹, ·�éã 2 Úã 3 ¥���
?1
�mõÇÌ©Û, (JXã 4 ¤«. ���
SÜrÝN���m±Ï� λSN, ã¥Åê�½Â
� kSN = 2π/λSN, �õÇ P ±��oõÇ�ü 
?1
8�z. dã 4 ��, æ^ SSD �, ¥pªr
ÝN�Ü©�õÇ'­²wü$, 
$ªÜ©�'
­O�. �
½þ/'�ØÓ���!wY², ·
�Ú\��Øþ!Ýëê σrms � [11]

σrms(kSN0) =
[∫

kSN>kSN0

P (kSN)dkSN∫
kSN6kSN0

P (kSN)dkSN

]1/2

, (8)
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Ù¥ kSN0 ´pª�$ª�.:éA�Åê. σrms

¢SþL«�´pª¤©oõÇ�$ª¤©o
õ Ç � é ', Ù � � �, ` ² � m ª Ç p � ¤
©3��¥¤Ó�Uþ'~��, ���!w.

d (8) ª��, σrms ´�.Åê kSN0(½ö`�.
Å� λSN0) �¼ê, �©¥, XJvkAO`²,

λSN0 þ����º�� 1/5. 3 50 DL ���
�¹¥, ����� 175 µm, K λSN0 = 35 µm,

ÙéA�Åê kSN0 = 0.18. O�(Jw«, æ
^ SSD c 50DL ���Ü©�Uþ�¹3pª
¤©¥, σrms = 128.5%, æ^ 2-D SSD �Øþ!
ÝwÍü$, σrms = 18.2%. ·�é 30 DL, 70 DL

Ú 100 DL ���?1
aq�©Û. ã 5 ¤«�
´æ^
 LA Ú 2-D SSD ü«!wÃã�þãA
«º����, �±uy, Ù¥����þ!5�
Ð, ���SÜ�Z�Ñ��é��²w.

ã 2 (a) =æ^ LA� 50 DL �����1r©Ù; (b) Ú (c) ©O�T��²L¥%:÷ x Ú y �����1r©Ù

ã 3 (a) æ^ LA Ú 2-D SSD� 50 DL �����1r©Ù; (b) Ú (c) ©O�T��²L¥%:÷ x Ú y �����1r©Ù
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ã 4 50 DL ���õÇÌ (Ù¥J�L«�´=æ^ LA

���¹,¢�L«�´æ^ LA Ú 2-D SSD���¹)

·��
�?�Ú��[O�, ��
 σrms

� � � º � C z � ­ �, � ã 6(a). l ã ¥ �
± u y, � � � � � þ ! 5 � Ð, ' X 30DL

� � σrms = 21.5%, 
 100 DL � � σrms �
� 9.2%. · � r T ­ � ò�� 150 DL � � �

:, uyÙØþ!�=� 7.0%. ã 6(a) ¥�J�
éAu=¦^ LA(Ã SSD) ��/, d����
l 30 DL Cz� 100 DL �, σrms l 167.9%~�
� 84.8%.

Xc¤ã, LA r1å©�¤Nõf1å, f
1åU\�)Z�^«, éu UV 
ó, 3�©�
ëê^�eZ�^«må´ 12 µm, Ïd·�F"
��æ^ SSD �ù
Z�Ñ�ò¬��N��!
w. ���SÜrÝN���m±Ï λSN = 12 µm

�, éA�Åê kSN = 0.52, ·�A/±d��
.ÅêO�
Øþ!Ý σrms, Ù���º�Cz
�­��ã 6(b). d�, ­��Czª³�ã 6(a)

¥��/Ä��q, �Øþ!Ý���, =¦3=
¦^ LA ��¹e (�J�¤«), σrms �N�Ñ
�u 80.0%. ¦^ LA Ú 2-D SSD �, 30 DL ��
� σrms � 14.0%, 100DL ���K� 5.0%. Ñyù
«(J´Ï� 12 µm ��mN�±Ï'·�¤�
Ä�¤k��º�� 1/5 Ñ���, ÙéA��.
Åê kSN0 ��.

ã 5 æ^ LA Ú 2-D SSD�ØÓº����ã (a), (b), (c) Ú (d) éA�����©O� 30 DL, 50 DL, 70 DL Ú 100 DL

��o����� σrms ¬��QºTy��
lü��¡5n). Äk, =¦^ LA���SÜ¬
kZ�^«, LA ��»ëê d (½�, ^«�må
�´�½�. 3���¥, Z�^«3��oUþ
¥¤Ó�'~�é
ó'��, 3���¥Z�^
«Uþ¤Ó�'~K��. ,��¡, éuØÓº
����, SSD �!w�Jk¤ØÓ. ·�®²�
�, ²L SSD Ð°�-1å�¹XéõªÇ©þ,

ù
ªÇ©þ3q¡/¤ØÓ�1�. SSD �±²
w���Øþ!5ºÝd1���� £û½, T
 £�ûu-1å�°±91»Úå�ÚÑþ, 

�31åDÑL§¥É��mÈÅì��º��
�� [17](3�©�?Ø¥, ·�b½�mÈÅì�

����oU#N-1å^|ÏL). ã 7 ©O�Ñ

-1¥%ªÇ©þ9�pªÇ©þ�)�1�
�î� �. éu���, 1ÌÚÑ¤Úå�1�
î� �Czþ�1����º�´�'�, ~X,

ã 7(a) ¥��º�� 30 DL, 1��� £þ��
��º����, d� SSD òÌ�é��SÜä
k¥$�mªÇ�rÝØþ!©Ù�)!w�^.

ã 7(b) ¥����� 150 DL, 1���� £þ
������º��'E,´é��, ¤± SSD ò
!²��SÜ°[�Z�(�, l
ü$¥p�m
ªÇ�Øþ!5. ã 8 �Ñ
 30 DL � 150 DL ü
����mõÇÌ, §?�Úy²
 SSD éØÓº
����(¢kXØÓ�!w�J. lT ã�± u
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y, �vkSSD��/'�å5, æ^SSD�ü��
�­�$ªãþþ,
¥pªãþeü, �§�3

[!þk«O, =30 DL��3$ªã�Cz��
²w, 
150 DL��3¥pªã�Cz��²w.

ã 6 Øþ!Ý σrms ���º��Cz (J�éA=æ^ LA ��/,¢�éAæ^ LA � 2-D SSD ��/) (a) �.�m±
Ï λSN0 ���º�� 1/5; (b) λSN0 � 12 µm.

ã 7 æ^ SSD �, -1¥%ªÇ©þ (J�) ��pªÇ©þ (¢�) �)�1�î� �'� (a) éAu 30 DL ��; (b) é
Au 150 DL ��. (�pªÇ©þ�¢SrÝ��u¥%ªÇ©þ�rÝ, �
�Ùå�, ã¥®òÙ��)

ã 8 ��������õÇÌ'� (J��¢�©OL«æ^ 2-D SSD c��õÇÌ) (a) éAu 30DL ��; (b) éAu 150DL ��
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Xc¤ã, -1å3°Äìªà²LªÇ=
�, lÅ�� 1053 nm � IR =�¤Å�� 351 nm

� UV, ,�2ÏLqº¬à¤��. ªÇn�ª
é1å!wkü�¡�K�. ��¡, æ^ SSD E
â�±���1å!wY²�-1Ðm��°k
', IR -1å²Ln�ª±�, Ù�°�ò��5
� 3 �, ¤±1å�!w�J¬�Ð. ,	��¡,

Z�^«�må�'u-1Å�, ¤± UV �)�
Øþ!©Ù(�' IR �)���[�, �N´Ï
L SSD ��!w.

4 ( Ø

�©ïÄ
põÇ-1°Äì¥n�ª��

��Ëìþ!5. æ^ LA Ú 2-D SSD ��1å
!wÃã�, LA ��Ø1åC|Øþ!5�K�,

2-D SSD U!²��SÜ[��rÝN�, 
�
3���~���¹e (X 30DL ���º�=
� 105 µm) �^E,éwÍ. ê�(Jw«, SSD

éØÓº����!w�^k¤ØÓ. é�º��
�, SSD Ì�!²¥$�mªÇ�rÝØþ!, ¤
±¬K�����ä/G, 
é�º���, SSD

�!²ÙSÜ[��Z�^«(�, ü$¥p�m
ªÇ�rÝN�. 3m�°Ä ICF¢�¥, Ó�æ
^ LA Ú 2-D SSD ü«!w�{ò�¼��ä�
ß�þ!Ëì���, wÍUõ¢�(J.

�ö�þ°1Å¤ÆKÆ¬?1
kÃ�?Ø, 3d

L«a�.
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Abstract

The performances of the smoothing of small target spots with a lens array (LA) and two-dimensional smoothing by spectral

dispersion (2-D SSD) in frequency-tripled high-power laser driver are numerically studied. Intensity distributions and spatial power

spectra of the spots are analyzed. Simulative results show that LA can reduce the near-field nonuniformity of the beam and control the

envelope of on-target intensity distribution. The 2-D SSD has obvious effects in eliminating high-contrast intensity modulation, even in

the case that the spots are very small. The results indicate that SSD mainly smoothes the intensity modulation at low-to-middle spatial

frequency for small spots, and this would lead to the modifying of the spot profile, while for large spots, SSD sweeps the fine speckle

structure to reduce nonuniformity at middle-to-high frequency. These results are valuable for choosing the suitable beam smoothing

method in indirect-drive experiment.
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