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Fig. 1. Topography around Mons Riimker region, which is
figured out with a white box. The black box indicates the
candidate landing site of CE-5 proposed by reference [10],
and this site is centered at (303.34°E, 40.11°N).
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Fig. 2. Schematic of illumination condition.
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300N39E303SC F1TCO_MAPm04 N42E303N39
E306SC JHEMRFI, Horp B @ AR @ 5 UL
548 R S R P A 553, A 0 0,3 7R D't IR 7 9 4 [
1784k, Bl 3(a) FRBIRFADE H AR W 76, ZRD6HR 5
FEBR, VOGRS o6 Ty 1) H B SE X, T
FOGT7 11 ) ey T b 4 ) B g X SRS
Kl 3(a) AH 6] B9 O B 21, & 3(b) & n T
LOLA HufEA=A] | (1) 2R (10) 20K A A AT eam
J& RlIl(relative intensity of illumination). [¥ 3(b)

B 3  Mons Riimker X3 ROGHRE, XTI H Bk ¢, =
06:30:30 (a) HAX SELENE T & $HEf FRSE IR R (b) A%
SCHBE R 5 P 3 () A T I 20 1 S5 1 B

Fig. 3. Morning map of illumination over Mons Riimker at
the lunar local time ¢, = 06:30:30: (a) Japan’s SELENE
morning map of illumination; (b) our estimated relative in-

tensity of illumination at the same time of Fig. 3(a).
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Fig. 4. Surface temperature distribution with time over Mons Riimker plateau: (a) Time at UTC 2020-10-28T 11:30:00; (b) time at
UTC 2020-10-29T 06:45:00; (c) time at UTC 2020-10-30T 06:45:00; (d) time at UTC 2020-11-02T 04:45:00; (e) time at UTC 2020-

11-12T 02:45:00; (f) time at UTC 2020-11-12T 17:00:00.
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Fig. 5. Subsurface temperature distribution at the depth of 5 cm over Mons Riimker plateau: (a) Time at UTC 2020-10-28T
11:30:00; (b) time at UTC 2020-10-29T 06:45:00; (c) time at UTC 2020-10-30T 06:45:00; (d) time at UTC 2020-11-02T 04:45:00;
(e) time at UTC 2020-11-12T 02:45:00; (f) time at UTC 2020-11-12T 17:00:00.
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Fig. 6. Temperature variation along the longitude direction shown in Fig.1: (a) Time at UTC 2020-10-28T 11:30:00; (b) time at
UTC 2020-10-29T 06:45:00; (c) time at UTC 2020-10-30T 06:45:00; (d) time at UTC 2020-11-02T 04:45:00; (e) time at UTC 2020-
11-12T 02:45:00; (f) time at UTC 2020-11-12T 17:00:00. The black carves in Fig. 6(d) represents the surface topography along the

same blue line direction displayed in Fig. 1.
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Fig. 7. Subsurface temperature variations: (a) Variations for the point of CE-5 candidate landing site; (b) variations for the black

star in Fig. 1.
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Fig. 8. Subsurface temperature variations with depth for the point of black star in Fig. 1: (a) Temperature variations at the lunar

local time ¢, = 06:30:30; (b) temperature variations at the lunar local time ¢, = 12:30:30; (c) temperature variations at the lunar

local time t,, = 18:30:30.
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Table 2.  Temperature (in K) variations with depth for the point of black star in Fig. 1 at various lunar local time.
t, = 06:30:30 t, = 12:30:30 t, = 18:30:30
W  H= H= Q= Q= H= H= Q= Q= H= H= Q= Q=
/
0.02m 0.09m 0.012W-m?20.021 Wm? 0.02m 0.09m 0.012W-m?20.021 Wm? 0.02m 0.09m 0.012 W-m?20.021 W-m?
0 170.0 169.6 169.7 169.7 348.1 351.7 350.9 350.9 122.3 110.7 112.9 112.9
0.0136 158.5 149.4 152.3 152.3 322.5  325.7 324.4 3244 213.6  205.6 207.1 207.1
0.0526 192.4 194.5 194.4 194.4 270.6  261.1 263.2 263.2 260.9  260.7 260.1 260.1
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Abstract

The forthcoming lunar exploration of Chang’e-5 (CE-5) mission will be the first sampling return project of
China. The actual drilling needs the information about real-time illumination and corresponding temperature.
To give a support for the project, in this paper the SPICE software system is first used to calculate the real-
time illumination at the CE-5 candidate landing site Mons Riimker. It is found that our synthetic map of
illumination is consistent with the morning map of illumination provided by the Japan’s SELENE satellite. This
result verifies the rationality of our algorithm and the corresponding code. According to the calculated
illumination and considering a one-dimensional heat conduction model, we study the temperature distribution
over Mons Riimker. It is found that the regolith temperature near the surface is greatly related to the
illumination, but varies a little with the depth increasing. It is also discovered that the regolith temperature
beneath a depth of 0.57 m will not change any more. To give a support for the actual drilling program, it is
recommended to consider the temperature difference between the outside and inside of the regolith, especially
their stresses caused by such a temperature difference. Moreover, considering the drilling depth of CE-5 larger
than 0.57 m, it is likely to measure the heat flow for the constant-temperature layer. We propose that for the
next lunar exploration following CE-5 the measurement of heat flow is considered. This will promote the

research of lunar science.

Keywords: CE-5, Mons Riimker, real-time illumination, temperature distribution

PACS: 96.20.Jz, 96.20.Br, 96.20.Ka DOI: 10.7498/aps.69.20200114

* Project supported by the National Natural Science Foundation of China (Grant No. 41864001) and the Science and
Technology Plan Project of Guizhou Province, China (Grant No. Guizhou Science and Technology Platform Talents
[2018]5769).

1 Corresponding author. E-mail: zzhong@gznu.edu.cn

119601-9


http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1016/j.pss.2019.01.010
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1126/science.1187726
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1002/2017JE005387
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1029/2019JE005955
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/0032-0633(95)00107-7
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1016/j.icarus.2016.06.006
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1006/icar.1994.1105
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1086/170906
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/j.icarus.2014.11.009
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0019-1035(84)90165-9
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1016/0038-092X(83)90046-4
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.1029/JB092iB05p03453
http://doi.org/10.7498/aps.69.20200114
mailto:zzhong@gznu.edu.cn
mailto:zzhong@gznu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

