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Does D/H ratio in Venus atmosphere 
increase with height?

N. Iwagami (U Tokyo), H. Matsui (**) and 
G.L. Hashimoto (Okayama U)
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Abstract
The positive height gradient in the D/H ratio 

found above the Venus clouds is checked by 
examining the low and middle latitudes data of 
SOIR(solar occultation in infrared) spectrometer 
on board Venus Express. It is confirmed that 
such gradient really exists even at low and 
middle latitudes. For the mechanism to produce 
such gradient, fractionations due to differential 
escape and due to differential phase change 
are proposed. 
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Outline
ground-based HDO measurement

 consistency with SOIR/VEX ?
 mechanism for positive D/H gradient?

Final goal: origin and evolution of atmosphere
(D/H)venus is 100   times larger than (D/H)earth
(D/H)mars is 10     times larger than (D/H)earth 

 ancient ocean?

Table 1: Instrumental parameters
----------------------------------------------------------------------
Object : Dayside reflected sunlight
Site height: 4,200 m
Telescope diameter: 3.0 m
Spectral resolution: 36,500 (measured)
Slit width: 0.5′′
Slit length: 30′′
Pixel pitch: 0.2′′
----------------------------------------------------------------------

Table 2: Observation parameters
May 2007 Nov 2007 Aug 2010

--------------------------------------------------------------------------------------------------------
Date (HST*) 25–31** 10–13 2–9
Time (HST, hours) 18–21 05–10 15–18
Venus diameter (′′) 20.5 20.9 21.1
Obliquity (CCW, deg) 7.9 22.8 22.8
Phase angle (deg) 83 81 83
Doppler speed (km s−1) -13.6 +12.7 -14.0
Typical Seeing (′′) 1.0 1.0 1.8 
Venus’ zenith angle (deg) 46–61 45–56 20–35
----------------------------------------------------------------------------------------------------------
*HST (Hawaiian Standard Time) = UT – 10 hours
**No observation on 27 May
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HDO analysis procedure

HDO latitudinal distributions
No significant latitudinal structure

mixing ratio: 0.22±0.03 ppm at 62-67km
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Results and Comparison
HDO mixing ratio: 0.22±0.03 ppm at 62-67km

H2O mixing ratio: 5 ppm at 65km from previous works

8

D/H ratio vertical structure
140 times as Earth’s at 65 km
Supporting positive gradient

But, is it a vertical structure or latitudinal?
 SOIR low latitude data should be checked
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VEx SOIR Observation
• VEx(Venus Express)
• SOIR(Solar Occultation in the Infra-Red)
• by BISA with LATMOS, CNRS, IKI
• ・echelle grating・Spectral range 
• 2.325 m to 4.25 m
• ・Spectral resolution    ~15000
• ・mass of instrument 6.5 kg

(A.C. Vandaele)
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VEx SOIR tangent points
Low and mid-latitude orbits selected

HDO and H2O simultaneously measured
15 morning and 14 evening orbits analyzed
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Height distribution
HDO                             H2O

morning

evening
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Local time dependence
morning evening

H2O HDO

Black:18 h 
Green: 6 h

Black:18 h 
Green: 6 h
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Observation Summary

Ground-based
HDO mixing ratio: 0.22 ppm at 65 km
D/H ratio: 140 times as the Earth at 65 km
No significant latitudinal structure

SOIR
No significant latitudinal structure
No significant LT dependence
D/H ratio increases with height at 70-110 km 
H2O and HDO abundances are very variable

Ground-based and SOIR D/H ratios are consistent 
each other even at low and middle latitudes.
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Why D/H ratio increases with height? 

Fractionation in 3 ways
1. Differential photodissociation
2. Differential escape
3. Differential phase change

(D apt to stay in sol rather than in gas)

Differential 
photodissociation does 
not work well
(Liang and Yung , 2009)
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Differential escape model 
(red) may work, but slow 
diffusion needed.
(Hashimoto in preparation)

Differential phase change 
model may add consistency.
Because exes SO2 has 
been detected at 100km.
But, exes H2SO4 has not 
been detected at 100 km.
(Matsui M thesis 2012)

gas + sol
gas
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Conclusion

Positive gradient in D/H ratio confirmed
even at low and mid-latitudes

But the mechanism still unknown
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