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�Jp]�Ùp���ì�ó�5U, |^�¹D(�]�Ùp���nØ�.ê��[
��ì�&D
'!(¯Ý!Uþ=��Ç9&Ò��Ç��êOÃXê G �Cz5Æ, ¼�
��ì��Zó�: Gopt. æ^
�ª Nd : YAG óÀ-1ì, ± CS2 Ú FC-72���50�?1
¢��y. (JL², Ä$1óÀ�éu&Ò1ó
Àò´óÀ°Ý���?\��ì�, Gopt ��30�É-Ùp�Ñ�K�OÃ Gth �þ. éu��.Ùp���
(�, Gopt � Gth � 1.1—1.3 �; éu���.(�, Gopt ��L Gth1.3 �, ¢yC�Ú��.

'�c: ]�Ùp���ì, �Zó�:, É-Ùp�Ñ�K�OÃ, ò´�m

PACS: 42.65.–k, 42.65.Es

1 Ú ó

Ùp���ìU
pOÃ/ÀJ5��r�
µe��f1&Ò [1−3], k"�ï�¤�Ä�1
ÆÈÅìA^u-1Ï&½-1X�&ÿXÚ
¥ [4,5]. Ùp���ì�Ì�5Uëê�)&D
' (SNR)!(¯Ý!&Ò��Ç (SAF), ±9Uþ
=��Ç��¡. K�ù
5U�Ì�Ï�k��
ì�ó�:!&Ò1rÝ!Ä$1óÀ�éu&
Ò1óÀ?\��ì�ò´�m�, Ù¥��ì�
ó�:Ï~^Ãþj��êOÃ G (G = gIPLeff ,

g�Ùp�OÃXê, IP�Ä$1rÝ, Leff ��^
�Ý) 5£ã [6], ù�BuéØÓ^�e��ì�
G�?1'�. Sternklar � [6] |^�Ùp���
ÍÜÅ�§O�
��ì��Zó�: Gopt ≈ 20,

�CqeÉ-Ùp�Ñ� (SBS) K��êO
Ã Gth (Gth = gIthLeff , Ith �K�1r) 3 20—25

��S [7]. Ïd, Ä$1rÝÏ~�¦Ñ$u��

ì0�� SBS K�, ±;�g� SBS ��), K�
&Ò1��� [6]. ��éuÄ$1óÀ°Ý τP Ú
0�(fÆ· τ �'� τP/τ > 100 ��¹�±
æ^�Cq5?n; � τP/τ < 100 �, AT|^
]�½�]�nØ�.?1ê�O� [2,8], éu1
�B�þ?�óÀ-1, �Ü©0� ((fÆ·
Ï~3 0.1—10 ns �m [9,10]) u)� SBS ½Ùp
���áuù«�¹. ± �¢�¥~~^�
Cq���ì�Zó�:��]�Ùp����
Y��O, �¦��ì�Uþ=��ÇÚ��ÇØ
p [1,11]. ¢�¥uyéu�&Ò]�Ùp���,

Ä$1rÝ�±�L0� SBS K�, Ùg� SBS

É�³�, l¢y
p SNR 9p=��Ç; �,

Ä$1óÀ�éu&Ò1óÀò´óÀ°Ý��
�?\��ìk|u³�g� SBS[12], ¤±]�Ù
p���ì�Zó�:�¯KI��\�nØ©
ÛÚ¢�y².

�©ÏLnØ�[Ú¢�ïÄ]�Ùp��
�ì�Ì�5Uëê��êOÃXê�Cz5Æ,
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(½��ì��Zó�:,�Jp��ì� SNR!
(¯Ý!=��Ç9��ÇC½Ä:.

2 n Ø

2.1 nnnØØØ���...

3�¹D(�]�Ùp���nØ�.¥,

�ÄÑ\� Stokes &Ò1Ú0�S©ÙªD(
�Ä$1��p�^, ©O/¤1�1»ÚD(
1», lÑÑ���&Ò1Ú���Ùp�Ñ
� (ABS) D(, Ù¥ ABS D(q¡�g� SBS ½
�à� SBS[13], ´Ùp���ì�Ì��µD(.

£ã�¹D(�]�Ùp���ÍÜÅ�§� [12]

∂EL

∂z
− n

c

∂EL

∂t
= −ig0ρLSES

− ig0ρLNEN +
α

2
EL, (1a)

∂ES

∂z
+

n

c

∂ES

∂t
= ig0ρ

∗
LSEL − α

2
ES, (1b)

∂EN

∂z
+

n

c

∂EN

∂t
= ig0ρ

∗
LNEL − α

2
EN, (1c)

∂ρLS

∂t
+

1
2
ΓρLS = igaELE∗

S, (1d)

∂ρLN

∂t
+

1
2
ΓρLN = igaELE∗

N + f, (1e)

ª¥ EL, ES Ú EN ©O�Ä$1!&Ò1ÚD(
1�E�Ì, ρLS Ú ρLN ©O´1�1»ÚD(1
»��Ì, Γ ´��ì0��guÙp�Ñ���
°, Ú(fÆ·�'X� Γ = 1/τ , α �0�é1
Å�áÂXê, c �ý�1�, n �0��ò�Ç,

g0 Ú ga ©O�1ÅÚ(ÅÍÜXê, f �K��
D(�.

3�mÚ�mþæ^k��©�{éÍÜÅ
�§ (1) ?1lÑzÚê�¦). �§�>.^�
9Ð©^�� EL(z = L, t) = EL(t), ES(z = 0,

t) = ESin(t), ES(z = L, t) = ESout(t), EN(z,

0) = f(z, 0), EN(z = L, t) = ENout(t). 1å�
rÝ� IL,S,N(t) = (nc/8π) |EL,S,N(t)|2.

2.2 nnnØØØ���[[[���(((JJJ���©©©ÛÛÛ

3��ì�5Uëê¥, SNR ½Â� ISout/IN,

ISout Ú IN ©O����&Ò1Ú ABS D(�
r Ý; SAF ^ ESout/ESin L «, ESout Ú ESin ©
O����&Ò1ÚÑ\&Ò1�Uþ. (¯
Ý�p$^�����&Ò1rÝ (ISmin) ½U

þ (ESmin) 5 ï þ, ISmin � � L « � � ì ( ¯
Ý�p, � SNR = 1 �éA�Ñ\&Ò1rÝ
½Uþ� ISmin ½ ESmin. Uþ=��Ç η ½Â
� η = (ESout − ESin)/EP, ª¥ EP �Ä$1U
þ. ã 1 �Ñ
��ì0�©O� CS2 Ú FC-

72, 8�z SNR (NSNR) � G �Cz'X. O�
ëêXe: -1Å�� 532 nm, 3dÅ�e CS2

Ú FC-72 �0�ëêu©z [14]; �^�Ý Leff

©O� 20 Ú 60 cm; 0��áÂXê�"; &Ò
1rÝ ISin � 10−9 MW/cm2, Ä$1Ú&Ò1�
óÀ°Ý� 8 ns, �&Ò1óÀ�cuÄ$1ó
À 4 ns ?\��ì. O��, g Ú Leff �½, U
CÄ$1rÝ IP, G ���UC. lã 1 ¥�±
wÑ, éuü«0�, SNR � G �Cz5ÆÄ�
�Ó, m©�ã SNR � G �O\O\, ��
����Åìeü. ò�p SNR éA� G �¡
��Zó�: Gopt, §����0�ëêÚ Leff

k'. éu CS2, � Leff � 20 Ú 60 cm �, �A
� Gopt ©O�� 61.4 Ú 83.5; éu FC-72, =�
[
 Leff = 60 cm ��¹, Gopt � 40.5. �â©
z [14] ¥nØýÿ�]� SBS K�OÃ (CS2 :
Gth20cm = 44.5, Gth60cm = 66.3; FC-72: Gth60cm =
30.8), �±wÑ, ü«0�� Gopt þÑpu Gth, �
� Gth � 1.3 �. ã 2 ± CS2 (Leff = 20 cm)�~,

�Ñ
 ISmin � G �Cz, � G �� 65 �, ISmin

�3���. ¤±, ���ì$1u�Zó�:N
C�, Ø�U
¼��p SNR, Ó����&ÿ�
&Ò1rÝ ISmin �´�$, (¯Ý�p.

ã 1 éu CS2 Ú FC-72 0� NSNR � G �Cz

�)ºþãy�, ã 3 ± CS2 (Leff = 20 cm)

�~, �Ñ
���&Ò1rÝ ISout ÚD(r
Ý IN � G �Cz. 3$OÃ�ã, ISout Ú IN þ
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�X G �O\O\, �'�e IN O\��ú
,

�� SNR O\, (¯ÝJp. � G > 50 �, Ä$1
rÝ®Ñ�L0�� SBS K�, �´du�cÚ\

&Ò1, �ÙrÝ'0�SåD(rÝp, Ï
d&Ò1¬�`k��, D(����rÝ'vk
Ú\&Ò1��f, Xã 3 ¤«. ¤±, SNR 3�
L0� SBS K�NC¿vká=eü, �k¤J
p, 3 G = 61.4 ?���Z�. � G ��L 70 ±
�, ISout Ú IN ÑÅìªu�Ú, 3�Ú«, Ä$1
rÝ®���L0�� SBS K�, Ä$13��ì
cà, �Ú&Ò1óÀ¸�Ü©��, Òk�Uu
)g� SBS, �� SNR eü. Ú SBS K��ïÄ(
Jaq [14], ��ì��Zó�: Gopt �Ú�^�
Ý Leff!0�A5�Ï�k'. 3Ä$1Å�Úó
À°Ý�Ó��¹e, CS2 � Gopt ' FC-72 �p,

�ÑÑ�L0�� SBS K�, �Ñ�X Leff �O
\k¤Jp.

ã 4 ± CS2 (Leff = 20 cm)�~�Ñ
Uþ=

ã 2 �����&Ò1rÝ ISmin � G �Cz

ã 3 ���&Ò1rÝ ISout Ú ABS D(rÝ IN � G

�Cz

��Ç η Ú&Ò��Ç SAF � G �Cz. ã 4(a)

¥�¢��Ø�ÄD(���Ùp���nØ�

. [7] �[�(J, η �X G ��O\Åìªu 1.

ã 4(a) ¥�J�´|^�©�ÄD(�nØ�.
O��(J, � G �O���½§ÝKÚ¢��)
©Ü, ¿�X G �?�ÚO\, �3Åì~��ª
³. ù´Ï��X G �O\, Ä$1Uþ�5��,

0�S�)� ABS D(Or, ��&Ò1�m�
3¿���'X, ���ÄD(�'v�ÄD(�
�.O�� η Ñ$. ã 4(b) ¥ SAF � G �Cz�
daq. ,	, �Ä$1Uþ�p�, UYO\ÙU
þ, du���Ú�AÚ5g ABS D(�¿�, �
����&Ò1UþA�Ø2O\, �â η Ú SAF

�½Â, ù�� η kÅì~��ª³,  SAF ª�
². lã 4(a) Ú (b) ¥�±wÑ, 3cã��Z
ó�: Gopt ?, η Ú SAF Ñ������, XJæ
���, ;m ABS D(�K�, �êOÃ G ��½
3 Gopt ±þ, =�u 1.3 � SBS K�, ¿�C�Ú
��?, K η Ú SAF òk��Jp, Ó��¬��
�Z� SNR Ú(¯Ý.

ã 4 Uþ=��Ç η Ú&Ò��Ç SAF � G �Cz (a) η;
(b) SAF

3 ¢ �

¢�æ^ÕáV³Ùp���(�, 1´X
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ã 5 ¤«. -11æ^óÀ Nd : YAG -1ì,

²�ª�ÑÑÅ�� 532 nm, óÀ°Ý� 7.0—

8.0 ns, 1å�»�� 8 mm. 5g-1ì� s  
�1²d 1/2 Å¡\�� �¡ P1, N� 1/2 Å
¡�1¶��UC1åÏL�3ü��� �
��þ�©þrÝ�', Ù¥ s  �©þd �
¡ P1 Ú P2 ��, ² 1/4 Å¡C¤� �1, 2²
ßº L (f = 15 cm) à�� SBS �)ì¥, ���
�� Stokes 1²L 1/4 Å¡C� p  �1, ßL
 �¡ P2 �, 2d 1/4 Å¡C�� �1, ²½I
Ð�¥5�ÝÈ1¡ (ND) P~�����ì�
Ñ\ Stokes &Ò1. ¢��, Äkÿþ ND c�&
Ò1Uþ ES1, ND �ßLÇ� kND, K¢SÑ\
&Ò1Uþ� ESin = kNDES1. d �¡ P1 ß�
� p  �©þ²��º M1, M2 ���, ßL �
¡ P3 ² 1/4 Å¡C¤� �1, d1����ì�
Ä$1. ÏL3Ä$11´¥��ò�1´, �¦
&Ò1óÀ�c 3.5 ns ?\��ì, ���&Ò1
Ú ABS D(d �¡ P3 ÍÜÑÑ. du ABS D(
´�m��Ý©Ù�Ñ�, ���&Ò1´��
5éÐ�-11�, X©z [12] ¥�ã 5(b) ¤«,

§�A�Ó�DÂ�1< A ?. 3 A þmk�»
� 6 mm ��� 1, =4���&Ò1�ÏL, 	4
�Ü©Ñ�D(, ù��� 1 ?ÿþ�Uþ���
�&Ò19��Ü©� ABS D(�oUþ. �U
Ó�ÿþ�� 1 ?��� ABS D(Uþ, 3ÙN
C^�Ó�»��� 2 ��Ü© ABS D(, ùÜ
©D(UþCq����&Ò1��þ�� 1 ?
����µ ABS D(Uþ. ¢S���&Ò1U
þ ESout ��� 1 ?ÿþ�oUþ~��� 2 ?
�Uþ. ��ìÚ�)ì0�þ� CS2. �1Å�
Uþ^ OPHIR UþO (ED) &ÿ, $u 1 mJ �Uþ
^ Newport818J-09 .UþO&ÿ.

ã 5 ¢�1´ã P1—3,  �¡; ND, ¥5�ÝÈ1¡; M1,2,
��º; A, V�1<; ED1,2, UþO

3ã 5 �¢�1´¥, M1 Ú M2 ��º�m
\\�� 1/2 Å¡, §Ú �¡ P3 �¤UþP~ì,

ã 6 SNR � G �Cz (a) CS2, Leff = 20 cm; (b) CS2,
Leff = 60 cm; (c) FC-72, Leff = 60 cm

^5UCÄ$1�Uþ EP. ã 6 �Ñ
 SNR � G

�Cz'X, Ñ\&Ò1Uþ�� 6.02×10−12 J.

lã 6 [Ü�(J��, éu Leff � 20 Ú 60 cm

���ì, G �©O3 50.1 (EP ≈ 70.2 mJ) Ú 82.4

(EP ≈ 38.4 mJ) NC, ¼�� SNR �p. �â©
z [14] �ÿþ(J, 20 Ú 60 cm � CS2 0�� SBS

K�éA� Gth ©O�� 41.6 Ú 64.9. Ïd, ¢�
¥� Gopt �C¿Ñ�L Gth, �� Gth � 1.25 �.

éu FC-72 0�, SNR � G ��CzXã 6(c) ¤
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«, ù�0�³�� 60 cm. lã¥�±wÑ, ��
ì��Zó�: Gopt �� 33.5 (EP ≈ 172 mJ), ´
Ù SBS K�OÃ (Gth = 29.6) � 1.1 �, ¢�(J
ÚnØýÿÄ�ÎÜ. Ïd, 3]�^�e, �&
Ò1óÀ�cÄ$1óÀ\��, ��ìþ´3
Ñ�L0� SBS K�?¼��p SNR, ��Z
ó�: Gopt ¿Ø´��~ê, §�0�9�^�

ã 7 Uþ=��Ç η Ú&Ò��Ç SAF � G �Cz (a) η;
(b) SAF

Ýk'.

ã 7 �Uþ=��Ç η Ú SAF � G �Cz
'X, ³�� 20 cm. �±wÑ, �X G ��O\,

η Ú SAF kÅìO\, ��Ú�, UYO\ G, η

keüª³, SAF CqØC, ù
(J�nØý
ÿÄ��Î. ,, du0��áÂ!�1Æ��
��Ñ�Ï�, ��¢�ÿþ�'nØ�$�
.

lã 6(a) ��, éu Leff = 20 cm � CS2, ¼��
p SNR � Gopt ��� 50, lã 7 wÑ, éA� η

Ú SAF Ñ������, � G 3 60—80 ��S, η

Ú SAF �C�Ú��. ©z [15] ¥JÑ
æ^V
?���Ùp���(�Jp SAF ¿ü$D(�
�Y, U
k�{ø ABS D(���, Uõ SNR.

ò Gopt ��3 1.7 �� SBS K�NC, Ó�¼�
�p� SNR Ú SAF, ¢�y²
nØ©Û�(J.

4 ( Ø

nØÚ¢�ïÄ
]�^�eUC�êOÃ
Xê G é�f1&ÒÙp���ì� SNR!(¯
Ý!=��Ç9 SAF �5U�K�, (½
��ì
��Zó�: Gopt. (JL², ]�^�e� Gopt

Ø2´��� Gopt ≈ 20, ´�0�A5!
�^�Ýk'; éuÊÏ���.Ùp���ì,

Gopt ���3Ñ�L0� SBS K�NC, � SBS

K�OÃ� 1.1—1.3 �, ù��¼��Z� SNR Ú
(¯Ý, �du ABS D(���J±¼��p�
=��ÇÚ��Ç. æ^���Ùp���(�,

ÜnÀJÄ$1Ú&Ò1����, U
;m ABS

D(�K�, Gopt ���3 1.3 � SBS K�OÃ±
þ, �C�Ú��?, ¦��ì5UÓ���Jp.
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Abstract

In order to improve the working performances of a transient Brillouin amplifier, the dependences of the signal-noise-ratio, sensi-

tivity, energy extraction efficiency and signal amplification factor on exponential gain G are numerically studied based on the theoretical

model of transient Brillouin amplification including distributed noise, and an optimal working point of a Brillouin amplifier is obtained.

Experimental verifications are performed by choosing CS2 and FC-72 as nonlinear media. A frequency-doubled Nd : YAG pulse laser

is used. Results show that when the pump pulse lags behind the Stokes signal pulse by an amount of time equal to half the pulse width,

Gopt can be set to be above the SBS threshold exponential gain Gth. For a collinear Brillouin amplifier, Gopt is 1.1—1.3 times Gth;

while for a non-collinear structure, Gopt can be set to be over 1.3 times Gth. Nearly saturated amplification is achieved.

Keywords: transient Brillouin amplifier, optimum working point, SBS threshold exponential gain, delay time
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