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Table 1 Parameters’ prior distributions in the Hapke model and the parameters’

upper and lower limits

Parameter Prior distribution Lower bound Upper bound

ω − 0.1 0.5

θ̄ − 0.1 0.6

b Uniform 0.01 0.3

c − −0.4 0.2

h − 0.01 0.15

B0 − 1.0 4.0 2 Q
M|&[)X3$>6&[Vnq
Table 2 Parameters’ prior distributions in the polarization model and the

parameters’ upper and lower limits

Parameter Prior distribution Lower bound Upper bound

p0 Uniform 0.01 0.7

c1 Jeffreys 0.1 0.9

c2 Uniform −0.3 0.8

g0 Uniform 0.1 0.9

4 ��b4l�:Y 1 "F4 Hapke O�3,
�<�.Y�Y}
C�f3,u���f3,u
�<�. (PDF), N�Y�<�F��-<I3,E��.�fW8�.�W�|NG-�.(+i�q�I�$ 3 f Hapke O�3,6$�$}"F4E 3,
}uW 68%z�ud
�x��N�z�ud�<�F Hapke O�3,
�SR�
u;A(+�DS�KL#q�z�ud
�?8 ut�<�f Hapke O�
w�KN�43(?
�`wf}uw�BLpF#Ia℄
}u�f HapkeO�
w�S8�wR Mallama
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Z 1 Hapke P�4-�=Æ/
Fig. 1 The probability distributions of the parameters in the Hapke model
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Table 3 List of the parameters in the Hapke model

Parameter 68% Confidence interval Median 68% Confidence interval

Lower limit(16%) Upper limit(84%)

ω 0.1866 0.1872 0.1878

θ̄ 0.3218 0.3250 0.3280

b 0.1302 0.1314 0.1328

c −0.4000 −0.3989 −0.3981

h 0.0559 0.0577 0.0594

B0 2.3472 2.3684 2.3893

Z 2 1�e80�lx�
Fig. 2 The photometric phase curve of MercuryY 3 "F4^kO�3,
�<�.�C�f3,
yu���f�D3,! yuF}
�<�NY}�<�FE 3,
G-�.~5fpF�.�$ 4f^kO�3,6$�$}"F4E 3,
}uW 68% z�ud
�x���-Y�
^k,�xL 14  �WNY 4 Y�
u6= Dollfus f [13] 
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 Ingersoll `)=f 5 800Å
,��p"��pFY�<"
^kv�
u�
�jmf 8.4◦, � Ingersoll<"
^kv�
u�
�jmZf 9◦, u6�;Z 0.6◦, oY�
#�^;f 0.001 2◦ , KL�gDI�43Y�
u6�X�|�(oNY 4 M�<�F�/�`�� q�xJs=a�N	
aI^k
�Su�%f 7.7% = −0.98%, g�D
�jm�%f 104.4◦= 8.4◦, ��mf 25.4◦. �jm
N 25.4◦ ��^kf�u�Y^k�2�a�N	
aI�SN 25.4◦ �^kfpu�Y^k�2�JsN	
aI�
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Z 3 `mP�4-�=Æ/
Fig. 3 The probability distributions of the parameters in the polarization model

Z 4 �Æ"1�`m�lx�
Fig. 4 The polarization phase curve of resolved Mercury 4 Q
M|&[J 

Table 4 List of the parameters in the polarization model

Parameter 68% Confidence interval Median 68% Confidence interval

Lower limit(16%) Upper limit(84%)

p0 0.0824 0.0840 0.0856

c1 0.3968 0.4782 0.5599

c2 0.0686 0.1140 0.1605

g0 0.4340 0.4447 0.4563
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(

des

dos

)
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�'�
5.2 P	tfTrY 5(a) "F4</�3`�=�f���<u℄��uW HD189733 ℄js
�'
19.3 pc f,6�' dos �D/�ff −26.75 mag �
+�� ^k�jv��NY}pF�<aF	 (1) `+�� q�x`�g.)y/�
^kvf 10−12 
1Z��|N�� �^k
1Zf
 1010; (2) `+�� q�xa�=JsN	
aI
�S^kv�%f −1.64× 10−12 = 1.82× 10−12, �<�F�h�;+S�fU8 ,1Z�}�|N�� q�xa�=JsN	
aI
�S^kv{LpS
;A��;~8 1Z� (3) +�� q�xa�=JsN	
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�Su<|D
�jm�%f 4.7◦ = 62.2◦ , �|N�� q��g<|D
�jm 8.4◦ = 104.4◦ tL{f
��%f
 3.7◦ = 42.2◦; (4) �jmSN 158◦ ��/�
^k\Hf7�R�� q�x^kv:�jm
�j�S�f
LL{
;A�Y 5(b) "F+�� /�`+UD/�f�^k�jv��NY}�<�F�-!v�^k
�SuL<;A�W�v�
�LJnDL������Js=a�N	
aI^k
�Su<|D
�jm�f 62.2◦= 4.7◦, o��m�Af 25.4◦.
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^k,��DI�43	��a℄ Hapke O�3,W^kO�3,�N�a℄+�� /�
^k�jv��N�v�}pF�}�`+�� q�x`�g.)y/�
^kvf 10−12 
1Z��|N�� /�^kv1Zf
 1010; JsN	
aI=a�N	
aI
�S^kv�Xo`�jmSN 158◦ ��g^kv\Hf7�R�� ^k�jv�Q`L{
u%�KN^k��|1��+:�'
�L������BL`+�;�_y|fG�q�x�g^k�jv�DRpF`js�a℄
^k�jv��U�Y$/�u℄��
^k�jv��DRpFa℄
+�� /�
^k�jv��5�KLpF�<aF�|N$/�+�� u℄���KN`�g.)yg^kv
1Z�X
�BL�26℄�)y
^k,�<WDI^kG6$y"�}�$���LU^kG6:j61�v
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G��<�F	`,6�'<W��
Æ�J�8q
q�x��-^k
S
(7�D��fuG��W^k:�jm
�LJn+���?���KL�<S8^kG6"*�+�� u℄���

Z 5 -�Æ"1�`m�lx�� (a) E0�gh −26.75 mag �`m�lx�Æ (b) -VE0�gv`m�lx��nK�����n�>~FeE0�gÆ&h −25.75 mag � −26.75 mag � −27.75 mag.

Fig. 5 The polarization phase curve of unresloved Mercury. (a) The polarization phase curve with solar

magnitude of −26.75 mag; (b) The polarization phase curves with different solar magnitudes of −25.75

mag, −26.75 mag and −27.75 mag, corresponding the dot-dashed, solid and dotted lines, respectively.�-}`&du℄��
	�B����	9���!
6v��
C-X���PO61�f�W�i�	�S�tx IN&du℄��<W"F��|1�3`�eW����f��|N��$IJn
Sa
 S8.d�t�}�"Æu℄���
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Vv�|N^k�KNg��|1�`�,q�x�<+I�;jsSk�.
G��M�<|��)y61�BL`js�DI^kG6*�u℄��
$IJn�|N.d*�#fLÆ�J%�L�N$ju℄��
*��|N$ju℄��`+�� Rix
^kJ��l�pFx80*�
�2W��
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The Polarization Characteristics of Mercury-like
Exoplanets

SUN Jie1,2 QU Zhong-quan1 YAN Xiao-li1

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

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

ABSTRACT This paper aims at studying the polarization characteristics of Mercury-

like exoplanets via the polarization phase curve of the unresolved Mercury. We utilize the

Bayesian non-linear fitting method to get the photometric phase curve and the polariza-

tion phase curve of Mercury. From these two kinds of curves, we obtain the polarization
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phase curve of the unresolved Mercury. The results from the unresolved polarization phase

curve are as follows: first, in the visible light band the magnitude order of the polariza-

tion degree is 10−12; second, its maximum value in the case parallel to the scattering plane

is comparable to that in the case vertical to the scattering plane, and their correspond-

ing phase angles are changed evidently in comparison with the resolved Mercury case; third,

the polarization amplitudes decrease to zero when the phase angle becomes larger than 158◦.

Key words planets and satellites: individual: Mercury, methods: data analysis


