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� 392 �������#�J���k�q������� 28 ~�m?jÆX-S;
#+u�f� 30 km S'�y�jÆ1J�dfO1�
�G�5V#x� 500 m 
`G�5V#x�5i�y�jÆ1J�O7x�0pTDiB"I�
��k�℄L	,{
/"��B6m?jÆX-�S;�y�j'�7x�jÆZa?D�℄�b
'By�1J)X�w�℄$q�)j~{�fi��"I�
��
�E�
z
M�`fOS*��	
y�jÆ1J�Ai`J��=a�)a�jÆ1J��Os+[I�
29�y��R.�1J�'�fQY'
(o�') �O:B&�ffO93J
'J[yz
�
BpofO3�po;Yu�P�3�&wf9BSU
4dl>XJt��*(9WfO
�fO_w'�xCB���E��0;Yu2��)7x�0p
�;l6m?jÆ7xf"IfO��j+F?D
y�jÆ1J��[�[u"Ib��o [11,18] �y�fQY'ii9��Ry��1J&"�'
�+�fQY'O:1tDx_=y�;YuQS�
�E�#+
y�jÆ1J�R_`��
Z�fQ`G�8
'�1_By�jÆ;YuQS�
�E�0�L:�n 20z
V�x��jÆ1J�O7x%F��0p>?DM"I�
�1J�
��E��
2 {�l�3L��Ai"IfO�y�jÆ1J&#�Ef�f2J 30 km 2u
+��BFG��n�fR1J�2bR1J�6Hy�1J [19] �n�f1J0Xfu�f�(�f5�
S'6A
�G��1J&"u�����-2Q(QEz���Ai�2bR1J+�0Xf5�
� 1 km �,JR�Æ�6A�6Hy�R1J+�f 1 km 2J
f,JR��1J&"[�
/).JDu�f,��Ai�y�jÆ1J
�>jA�fQ�
fF��I�O4&%��Aij�o?�jÆ_l��:�9�y�jÆ1J�L~
.
O"IfOfe�&#Jy�fQY' r0 
y�fQ`G τ0 
�
Z θ0 �8
' L0 ��
2.1 Z�!�xqdV	 C

2

n
(h)y�}PV�J%��jo?fA�J��I�fFVX�+�J�y�}PV_`X~ C2

n(h) lh{y�}PV�J�'��8
+�^Cy�jÆ1J&"�' [20] �y�}PVOy�G'�^'���Je
C2
n(h) %�S'�`G0X4�
�2'yO:�oL~(y�H�
A�,�-;��j��w�y�}PV_`X~l?hY�y�1J�'�E�Q):

\�℄1Jy���1J�R|W
B6m?jÆ�℄0#�O�L~�s8
Hy�}PV_`X~xa�hy�fQY'�fQ`G��
Z�L:�

2.2 Z��aW_ r0y�fQY'lh{y�jÆ1J�G
'���L:� Fried f�wjA1Jy�o?�o��~ya��7>L~ r0 
�h{jA�y�8"��l�6��a'
9s r0 L-^B Fried X~ [21,22] �y�fQY'O}PV_`X~J0>Xd!�eX
 r0 l,�Ry�1J�'�d C2
n(h) �.��y�fQY'f�MjA+����l 10 cm 
4�6A+�f 4∼25 cm �f"IfO�
}lHMy�1J&"�Ai/���4�n�
"IJ^	Bo�'�



� 4 � H1CÆ��#J�Æz�k�2K�P8y 393�,M+��fOAY
y�fQY'[*
o�'[U
9�y�1J&"[�
;Yu�jÆ_l�:'[U�9sy�fQY'1t_B�:�MjA+��8"I�
�+UXDL:�
2.3 Z��a�n τ0}j'y1Jy�j_>A���`-4�X{�$�1J
$_�DS
A��-4f*`8ul).#bD4�
�U`84ly�fQ`G τ0 �y�1JRf τ0 `Gu
1J��-<Bl+��
HF
CD/-
$_�0	.
�A�D0X-4�y�fQ`Gf�MjA+����l 5 ms �9sf"IfO�
y�fQ`G τ0 ��>6m?jÆX-S;�i?L~
46m?jÆX-�A�oR��O�V�O�u�i?�V0�yM 1/τ0 
Ix,y�jÆ1Jj_�8"j�a`O� [23] �Hl
6m?jÆX-TDx,y�1Jt?j�JtO��
2.4 ^�p θ0�
Z�~7l�ffOoWrM θ0 �.Su
1Jy�zG�a�Vn+�
}jty1Jy��;�fF-4-<Bl�+� [24] �[h>�
Z6A
�j��fF�O:y%0X
y�4���
Z θ0 f6m?jÆ"IfO��57fMfOp8O�}	G�?Z?4#rM�
Z θ0 ��J_=N&N
I�.D<}CB�},fOp8Ba`�6m?s���
Z,6m?jÆX-�Ai
y
f�MA+�
Zf�r
�J5Zi
/�>n�8A+
�
Z�2x� 20 �∼ 30 �
9s�8A+�6m?jÆO�#/�MjA+A3�.�;Yu�
��
ZL~lj�S�5V"IfO�X��#,{�
2.5 �X_ L0X{ Tatarskii �y�1J-;)X
,MzG�aVn+�1J�wf0+Ui�4.G (l0 ≪ r ≪ L0) 
1J8
' L0 l1J>Vn+��2b�1Ji�4.�Jb
'�)aBx:)C�
' [25,26] �1J8
',y�1J-;��O:�AilDA�o�
fy�jÆ2�?D�w�
1J���8
'�0�#�CD [27] �HMy
'1J,jA�fF�J�&#CD
9sf"IfO�2fFCZBs+�6m?jÆ7x,!My�1J8
'�/4O: [28] ��w_w9k
,My�v;Yu
J
�y�8
',y�1J�"IfOO�J
y�Ai�
3 {�3L�Q:4s=�
DS1t0p>.�y�jÆ1J��O93�WFS (WaveFront Sensor) [29] �
PSF (Point Spread Function) analysis [30] � Scanning scint [31] � Scintillometers [32] � In-

terferometers [33] �930p[i
fi���
�E���>[��?D�XM� DIMM

(Differential Image Motion Monitor) [34] � MASS (Multi-Aperture Scintillation Sensor) [35] �
Micro-Thermometry (Ballon) [36] �93
1n8?DMibV�"I�
ZC�� SCIDAR

(Scintillation Detection and Ranging) [37] �GSM (Generalized Seeing Monitor) [38] �SHABAR

(Shadow Band Ranger) [39] �SLODAR (Slope Detection And Ranging) [40] �SNODAR (Surface

layer Non-Doppler Acoustic Radar) [41] �'X{D+;Yu��
�#
��>[.�?D�
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LuSci (Lunar Scintillometer) [42] � Single Star SCIDAR [43] �CB?x0p�jÆ1J�O7x'fn5z.C?D�fn 20 z��iby�;Yu�
ZC�
J{S*�2D+�>�fy�jÆ1J��
�E���>?D�Q 1 
$[�f��v�T�Ml~Tu℄[�S
i`Oy

C2
n
(h) v(h) B6W r0 τ0 L0 θ0 �:S

DIMM no no — Y Y N N Y

MASS yes no Low Y Y N Y Y

SCIDAR yes yes Low Y Y N Y N

G-SCIDAR yes yes Low Y Y N Y Y

Ballons yes yes High Y Y Y Y Y

GSM no no — Y Y Y Y Y

WFS yes yes Low Y Y Y Y Y

PSF analysis no no — Y N N Y Y

Scanning scint. yes yes Low Y Y N Y Y

Scintillometers yes yes Low Y Y N Y Y

Interferometers no no — Y Y Y Y Y

SHABAR yes — Low Y Y N Y Y

SLODAR yes — Low Y Y N Y Y

SNODAR yes yes High Y Y N Y Y

LuSci yes — Low Y Y N Y Y9 1 ;_>J{�O7x,M1J�d C2
n(h) �F
�d v(h) ��G�5V�n�fR1J22 r0 � τ0 
 θ0 �8
' L0 �jÆ1J��L~��Ox3�hY-;���Micro-

Thermometry (Ballons) � SNODAR |J[S��G�5V
 SCIDAR xa[Y�FO�Ry�1J�&"
/3vf� DIMM ?D?n8�.IT,[XD� Micro-Thermometry �
DIMM � MASS � SCIDAR �y�jÆ1J�O7xW2hY
N�
3.1 DIMM

DIMM O:o�'�93?iH Sarazin � Roddier �h [34] 
l'y}lA�$w�f,�J�;Æo�'�|!a_lf 1 Ur�v;Yu (20∼35 cm) C*l=� 2 U4*�℄�{
�� 1 U4*�+ju
d 2 U4*f;YuYf�}lJ�m��(�;YuYf�� CCD 
�
K1�}l/l
>+FH��;Æ+wk>-;�}l�F�|W�S 2U4*�
vB D 
4*�{	G�}(B d 
fY	fJ 2 U4*�_}l	G�f,b"�2�a_9U9n�vn��n
X{1Jy���jo?)X�2Whvn��nb"�9U
 σ2
l � σ2

t �;Bvn��n94*9n�}lb"�9U� λBfOAY� r0 ly�fQY'�
σ2

l = 2
(

0.179D−1/3 − 0.096 8d−1/3
)

λ2r
−5/3
0 , (1)

σ2
t = 2

(

0.179D−1/3 − 0.145d−1/3
)

λ2r
−5/3
0 . (2)
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r0 �}l<'!D�2� FWHM (Full Width at Half Maximum) JBZeX�

FWHM = 0.98λ/r0 . (3)

DIMM dD3v�r�v;Yu
�293�'�y�fQY' r0 
>"HMKD}l[Ub"Æ3
1e>;Yu�}�.U%"}��SU
9s��>?n8?D
1t_Bs="I�
��
FO�0�S*�� DIMM �FO_w�xWhy�1J&"��R.�_w
32y�1J��R|W
Dx,+U�
�jÆ1J��j�Y��E�nz� DIMM fsu81J�
�E���n8�?D
B ESO(�#s9"I�)f�.� VLT (Very large telescope)�
 [34] 
asf[>-�� NNTT (National New Technology

Telescope) ;Yu�
 [44] 
>.f[>-�� Subaru �
 [45] 
_s"I�f-U 2.4 m;Yu�
 [46] ��fj���as TMT (Thirty Meter Telescope) �
 [47] 
 ESO � ELT

(Extremely Large Telescope) �
 [48] 
s0 DOME C �
 [49] 
s�"I�VG"I�
jp [50] �
&KD> DIMM O:o�'�/ 1 ls�"I�VG"I�
jp�0� DIMM X-
22NS*f�PfOv�o�'fO_w��*fOK! 1 337 >~{
fOo�'J7��5��
9kfO_W�"�&N>XM��o�'��`G�E9_h�!�ZX,j
��B 0.7 ��

0 1 �tA#J� DIMM T+� 2007 { 3 ℄ 16 ?g�QgPw	p�(gP`x
3.2 MASS

MASS l+�Æ�5V�y�1J�RfOS*
'yO: 4 U���vjÆX-\r}jH��2�� C2
n �d��U)lV>�v�fe0��~�,,?S'�1JR�;��H�9UjR
'yS;+XA��v
4�Wh C2

n �d [51] �MASS �F�l,;Yu�v#+Dy
�US*v}93
�3�lS'�5V[Æ�/ 2l MASS fO�U)g5/�s�"I�VG�
jpj�� DIMM-MASS a���}j'y�vB 2 cm � 4 cm � 6 cm � 8 cm �jÆX-
H 4 Uj�)mh�;'/H



� 396 �������#�J���k�q������� 28 ~��|W�'y;Æ+,D+S'�H�|Wj�5�
�2'� 0.5 km � 1 km � 2 km � 4

km � 8 km � 16 km S'J� 6 Ry�1J&"&��

0 2 � MASS V*h60�tA#J� DIMM-MASS b�/ 3l.DNS*f 2004z 9\ 30>, CTIO (Cerro Tololo Inter-American Observatory)� Cerro Tololo �
j�*G1JfO�/4 [51] ��2�h�U*Gy�1J&"f 4 km� 8 km �S'&"[B�B�

0 3 2004 { 9 ℄ 30 ?g CTIO 	 Cerro Tololo �Æ MASS gP`x [51]

DIMM-MASS l 2000z2�0p���+jx��O7x [52] �MASS �2fO���f2J 30 km 6Au 6 RS'�y�}PV_`X~
�,n�fR 1 km 2uDjR�/
DIMM �2'��Ry��1J.���'y�� MASS � DIMM +`fO
.D DIMM



� 4 � H1CÆ��#J�Æz�k�2K�P8y 397�O:�Ry�1J�'���
�2+`'�n�fR1J�E� 1 km 2J6Hy�R�1J&"&��
3.3 SCIDAR

SCIDAR lp�?BY��y�1J�d�O93
�2�Ou�f�(�f 30 km S'J�Uy�R�y�jÆ1J�d�F�d
q
�5V[S�if 20i> 70 z~ Vernin �
Roddier �h> SCIDAR �P} [53] 
���7xa_�fO?D1�fn_5z
 1998 z

Fuchs, Vernin �90k> Generalized SCIDAR 93��K Classical SCIDAR ,n�f�ODjR�3� [54] 
Avila �9a_> Generalized SCIDAR 7x
Whu�f�S��Uy�R�1J�d2F�d [55] � 2000 z2�
 Vernin �9�h Single Star SCIDAR (SSS) P}
>'�gFfO_w [43] 
 SSS 7x�f 40 cm �v�r�jÆ;YuJa_fO� SCIDAR7x,M"I�
�6m?jÆ?D�y�Q)�w��Gp8Fo
J�#�dDE��

SCIDAR 93,}jtyy�VX�H�/l�
<U (rM 1 ms) 
'��H�/lj�6fe��fel)
5�h1J�q
�E�d�/ 4l G-SCIDAR �U)g5/ [55] 
X{y�1J)X
;YufO�}`
?Z
r�9�
}�jAfS' h J-1JR�8"
,?�ufJ\r��+�}(�9�j��'�J��
4;Yu�fO��H�}l
"~>NR1J�|W�ZA^fWhH�/l�6fe�~ [55] 

C∗∗(r) =

∫

∞

0

dhC2
n(h){aC(r, H) + b[C(r − ρH, H) + C(r + ρH, H)]} , (4)�� C2

n(h) B1J�d�~
 C(r, H) l H S'�
}H�6fe�~
 H B,?�1JRS'
r l6fe�~�{D��F�
ρl�}�(Z
94 a, b�;BZ
a =
1 + α2

(1 + α)2
,

b =
α

(1 + α)2
, α = 10−0.4∆m, ∆m B�}}�U�uH�/l�aThy�}PV_`X~ C2

n(h) �f?S'�F
 v(h) �d�
�2;Æhf?1JRS'�jÆ1JL~�o�'�fQY' r0 �fe`G τ0 ��
Z θ0 ��/ 4 pg�fO_wH�+f CTIO � Cerro Tololo �
 1.5 m ;YuJ� G-SCIDAR

0 4 � G-SCIDAR V*�g Cerro Tololo �Æ 1998 { 1 ℄ 19 ?gP`x [55]



� 398 �������#�J���k�q������� 28 ~�'� [55] ��2�h
 G-SCIDAR Wh>�f�(�f 25 km 6Au�y�1J�d
��n�f1J&"?�B�
SCIDAR 7xp�1tfiby�jÆ�8;Yu�
���n8?D
?;9)p��#s9"I� ELT �
;� [56] �as� TMT �
;��s0� DOME C �
;� [57] 
&T SCIDAR AC�0*��
S*
FO"�&f 1 z2J�f1J�ibF7�

Bas[>-�� Mauna Kea �
 [58] ��#s9"I�f&�.� Paranal �
 [59] 22V��Cr.5�� La Palma �
 [60] �
'&�7?D SCIDAR 7x
B�6m?jÆX-�℄S�5V�1J�E|W�

3.4 Micro-Thermometry?G℄"3l'yO:y��J+�}(�9�	G�G'?r℄"
�'/jÆ1J��E [61] �N93�&#,{l Kolmogorov �zG�aVn+�1J)X
4fy��9�	G�}(rMy�1J�i�.` (l0 ≪ r ≪ L0) 
y�1JOG'�'��V�Y?4�fe
�G'_`�~_=^f [62] �
C2

T (r) = {[T (x) − T (x + r)]2} × r−2/3 , (5)�� C2
T (r) BG'_`X~
 T BG'
 r l9�	G�}(�fjÆA+
}PV_`X~�G'_`X~�eX�9gB�

C2
n(h) =

(7.86 × 10−5 × P (h)

T 2(h)

)2

C2
T (h) , (6)�� P , T �;l�GO:���� (�FB hpa) ��,G' (�FB K) �X{Jf�^f (5) � (6) 
'y�
O:y��9��G'U�����	�G'
�2�h}PV_`X~�?GoR�l?G℄"/��#>_G�
?GoR�KDfw�H�
+��DB�(~~�
|Ji?
'��d�'���5VS�!.r���
�+`HM?G�[Y
A3���/ 5 ls�"I�VG�
jpfVNQZ�xV��	FO��?G℄"/�S�/
KD� U�9f�O9�GU
�2�S�Os'�

0 5 ��H^#0V* (K) P�T0 (A)?G℄"3J9�?D�f�+�lT?GoR�+ef���*J
�O:u�f�S�,JR���UjÆ1J��E�N93�2'/S�5V�q
jÆ1J�F




� 4 � H1CÆ��#J�Æz�k�2K�P8y 399��d [63] �F+�lT?GoR�d�f�fJ5_
S'� 1 US�J
u/O:n�fjÆ1J [64] �/ 5 ln�f�O1J�U)g5/
+,?GoR�f}(B r �6Au
y��G'4��}PV4�l+��
'yO:y�G'�
℄"
�2+hG'_`X~�n�f1J�R|W
j/'�n�fR1J���S'�o�'�|W�n�f1J��_O&"tXOzG��d!fe
f�Uy�jÆ1J�uJ?y�/�
,"IfO�AiD��o�/ 6 ls�"I�VG"I�
jpfxV��	�'/�n�f?G�O_w��;Wh>?GoR��Ef 4.15 m � 6.25 m � 10.15 m � 19.15 m � 36.65 m _ 5 RS'J�G'_`X~�k^�h
(�f?n� 4.15 m S'�1JR&"?�
�"�n�fR1J&"/*G#��

0 6 �yW��
� 2007 { 10 ℄ 26 � 28 ?k�	o�g�H�P`x
4 uwa.�s=

1980 z2�
sui��
ZCHM`J[9I�S*j�fO
.KDpo3�po�P�3j�y�jÆ1J����b��
�E).J,
�
*��9Zt��9_�phN`��jÆ1JO:s'[Æ
�ty#+("IÆ��H��3
=BOs"Ib��>B�PfOv�+y�F7��
 [65] �
20 i> 80 z~2�
�0 CCD �O�7x�?D
su�jÆ1J�O�	J>
y�S
>?DM1J�v�jÆ1J�E�x��
ZC�� 1978z� 1979 z
_s"I�f=nb�G Gj�>B� 1 z�7A�&0}7AfO2l)
,���o�'&Nj��E [66] �J|"I�B>�wFGvy�o�'�).&�
 1986 z 10 \� 1987 z 4



� 400 �������#�J���k�q������� 28 ~�\
.D 40 cm }P;Yuzf7A3O:y�fQY'
.DN��ov�S��o~{;Æ>�T> C2
n(h) 2y�jÆL~�:^4���
tt,FGv�y�jÆ1J&"j�>9��E [67] ��PfOvf 1994 z�;KD DIMM �}l2!�3�G'℄"��/�W%x���O:93,y�jÆ1Jj�fOa����W%xB&qyÆ��
G'℄"��/� DIMM B�#j+��℄ [68] 
}l2!�3.D�PfOv� 2.16 m ;YufO9_�stfO'�>y�}PV_`X~�d22�Ry�fQY'
phfO`G[*
�l,�PfOv�jÆ1J&"J>[2f��E [69,70] �

20 i> 90 z~�_s�
�
?D> DIMM [71] �?G [62] �W%x [72] �93�O:y�jÆ1J���if 1993 z
_s"I�yV\��> DIMM S*j�o�'fO [73,74] 
/?G℄"/B�#j+�����lOs�Ft�
S\
?�B_s"I���>-USa
�
 [75,76] 
0y�5"> 2.4 m ;Yu�0jQS�_s"I��B�8� ��p>L℄�#>���
ZC
KD� U�lb"FO/�H�/�$Go�'FOS*j�fO
>Wh�"y�jÆ1J&"�E [77,78] �
2000 z��
3fG"I�fJK�[GB 120 cm n�"!;Yuj��

Wh>�
��*"j<'�y�o�'2�o#��fO_w [79] 
��y�o�'O:S*B_s"I��℄�F� DIMM � BATC .D�PfOv℄d�;Yuf 1995—2001 z,&0}�y:fO~{
KD�/}l2!��93,o�'j�>-;
0_�:^�"�&N�D+
o�'.~�Ef 2 �∼ 5 �	G
�Po�'&N[:/!:��Nj�w_B�Po�'��#L	
,>ao�'�:^4�J�#57 [80] �
2003 z
s�"I��"VG�
jp [81] 
KD66��� DIMM S*�O>.s0"I�_+���?G℄"/�;,xV���	�VN�QZFO�j�>y�jÆ1J�O [50] �u CTIO l'� DIMM-MASS S*
�fj�a��fO�p��O3s NICE yÆ�C
�e�} SCIDAR ���ZC�.jy�jÆ1J�OS*T-.C�x��
ZC�
HMVG&8�
�
�&Nf�H�
�#0pS'6"��y�1JfOS*�
2006 z
s0 Dome-A "I�
;��" [82,83] 
'ys=�C
1t�+>?G�W%x�n�f1J�OS*
j�XzFO��32 MASS � SCIDAR ��Ry�jÆ1J�dS*
3�Y��1J�d�O_w�
2010 z�"� SONG jp�

1tf�G{fOv�+&0}7Ao�'/�ej�Y�FO
>O DIMM S*j�/,q��4T�"� 4 m � jÆ;Yu�

,$Gy�jÆ1J�O�h>x�#+�9J�{
tyn 30 z�.'
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�s0 Dome-A �

22>P�2�6m?jÆ7x?D��#
y�1J�d�Y��OT_B"I�
�Æ!�+���0p9n�X{D+�
�#+��
E�j�y�1J�d�5�Æ3�w2�f?�S*���,MLDQv����

#+3v�r���6"�1J�dFOS*��℄�
�E�/1J�v�0p��lS�5V�1J�d�O7x
B6m?jÆ�)�℄��L~�p;h�5z
B_=�
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Detection Technology of Atmospheric Optical

Turbulence for Astronomical Site
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Abstract: It is known that the effects of optical turbulence are important to astronomical

observation. Therefore, a brief review about the latest detection technology of atmospheric optical

turbulence is given here.

In this paper, the parameters of atmospheric turbulence are introduced, such as optical tur-

bulence profile, coherence length, coherence time, isoplanatism angle and outer scale, those are

important to adaptive optics observations.

A summarization is given to the principles and observation of DIMM, MASS, SCIDAR and

Micro-Thermometry. DIMM is a portable instrument for detection of optical turbulence, but it

only senses the whole atmosphere. MASS can subdivide the whole atmosphere into 6 thick layers,

e.g. 0.5, 1, 2, 4, 8, 16 km, and the turbulence intensity in each layer is measured. Turbulence

of the ground layer can be measured by combining MASS and DIMM. The SCIDAR technique

provides the profile of the optical turbulence and the velocity of the turbulent layers, the single

star SCIDAR is a portable version of the SCIDARs, it can be installed on small telescopes. The

refractive index variations arise directly from temperature fluctuations and can be measured by

using the temperature fluctuations. Microthermal sensors are equipped to mast or balloons, the

former only detect the near-ground turbulence, and the latter can get the profile of the whole

atmosphere turbulence and wind.

Finally, we summarize the development of detection technology of atmospheric optical turbu-

lence in China.

Key words: site testing; seeing; optical turbulence profile


