
1 2 3

1 2 3JAXA/  
1

2

87第六回 月と火星の縦孔・地下空洞探査研究会後刷集

This document is provided by JAXA.



3

1960-1976

4

88 宇宙航空研究開発機構特別資料　JAXA-SP-23-010

This document is provided by JAXA.



5

6

89第六回 月と火星の縦孔・地下空洞探査研究会後刷集

This document is provided by JAXA.



1.

2.

3.

4.

5.
7

1975 1995

8

1

90 宇宙航空研究開発機構特別資料　JAXA-SP-23-010

This document is provided by JAXA.



1994 4 BABAKIN CENTER, MOSCOW

9

1994 8 9 Trieste, Italy
3rd Trieste Conference on Chemical 
Evolution

:
Return-To-Mars-Together
(C. Ponnamperuma )

1994 12
C. PONNAMPERUMA

1995 9
4th Trieste Conference on 
Chemical Evolution 
(C. Ponnamperuma Memorial)

Return-To-Mars-
Togethere

91第六回 月と火星の縦孔・地下空洞探査研究会後刷集

This document is provided by JAXA.



11

“FOLLOW THE WATER” TO “FOLLOW THE CARBON”

12

92 宇宙航空研究開発機構特別資料　JAXA-SP-23-010

This document is provided by JAXA.



13

CO2, N2
(1980

14

CO2, N2
(1980

Miller (1953)

CH4
NH3
H2

H2O

Cosmic rays Bolide impacts

93第六回 月と火星の縦孔・地下空洞探査研究会後刷集

This document is provided by JAXA.



/
(SEPS)

15

(Maehara+, 2012)

5
(Airapetian+, 2019) 

Image by NASA

Airapetian+, 2016

Solar Particle Event
(SPE)

(Aug 1972 )

GCRs 

CO2, CO, N2, H2O

Gly

Asp
Ser - ABA

- Ala

CO %
1000
100

time / min

Fl
uo

re
sc

en
ce

 (a
rb

itr
. u

ni
ts

)

94 宇宙航空研究開発機構特別資料　JAXA-SP-23-010

This document is provided by JAXA.



( )

(IOM)

17
© NASA 

© NASA

18

©JAXA, 

95第六回 月と火星の縦孔・地下空洞探査研究会後刷集

This document is provided by JAXA.



0.5 m 

191

0.5 m 

0.1 m

20

96 宇宙航空研究開発機構特別資料　JAXA-SP-23-010

This document is provided by JAXA.



21
*Kebukawa+, Sci. Adv. 2017
Kebukawa+, ACS Cent. Sci. 2022

22

(Chyba & Sagan, 1992)

IDP

Comets

Meteorites

97第六回 月と火星の縦孔・地下空洞探査研究会後刷集

This document is provided by JAXA.



23

(0.01 g cm-3)

ExHAM

NH2-CHR2-COOH + NH2-CHR2-COOH

NH2-CHR2-CONH-CHR2-COOH + H2O
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Blue: Conventional pathway
Green: New pathway proposed 
by Powner et al.:
M. W. Powner, B. Gerland, J. D. 
Sutherland, Nature, 459, 239-
242 (2009)

Still high concentration of starting materials and 
purication of intermediates are necessary!

CO + NH3 + H2O

CO, CH2, OH, NH, CH=CH, …

..-CH2-NH-CH=C(OH)-CO-NH-CH2-CO-NH-…

NH2-CH2-COOH

CO-NH-CH=CH-CO-NH   
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OBJECTIVES:
1. MICROBE CAPTURE
2. MICROBE EXPOSURE 
3. CAPTURE AND ANALYSIS OF IDPS
4. EXPOSURE OF ORGANICS
5. DEVELOPMENT OF NEW AEROGEL
6. MONITORING OF SPACE DEBRIS  
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