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Near-infrared high-resolution spectroscopic survey of comets originated in Kuiper-be
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Comets are the remnants of planetesimals formed in the early solar system 4.6 giga

-years ago. Present sources of comets are the Oort cloud and the Kuiper-belt far from the Sun. However, th
e original birth place of the comets are thought to be inner region than those dynamical sources. Comets o
riginated in different sources are formed in different birth areas. Especially, comets originated in the K
uiper-belt played an important role to deliver the pre-biotic molecules into the early Earth. This program
are focused on the organic molecules in Kuiper-belt comets. Based on our survey, organic molecules are de

pleted in the comets originated in Kuiper-belt.
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81P/Wild2
Comet CH,OH®  HCN NH; H,CO CH, CoHe
2P/Encke® 3503 0.09+0.01 <013 <010 032+0.03
6P/d’Arrest’  2.8+0.5 003001 052+0.15 036:0.09 <005 0.28+0.05
9P/Tempel 1°  13+0.2 0.21+0.03 0.8420.14 0.13:0.04 0.35:0.03
10P/Tempel 2°  1.6+02 0.13:0.02 083020 <0.11  <0.07 039+0.04
17P/Holmes®  4.1+0.6 054:0.08 <0.33 034:0.05 1.8+03
21P/G-Z" 1.2£0.1 0.14+0.02

73P/SW3-B' 0.54+0.11 0.28+0.03 <0.16  0.14%0.02 0.03+0.01 0.18+0.02
73P/SW3-C' 049006 022+0.02 <029 011002 <0.03 0.11x0.01
103P/Hartley 2’  2.8+0.3 0.25+0.03 0.80+0.13 0.20:0.04 0.11+0.01 0.71+0.07
81P/Wild 2° 09+02 027+0.03 0.6+0.3 0.22+0.08 0.15£0.05 0.45+0.05
JEC Average' 1.8+04 0.18+0.04 0.50+0.12 0.27+0.10 0.08+0.02 0.35+0.06
OCC Average™ 2.8+02 0243003 0.6+0.3 038+0.08 0.18+0.03 0.73+0.07
“Encke, d’Arrest, Tempel 2, Holmes, and Hartley 2 are optically characterized as carbon-chain
typical, G-Z, SW3 and Wild 2 are characterized as carbon-chain depleted, and Tempel 1 appears
to be on the borderline of typical and depleted (A’Hearn et al. 1995; Schleicher 2007; Fink 2009).
Table entries in red and blue denote depleted or enhanced abundances respectively.
*Where necessary, values for CH;OH are normalized to g-factors based on Villanueva et al.
(2012).
°Averaging results from three nights in Radeva et al. (2013).
4Averaging results from two nights in Dello Russo et al. (2009).
“From post-impact observations on UT July 4, 2005 in Mumma et al. (2005).
From observations on UT July 26, 2010 in Paganini et al. (2012).
Averaging results from two nights in Dello Russo et al. (2008), NH; from Dello Russo et al.
(2009).
"From observations on UT June 3, 2005 in DiSanti et al. (2013).
'Averaging results from two nights in Dello Russo et al. (2007).
'Averaging results from nine dates in Mumma et al. (2011), Dello Russo et al. (2011), and
Kawakita et al. (2013).
“This work.
'Average of all Jupiter-family comets in this table except 17P/Holmes and counting only
73P/SW3 only once using values for fragment B.
™Average values measured at infrared wavelengths in long-period Oort cloud comets. CH;OH (10
comets), HCN (14 comets), NH; (4 comets), H,CO (10 comets), C;H, (13 comets), C;Hs (15
comets). References: Brooke et al. 1996; Mumma et al. 1996; Magee-Sauer et al. 1999; Dello
Russo et al. 2001; Mumma et al. 2001; Mumma et al. 2001b; Dello Russo et al. 2002; DiSanti et
al. 2002; Magee-Sauer et al. 2002; Mumma et al. 2003; DiSanti et al. 2006; Bonev et al. 2008;
Magee-Sauer et al. 2008; Bonev et al. 2009; Dello Russo et al. 2009b; DiSanti et al. 2009;
Kobayashi and Kawakita 2009; Kobayashi et al. 2010; Radeva et al. 2010; Kawakita and Mumma
2011; Villanueva et al. 2011b; Gibb et al. 2012; Paganini et al. 2012b.
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