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j -sJk*�o��M�d3X� -IPAj4'�Jy/ IPG9i

(Helioseismic and Magnetic Imager, HMI) j` ��D�W;PA�JRA	�g
PAN���� -sJ�J4E��dxNPA��j p gM -sJvM/mg

kNPA��� Zj4'�X�'FM -sJ�PAN��|,�4E�0�
{�j
B%d p gM -sJkGPAN���v�+�j�R� 500 Gs m+�D����
500 Gs 3 1 000 Gs ��q|V
=(�+� p gM -sJj�`�NPA��|��j1L44L���X0�V	�;G9i (Michelson Doppler Imager, MDI) I HMIg
j
BDÆ/�i) MDI 78jPA
B$z`� HMI 78
B~Z�_=dZ pgM -sJ�PA��j4'�!��
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1 &" �67&Eq℄9�$_O���i�,rIn�z��rI [1], �
.=rx�,rI� (�zg����Cw4�&i2w�1) 8$^ [2−4].�℄k�(eL p fL�,i"��OJH�O���\bn6 [1,5−7], p fL�,i"�{�Sz�O���,rIi#Y [8], 67&E�S 5.2 mHz l*i p fL�`i"�jFV:O�i��
{� [3,9].��OJ7�,rI#Yi6iW��.lF�v7OJO�9�:l*	1i{C-" [10]. 0{(eL.�,Hq℄p4i(:	1S0K3VWxi�5r�x.�,v7q℄ip4F$����,rI�OJ7\b#Y�/-i�T-�a4rI{6ii6.l�� 3<�#YWx�
9{�WxH�pn6Wx [11−18]. � 3 :i6+��w��I4$.�fbi�,rIi{6�IxrI�hfH.l+��I� 3 <Wx��,rIiv
2012-02-22 Zd�$� 2012-04-23 ZdN $

∗ �tL*-UhÆ7l (11078004, 10933003, 11073050) HA
† wxmerry@ynao.ac.cn



6 � � \m
s_&a!.tK�QB��k5( 4715H� [19], �`b
.� 3 <Wx6_i�"-�"O�-{�C�i33�

O�Æ���,\O�i>2Wxb�Æ��>�S
:�O����
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Braun l [2] � Brown l [20] � Toner l [21] ~B
.�k{W�&EL�:rI��J.��-�S�/�Si"�M��� MDI _��rI��j7� 50∼250 Gs i7l��O�M�^� MDI FR�_�7&[{
.<erI�� [2−3,22].

Hindman l [3] Ix MDI "�!SfL67ig��lkV:O�_��
.q℄$_4,
si p fL�,rI�V:O���{��3D�.l�Lp)bjFV:O���i�u�p fL�,rI{
-i*��
 Jainl [22] �� MDI i�,rIHV:O���_��ILs�si���
.� p fL�,rI�O���\bn6��n6AAjFV:O���i�u
�u�"��,rI�O����Æ{l�����J.��2H7lO� (51∼300 Gs) M�"��,rI��O�Mb\bn6��)�iW�7}IxV:O���8��/�i�,FF [3,22], ~C-�+�iV:O���_a4��,rI+�i#Y�̂ SjFHIO�i67�.lfbO�M���+℄(K-�SzMO���v5�,FF�b(KIxMO�8wpz��H��/��,rIb� [23]. Gosain l [10] �Ix Hinode 67iHIO�_�	L MDIig��_��OJp4i�v��v�v��H�v�IL� �
.���#&OJ��,rIjFO�M���u
*��G�wi0K33&_� -65%.��IxV:O�iQ�����fbMO��
.LO�M����,rIiv5�V:O���aY��℄��
2wH�
Cw�i�,rIHO�M���ILs�si�����
MO���M� p fL�,rI�ILuL�fb�,rIjFO�M��i�Y 0�q 1 S
.L/�bz��O��� 500 Gs C{�T3�i*�;R���;RB����._*���7�`� MDI H HMI Gh
i	AVL����7q 2 4�
7L_�8	��M>�q 3 4�
7L_��=�q 4 4�?^L��	W�TSq 5 4�VLwWH	WM	�
2 ��*e�f���IxLzq℄zCT{�o (Solar Dynamic Observatory, SDO) �G4X�i
HMI h
 [24] lkq℄�.�{�o (Solar and Heliospheric Observatory, SOHO)�G4X�i MDI h
 [25] fbi67_�� HMI _��\ 45 s efi 4096×40968f%._��:g��H\ 12 min |8iV:O��� MDI _��\ 60 s efi 1024×10248f%._��:g��H\ 96 min |8iV:O�����g��_�iI2M>CH� Chou l [19] i��3��za
70*�

(1) ��\&2wsiFF{#	�S0 81 � (MDI _�S 61 �) �&-�
(2) +%V: (line of sight, LOS) At�
(3) �Cw�S4T,l#u�Sn� 1.5 mHz i�`FF�
(4) \�%._�8D℄���H��Y"&�
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(5) gKq℄$_i�<KDAt�
(6) S"l�abz��7Ei
&���\�_�D℄Flq℄OJ�7Ei (φ,

θ) Y"&�� φ �y"�:� θ �n��:� HMI S"i��� φ � θ ( 30◦ , �t
1024×10248f�f��t� MDI S"i��� φ � θ ( 30◦ , �t 256×256 8f����W�lOiO���℄S"�g���Cw�iV:O�_��0O�I4^2>i 2 � 4 � 5 � 6 m.�%O��S"��g���`i���
3 �����,FF7aLL p fL��FFH�/�Sl4i�`FF�)�iW���G:FF�(W� [3,10,22,26]. ��7b��G:�,FF��(8���/�S 5.4 mHz[27]M�����\&bz��fG&�,rI�� p fL�,�"��,���MO�i�"��℄IxL"EQ������V:O��I���1~HIO��*ohMO��� B =

√

B2
x + B2

y + B2
z . ��I�&��O�iE'K��℄S"ibz�YS0*}}� (1) bz�+�._7E� (2) bz�{7E�OJ� (3) bz�[Y��\Z�^SMapB��O�/SErO�iTs$O [28], �℄t�^Ix��iO���B_�~C�-���/E' [23].�7�bz�Cw�pil{V:O�_��Cw4��&fb�&V:O���l{V:O�_�&V���fMO��*�l{MO�_��Cw4��&��&MO���7:kbi 7 &`Abz�_�k6_|$ 1, S"i(bz� p fL�,rI�H�&V:O��|� 1 k� 2. �7O��Z3�\�� Gs._ 1 �/�'}nÆkut
�

Table 1 Parameters of each active regions used in this article

NOAA Instrument Longitude(◦ ) Latitude(◦ ) Velocity/Magnetic frames Obs. time length(s)

11084 HMI 0 -19.15 2048/128 2048×45

11092 HMI 0 12.5 2048/128 2048×45

11093 HMI 0 10.5 2048/128 2048×45

11113 HMI 0 16.1 2048/128 2048×45

9056 MDI 0.08 -13.09 1024/11 1024×60

9057 MDI 4.72 13.88 1024/11 1024×60

9129 MDI 0 -5.2 1024/11 1024×60

4 �y
4.1 p|m
 11092 jq��bz� 11092 iCw�p�{ 2 048 �g��_�H 128 �V:O�_�� p fL�,rI�SzCw�S� 1.5∼5.4 mHz pi�,FF3u
f�"��,rI�SzCw�S"� 5.4 mHz i�,FF3u
f��&iV:O��Sz 128 �O�_��Cw4�&
f��&MO��Sz\�V:O�_���SfbiMO�_��C
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Fig. 1 Power maps (left) and line-of-sight magnetic field (right) of the four active regions from HMI. From

top to bottom are NOAA: 11084, 11092, 11093, 11113.
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Fig. 2 Power maps (left) and line-of-sight magnetic field (right) of the three active regions from MDI.

From top to bottom are NOAA: 9056, 9057, 9129.
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Fig. 3 The high-frequency power map (left) and the average total magnetic field (right) of NOAA 11092*_�℄wpz���MO����� 20 Gs (�� MDI _�" 50 Gs) i���bz� 11092 iz�� p fL�,rIi+��|� 4(c), �z�� p fL�,rIi�
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.$w&_� 0.998 5, .|	�C���%t�1�	n�,rI�&
�	�tiz��i�,rI�IL<
Y�

� 4 (a) >e[k p hN!.tK�X<QBkt�t5(�� (b) >e[k p hN!.tK�OQBkt�t5(�� (c) {�� p hN!.tK,��� (d) wNh!2l��>� (e) wN p hN!.tKÆ�aX��
(f) p hNtKÆ�aX��

Fig. 4 (a) Point-to-point comparison between the normalized p-mode power and the absolute value of the

line-of-sight magnetic field intensity; (b) Point-to-point comparison between the normalized p-mode power

and the total magnetic field intensity; (c) Histogram of p-mode power in the quiet region; (d) Fitted line

and error; (e) Logarithmic plot for the p-mode acoustic power of the fitted line; (f) Logarithmic plot for

the p-mode power and the total magnetic field intensity.UV:O�_�H p fL�,rI��℄.l)JG�)w{�`i3&�O���ÆY� p fL�,rIÆn [22]. ~Cs�si���.lP+�py;�:3&�r
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&s��i
C1{
&O�7I-H p fL�,rI7I-��℄�V:O�i%�-HMO����'W�QY"� p fL�,rIW�PY"X� 2 �Y"&p (� 4(a)∼(b)). ��� 4(a) �� 4(b), .l
.� 4(a) {
Bsq{�niV:O�-�~{�ni p fL�,rI���Bsi� 
.�BsiMO�-S	V:O�%�-i 5∼6 ��� 4(a) 7is� 500 Gs ��.l
-)J	{G&�1�Q�44�S8KOJ��is�*4�S8KOJ�=is�G&/��Q$
��3�V:O���M�O�� p fL�,rIi{�H�/
`�����`iMO����OJMiQ:O�����MiQ:O��~C4^� .l-w�,rI\O�M��v5��LI)W��,rI�O�M��i3&��℄xO�� p fL�,rI�I�<���
wO��Æpi p fL�,rI�"7-��7-b^LRO��Æpi p fL�,rIb��rRx0*���_��I� ��"
wO�M���Æp (�� HMI _�S" 20 Gs, �� MDI_�S" 50 Gs) i�,rI�"	7-��O�M���ti�,rI��<��<��℄Ix7-��8�7wrI��`�ohC.l?KW�ifS}=q�irI-�	A�Fiv5���7lxbiuL&.�,rI
4^2>H�
wMO��Æp"7-�uLJ8i 0|� 4(d), �<��BrIi�<�U� 4(e) .l)JuLJ8i p fL�,rIi�_�MO����C���0K3&��℄ohL p fL�,rIlk	�_HMO�i0K Pearson 33&_�0K Pearson 33&_x8�IG�I)wi0K33K�)J
&� -1 H 1 )wi-�	wp�
C =

1
N

∑N

i=1(Pi − P )(Mi − M)

σP σM

, (1)	�J)J p fL�,rI P �O� M iC�<��jS P H M i"E<��'p� σP H σM . C � 1 $OG�I�%0K%33� C � -1 $OG�I�%0K�33� C � 0 $OG�I�,K0K33�	A$
 p fL�,rI�MO���� 500

Gs l*� 1 000 Gs l*� 2 000 Gs l*i0K33&_�'� -77.68% � -78.76% �
-73.84%, p fL�,rIi�_�MO���� 500 Gs l*� 1 000 Gs l*� 2 000 Gsl*i0K33&_�'� -83.93% � -88.12% � -92.32%.VL"��,rI�MO�i33S�
.�7wMO���M"��,rIbJ.L�� (� 5). �OJ�v�v��MbJ.�"��,rIi��#Y (� 5(a)).

4.2 HMI 4 s|m
�x�℄x�`i��M>L HMI P� 3 &bz�i_��fbiuL 0�bz�
11092 
�-O�� 6. �
PN 0� 500 Gs l*nT;L�� 1 000 Gs l*b�C���(bz�iuL 0�C����$
/�bz�i p fL�,rI�MO���{3�i3&�
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� 5 (a) d|� 11092 #�!.tK��'OQBkt�tX�� (b) wNk!2�
Fig. 5 (a) Point-to-point comparison between the high-frequency accoustic power and the total magnetic

field intensity of NOAA 11092; (b) The corresponding fitted line.�L�
2y; 4} 0i3�H��Oab^�n} 0� 500 Gs H 1 000 Gslpi<'��R�℄ohLP� 3 &bz�	A 0Hbz� 11092 	A 0i<'�mwp�
R2 ≡ 1 −

∑

i(yi − fi)
2

∑

i(yi − y)2
, (2)�R�57 yi �6* 0mbz� 11092 i	A 0� y � yi i�&-� fi ��� 0��'�P� 3 bz�	A 0� R2 b^G 0)wi<'H��-� 1 $O�%;L�bz� 11084 � 11113 � 11093 � 500 Gs l*� 11092 i	A 0i R2 �'�

0.995 5 � 0.995 4 � 0.996 4, � 1 000 Gs l*	A�'� 0.996 3 � 0.995 1 � 0.997 7.
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Fig. 6 (a) The fitted lines of the four HMI active regions; (b) Logarithmic plot for the p-mode acoustic

power of the fitted lines.
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4.3 HMI ( MDI �xp℄�℄� MDI i 3 &bz�
�4^���ILuL�*�fbi p fL�,rI�O�M��i 0� HMI i	AX�
��|� 7.
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� 7 (a) HMI 4 'd|�J MDI 3 'd|�wNk!2� (b) p hN!.tKÆ�aX��
Fig. 7 (a) The fitted lines of the HMI and MDI active regions; (b) Logarithmic plot for the p-mode

acoustic power of the fitted lines.U� 7 7�℄.l)JGs�
(1) �� MDI h
fbi/�bz�i p fL�,rIjO�M���Yi 0bS
4i�� 500 Gs l*�C���� 500 Gs 2 1 000 Gs �Æp�����lbz�

9057 i 0�gE�
4^/Lohbz� 9056 H 9129 � 500 Gs lpi R2 �'�
0.984 6 H 0.987 9; � 1 000 Gs lpi R2 �'� 0.986 9 H 0.991 9.

(2) MDI i 0� HMI i 04���

 HMI 7Ii p fL�,rIjO�M��*�f� MDI ia4�+��rSGh
{/�i7I	A��L��E'p��Gh
i<'��℄�bLGh
}{67ibz� 11072 i_��
�)�_�IKM>C;53�i7E�Y�H℄J8f��'�%LGh
i�Cw���iV:O�_�( 9 ��&� 30◦ × 30◦, 256 8f ×256 8f�z��%J8i�
bz�i_��2w4{U�i�g<'��℄S"	4i
4��VL2w4i33H�gM%�l'�x�� i_��tFq℄$_3�i2w����G&h
iV:O�67	A�ILs�si���� 9 �_�i	Avu�
��|�
8(a). U�7.l)J MDI i_��#y4_� HMI i_�_-aY�P-(+YiV:O�-���SiMO�-b_+Y�m�q℄$_�
����MDI7IiO�-�"�

����_uLi 04�MDIi 0_�O�=mQ=4:O����:<E��
s.l�T)�fbi MDI i�,rIjO�M���Yi 0� HMI i 0)4��℄
��O�3�i6_�b�"LGh
�
Cwig��_��fb p fL�,rI���G& p fL�,rI�VLHV:O�
`i33�gM%�
��"i HMI �C�V:O���fi�&MO��I<
Y�*VH�_
`iuL�fb
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 p fL�,rI�j HMI ��MO���i�Y 0�|� 8(b), .l)J MDIi 0� HMI i 0����

���
��� MDI 67i�<
Yi p fL�,rI� HMI i67	A3��

� 8 (a) HMI J MDI X<QBkt�tX��RZ#JRZ#�)� HMI J MDI a!�8xG2&P y=x;

(b) HjÆ89k p hN!.tKkwN!2�
Fig. 8 (a) Point-to-point comparison between the HMI and MDI line-of-sight magnetic field intensity. The

abscissa and ordinate represent the HMI and MDI data, respectively. The solid line represents y=x;

(b) The fitted lines of the p-mode power observed from the two instruments.

5 ��*���℄IxL HMI H MDI i�
Cw67ig��HO���7 4 & HMI bz�H 3 & MDI bz��1�fbO���,rIi3&��℄S"i�
bz�iO�Hg��_�8K�
&h
��^L/�h
67�0/�[8i<'�*��
h
67	A�2ws�s��C+�E'��,FF7aLLn�FF� p fL�,FFH"�FF�Cw�Sn� 1.5 mHziFF�aS._QzF$��℄Ix
&� 1.5 mHz 2 2.0 mHz i Hann N3E_�	Tu�A*iFF��/�S 5.4 mHz M��FG4���'?FG&�,rI��
p fL�,H"��,rI��MO���zV:O���oh
f���O�MO�Hg��i67}_�/E'��℄�^��O�Mi	Am1�℄i	W78�~CV:O���HO�M����,rIis�s� �
.�,rI.l*�O�M���I�<�m/�MO����tF/��,rIb���`sJ�V:O���33iGs	W���V:O���n� p fL�,rInis��BsiQ����/rUV��#&bz�7�*/SV:O�Æ�� p fL�,rI�Æn��<'-.���HOJ)w��Gs	W�)�iW�	A/���℄I)y;L p fL�,rI�MO���i3&�~C�
wMO����Æ



480 | � U � 53 #pi p fL�,rI"7-�fbL p fL�,rIjFMO����Yi 0�HMI

4 &bz�i 0� 500 Gs l*�C���� 500 Gs 2 1 000 Gs p 0)w<'P���`i	A$
�`iMO���� p fL�,rIiv5S
`i��O�	1�3�
℄(eLMO����m.(eO�� p fL�,i#Yb��/C-fCoiS�B	A0�MO��� 500 Gs l*5S2�'�� p fL�,rI"�_S
.	�MO���is�s�1���0K�~Coh p fL�,rI�MO�i0K33Kf(� HMI bz� 11092, �,rI�MO�� 2 000 Gs lpi0K33&_� -73.84%, �H Gosain l [10] 7i -65% i	A3������^z��℄Ixibz��ÆY�oh33CIxi_�IY�If�℄i	A -73.84% � -65% U�}Y�
��,rI"�_S�0K33&_�� -92.32%, {
-�u�*� -92.32%i0K33k��C���0K3&L���P� 3 & HMI ibz� 11084 � 11093 � 11113, 0K33&_�'� -84.35% � -89.18% � -83.96%.�� MDI ibz�	A�℄�`)bL� HMI 3�i	A�0S MDI i 0�
HMI i 04���

L HMI 67i�,rIjO�M��*�fa� MDI i	A4��� MDI H HMI�
Cw��
2wiV:O�Hg��i67	A��S
.�
MDI 67iO�a� HMI 67iO����,rI�H HMI iO��I��C�MDIi pfL�,rI� HMIi pfL�,rI3��~CO�H pfL�,rIi���.l�T MDI i p fL�,rIjO�M���Y 0� HMI i 0)4��℄-�Gh
i67	A<'Sz�/�i�!SH/�iw"�Fi�2�	7�>)��/���wW�Æp�*_M	��i�a	W�

(1) p fL�,rIjFMO���
�Y�MO���Æ"��t p fL�,rIÆn�
(2) ���
h
7Ii/�bz�i<
Y�,rIjO�M���Y� 500 Gslp�T
4�� 500 Gs 2 1 000 Gs �Æp��
4�
(3) p fL�,rIi�_�MO���{P�i0K33K�. SOHO/MDI S
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Relation of the Solar Surface Acoustic Power and
Magnetic Field Intensity

WEN Xiao1,2 LIU Yu1

(1 Yunnan Astronomical Observatory, Chinese Academy of Sciences, Kunming 650011)

(2 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABSTRACT A series of researches have shown that with the increase of the line-of-sight

(LOS) magnetic field intensity, the solar surface acoustic power decreases. We use the

observed HMI (Helioseismic and Magnetic Imager) LOS magnetic field intensity and the

method of the potential field extrapolation to calculate the total magnetic field intensity,

and relate it to the acoustic p-mode power. Using our fitting method, we could get the rela-

tionship between the surface acoustic p-mode power and the total magnetic field intensity.

It is found from our research that the acoustic p-mode power is strongly related to the total

magnetic field intensity. The results of different active regions have shown that the relation-

ship of the normalized p-mode power and the total magnetic field intensity is the same under

500 Gs, and is quite close within the range from 500 Gs to 1000 Gs. Also the logarithm of

the p-mode power and the total magnetic field intensity has a very strong linear correlation.

We compared the results between the HMI and MDI (Michelson Doppler Imager) instru-

ments. It is found that although the magnetic field measurement of MDI is much higher

than that of HMI, the comparison of the relationship between the normalized p-mode power

and magnetic field intensity shows a little difference between the HMI and MDI instruments.

Key words sun: helioseismology, sun: sunspots, sun: surface magnetism


