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NnAaGHEeT COAHEeYHOU CUCTEMDI

Kupunnos A.C.
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MOHOOKCUA Yyraepoada
B atmocdepax nAaHET COAHEYHOU CUCTEMDI

Mapc TuTaH TpUTOH nyToH

Cmech rasos CO,, N,, CO Cwmechb rasos N,, C,H,, CO




CkopocTtu noHmsaumm B atmocepax TutaHa u 3emnu

Galand et al., 2014, Titan: Interior, Surface, Atmosphere and Space Environment, Chap.11,
Baker et al., 2012, EOS, v.93, p.325-326
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XUV solar radiation with a SZA of 91° (thick, solid line);

magnetospheric electrons (thin, solid line);
magnetospheric protons (dashed lines);
magnetospheric oxygen ions (squares);
galactic cosmic rays (circles).

Kirillov, Belakhovsky, 2021, J.Geophys.
Res.: Atmosphere, v.126, €2020JD033177

N,(A’E,*,v=0-6) + O,— N,(X'Z *,v*) + O,(c,A’,A) unn O+0 .

CnnowHble NMHUKM — pe3ynbTaThbl pacyeTa,
wrpuxu — Bknag O,(c, A’, A) obpasoBaHus,
3HaKu — pa3fnnyHble 3KCNepMMeHTanbHble AaHHbIe.
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CBeyeHune MOHOOKCHAQ YrA€pOAQ B aTMOanepe TMTaHa

Lellouch et al., 2003, Icarus, 162, p.125.
Lopez-Valverde et al., 2005, Icarus, 175, p.503.

kcms

They report on the discovery of emissions due to
carbon monoxide from Titan’s atmosphere, from
mid-infrared observations with the ISAAC
spectrometer at the Very Large Telescope (Cerro
Paranal, Chile) and covering the 4.50-4.85 ym range.
They detected about 45 emission lines coinciding RN TR
with CO ro-vibrational lines, including CO(1-0) (P18 o 2z 4 6 8 4
to R11) and CO(2-1) (P11 to R11). s o T

The calculated quenching rate coefficients for
12C0(1), 12C0(2), N,(1), 13CO(1), 13CO(2) MA VI Caiat) oo (X, v20) £ Calg)
Direct s,olar abs;r;tio;l at 4.7 |;m in the'(1—0) N,(A,v=0-10) + N,(X,v=0) — N,(X,v20) + N(A,v’<v)
fundamental band and in the (2—1) first hot band of by Kirillov [Chem. Phys. Lett., 2016, 643, p.131]

both CO isotopes, as well as in the (2-0) overtone using Rosen-Zener approximation.
transitions at 2.3 ym were included in the Model.

Non-LTE Model has included vibrational kinetics of

REVIEWER #1:

The non-LTE model “naturally” provides a
reasonable fit of the (1-0) emissions, but is less
successful in matching the (2—1) emissions, which
are typically underestimated by a factor of ~2.

N,.[“

=Co(2)
SS
\Su_(; -," '?E

‘_‘ ( 4
I =oco(1)

150
0

2 g
e %,/,,74 -
N Grunnd 'CO Ground

The case is not made for
N,(A)-CO collisions to be
important in planetary
studies.

The author could consider
whether the paper "Carbon
monoxide fluorescence
from Titan's atmosphere",
M.A. Lépez-Valverde et al.,
2005, ICARUS, 175, p.503
is appropriate for this.




PaccunTaHHble KonebaTeAbHble HaceAeHHocTH N,(A3L *,v) u CO(asM,v)
HA BbICOTAX BepXxHen atmocdoepbl TUTAHA

Temperature (K)
160

. Kirillov et al., 2017, Chem. Phys. Lett., v.685, p.95
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KOHLUEeHTpauun cornacHo [Lavvas et F ] 10%k o\
al., 2015, ICARUS, 260, p.29]. ) E_*

[CO]=5-10-5:([N,]+[CH,]) cornacHo
[Fabiano et al., 2017, ICARUS, v.293, _
p.119] P ' :

F[CO(a TLv)), em?
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Vibrational levels Vibrational levels Vibrational levels Vibrational levels

e + Ny(X'Z;*) — Ny(A3Z,*,v) + CO(X) — CO(a%M,v) (kpecTunku)
e + Ny(X'Z,%) — N,(B,W,B’,C) — N,(A’%,*,v) + CO(X) — CO(a%M,v) (kpyXKku)
Cymma Bcex NpoLecCOB — CMNIOLWHbIE SIMHUMN.

e + CO(X'z*) —» CO(a®M,v) — wTpuxu




PaccuyuTaHHble KoAebaTeAbHble HaceAeHHocTn CO(asl,v)
HA BbICOTAX BepPXHUX atmocdep TputoHa u lNAyTOHA

Kupunnos, 2020, Actp. Becr., 1.54, c.33
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BbicoTHble npocunu N, n CH, BbicoTHble npocunu N, n CH, TpuToH

KOHLEHTPaLi cornacHo KOHLIEHTPaLuiA cornacHo Fco@mvem 4 FCO@OVLom
[Krasnopolsky and Cruikshank, 1995, [Gladstone et al., 2016, SCIENCE, <k : ‘ "
J. Geophys. Res. - E, v.100, p.21271]. v.351, aad8866]. 3 3

[CO]=6-10-*-([N,]+[CH,]) cornacHo [CO]=6-10-*-([N,]+[CH,]) cornacHo
[Strobel and Zhu, 2017, ICARUS, [Lellouch et al., 2017, ICARUS, v.286,
v.291, p.55] p.289]

10} F 660 km
e + Ny(X'Z,*) — N,(A,B,W,B’,C) — N,(A3Z,*v) + CO(X) — CO(a’M,v) (cnnowHsle nuHum) > 4 6 8

Vibrational levels
e + CO(X'Z*) —» CO(aM,v) — wrpuxm




CO a’[I-X'Z noAochl Kameona
B BepXHeUu atmocdepe Mapca
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Barth et al., 1971
J. Geophys. Res., v.76, p.2213.

Mariner 6 and 7 observations of airglow in the Mars
upper atmosphere in UV region of the spectrum
CO(a%M,v') —» CO(X'Z,v") + hvc.meron
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Bertaux et al., 2005
Nature, v.435, p.790.

The observation of an aurora made by SPICAM
instrument on board the ESA Mars Express mission
CO(aM,v') —» CO(X'Z,v") + hvc.meron




PacyeTbl o6paszosaHmsa CO(aM) B atmocchepe Mapca
Shematovich, Bisikalo, Gerard et al.

Temperature (K)

UL Gerard et al., 2017. 0 w060
O s Icarus, v.288, p.294. \
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Shirai et al., 2001.
Atom. Data Nucl. Data Tables, v.79, p.143.
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KOHCTAQHTbI CKOpPOCTEMU raLleHus
AAs CO(asM,v) + CO, CTOAKHOBEHUMU

Ottinger, Vilesov, Xu, 1995. J. Phys. Chem., v.99, p.15642.
Molecular beam study of the collision-induced
intramolecular energy transfer CO(a3l — a"Z*, d3A).

B

& -10
OHM nokasanu BHYTPUMOIEKYNAPHbLIA NepeHOC 3Heprum 10

BO36Y)KAGH nda npum CTOJNIKHOBEHUAX

CO(a%M) + He, Ne, Ar, Kr, Xe — CO(a"Z*) + He, Ne, Ar, Kr, Xe 1011} ,
CO(a3M) + He, Ne, Ar, Kr, Xe — CO(d3A) + He, Ne, Ar, Kr, Xe -
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Kirillov, 2014. Chem. Phys. Lett., v.592, p.103.
O,(Herzberg states) + CO, — O, + CO,(v,,V,,V;)

intramolecular (VisVyeV3) -
| 1 1 | | | | 1 1

0123 45 6 7 89
PaccmaTprBaeM KBa3npe3oHaHCHbIe NpoLecchl: Vibrational levels

o bl e e g

BHYTPUMOIEKYNAPHbLIA NepeHOC 3Heprum
CO(a%M) + CO, — CO(X'z*) + CO, JkcnepuMeHTanbHble AaHHble
e - 2*10-"1 Taylor and Setser, 1973, J. Chem. Phys.

c Bo30yxaeHuem KkonebdarenbHbix moa CO, - 4.8*10-"" Wauch B rolda o &
CO(a®MN) + CO, — CO(X'Z*) + CO,y(V,,V,,Vs) g aichop;anc brolda; il Sis e i




Cxema TpunAeTHbIX cocTossHun N, u CO

Kalogerakis et al., 2012. Icarus, v.220, p.205.
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CnekTp nany4yeHua TpunneTHbix nonoc CO,
nony4eHHbIX npu cporoamnccoumaumum CO, cmecw,
coaepxauen 6 mTopp CO, B 4 Topp He npu
3Heprum chotoHoB 13.4 3B.

O6nactb mexay 350 u 550 HM He noka3aHa,
NOCKOJIbKY COAEepPXUT TOJIbKO CNeKTPbl BTOPOro
nopsigka nonoc KamepoHa.

UK-obnacTb 3a npegenamu 870 HmM nonyyeHa u3
AaHHbIX Burke et al. (1996).
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KoHoBanoB, CoH, 1987. Xumua nna3msbl, T.14, c.194.
FNopaneu, KoHoBanos, 1991. N'eomar. A3poH., 1.31, ¢.649.

AdpdekTMBHOCTU OOpa3oBaHuA cocTtosiHui N, B Bo3ayxe u YNCTOM a3oTe
€g T Ep
Ew~08*¢g,

Mpeanonaraem, 4to adcpeKTUBHOCTM O6pa3zoBaHus coctosaHun CO npu
Auccounauumn CO, anekTpoHamm

e
€4~08*¢,




MpnbAanxenmne Mopse
AAS pacydeTa doakTopoB PpaHKa-KOHAOHG

1 1 1 | 1 1

1 | 1 1 1
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Vibrational levels of a3 Vibrational levels of a1 Vibratiopal levels of a%l

Kirillov, 2004, Adv. Space Res., v.33. p.998
U(n) = D, {1 - expl- a (r - r,)]}*
wAr)=N,e?2zP2] B(z) , rae z=exp[-a(r-r)], B=1/x,—2v-1, LS - nonuHomsl llareppa
CnekTpocKonuyeckme KOHCTaHThbl r,, W,, WX, cornacHo Huber and Herzberg (1979)

KoadhdmumeHTbl AHWTENHA paccumTaHbl kak A(v',v"') ~ FFC(v',v")*v3, v — yacTtoTa nepexopa




PaccuynTaHHble KoAebaTeAbHble HOCeAeHHOCTH
a3l cocToaHua CO Ha 60, 80, 100 km
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1.CO,+e >0+ CO(a3, a3, d3) +e
CO(a’3, d®) — CO(ad) + hv
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3. Cnyuau 1 m CO(ad) + CO, —» CO(X') + CO,
k=2*10-1" cm3c™! ana Bcex v cocTosiHUA a3

4. Cny4yan 1 n CO(al) + CO, — CO(X') + CO,(v4,V,,V3)
k... ANs BCex v cocTosiHuA a3



BbIBOADI

PaccuuTtaHbl KonebaTesribHble HACeneHHOCTU 3NeKTPOHHO-
BO30OyxaeHHbIX monekyn CO(all,v) B BepxHMX aTtmoccpepax
TutaHa, TpuToHa, lNnyToHa (cmecb N,, C,H,, CO).

Moka3zaHO BNuUsiHMe Heynpyrux MorneKynsipHbIX CTONKHOBEHUMN
N,(A3Z *,v) + CO Ha o6pa3oBaHue CO(a3ll,v).

PaccmMmoTpeHa KnHeTuka TpunneTHbIX cocTtosiHum all, a’st*, d3A

B BepxHeu atmocdepe Mapca (cmecb CO,, N,, CO) BO Bpewms
3NeKTPOHHbIX BbICbIMaHUMN.

[Toka3zaHO BnNusiHUe nany4vartesibHbIX Nepexoaos

CO(a’3z+*,d*A) — CO(aM) + hv

N HeYNPYrux MOMeKyrnapHbIX CTOJIKHOBEHUN

CO(a’l) + CO, —» CO(X'Z*) + CO,(v,,V,,V.

Ha KonebartenbHble HaceneHHocTn CO(a°M,v).
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