JSPS BMTEER 7' 7T b INU A BMEGHERGFE L E LTERE T T X~ « RRWFFELH)
D EEEETRAL ) 125D < WFFERR
Summary of JSPS program on international collaboration for planetary plasma and

atmospheric dynamics research based on Hawaiian planetary telescopes
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T. Sakanoi, M. Kagitani, H. Nakagawa, N. Terada, T. Kuroda, Y. Kasaba, T. Obara, H.

Misawa, F. Tsuchiya (Graduate school of Science, Tohoku University)

<Background> Understanding a variety of planetary atmosphere and plasma
environments is important not only to clarify their own phenomena but also to examine
universal planetary atmospheric environment in the past, present and the future.
<Aim> In this study, we carry out the observation and modeling studies as international
collaborations to promote four younger scientists responsible for the next generation
planetary study with world class field-of-view and capability.

<Promotion of young scientists> Associate professors Masato Kagitani and Hiromu
Nakagawa stayed at Institute for Astronomy, Maui, Hawaii University for more than 1
year in total, and carried out the construction of 60-cm telescope facility at the Haleakala
summit, installed the instruments on the telescope and obtained the spectroscopic data
of Jupiter, Saturn, Venus and Mars. Assistant professor Terada Naoki stayed at
Laboratoire Atmosphéres, Milieux, Observations Spatialesand (LAMOS) and an
associate professor Takeshi Kuroda stayed at Max Plank Institute for Solar System
Research (MPS) for the period more than 1 year in total, respectively, to develop a cross
scale coupling model from the bottom to upper atmospheres in the planetary system.
<Result and Summary> We manufactured our own 60cm telescope facility at Haleakala
summit, one of the best place in the world for astronomy, and started unique monitoring
observations of planetary atmospheres, such as Jupiter and its satellite Io, Saturn,
Venus and Mars, using high-resolution spectrometers. In addition, we succeeded to
develop high-resolution and accurate cross-scale coupling models for planetary
atmospheres. We are now having roles on international big projects, such as PLANETS,
TAO, TMT projects and the future spacecraft missions like Juno, JUICE, MAVEN etc.
This work is supported by the JSPS program: Promotion of the strategic research
program for overseas assignment of young scientists and international collaborations
“Intensification of international collaborations for planetary plasma and atmospheric

dynamics research based on the Hawaiian planetary telescopes.”



JSPSEERNTEIR TR 5 L =
INJAREFAEREEHELIRETSXT-
AEARLEEOEEFEERIE ICEOHHERR

Summary of JSPS program on international collaboration
for planetary plasma and atmospheric dynamics research
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The retrieval of wind velocity and temperature

+Doppler width (temperature) «*Doppler effect of light (wind velocity)

o= (2l )’ s,

mez Vebs = Ty (V/o)

Tyin: kinetic temperature Vobs: frequency of observed line
m: molecular mass V: wind velocity
ke: Boltzmann constant c: velocity of light

a,: Doppler width
vy: frequency of CO, (0 km/s)
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Hot Jupiter: period=2.2d, a = 0.03AU, R~1.5R; [star: 7.7mag(V), KO/M4]
BE#RIRI:E =10 order
B,V,RE&E [XLambert-Rayleigh A R ELELE T ILEB S

- Rayleigh#RELH K ELH ?

Hot Jupiter:
55 Cnc,

tau Boo,
HD179949,
HD167771,
HD139641

S.V.Berdyugina (2010)

RIEDHER
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* upsilon And: 3 hot Jupiters (4.1 mag)

* tau Boo: hot Jupiter (4.5 mag)
[other candidates Wasp-3b (10.6mag), ...]
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1~2x10° (1E5REED{E)
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FR®E3: Development of planetary magnetosphere-
ionosphere-thermosphere models

i = 10 min

. " 300 51
.:~’: - g Dayside m.agnetlc B g;g
reconnection, multi- 2150 o

species MHD based onanew  ® o 109 200 aoo a00 510
4% order central scheme (with )
¢ H.Sakamoto)

Thermospheric
heating by sputtering,
full-particle DSMC (with Ka
Terada)

Gravity wave
propagation, full-
particle DSMC (with
Ka. Terada)

= lonospheric flow, multi-fluid
Global model, multi-species MHD based on ~ MHD based on a new central scheme
a3 order TVD scheme (N. Terada) {with K. Koyama, STEL)

5 |

K-H instability at ionopause,

m mulispecies (to be FLR) MHD based

on a new 4% order central scheme LM oE MR E

P ey

= (with S. Aizawa) y -

l/ lonospheric potential, poisson eq.
= solver for M-I coupling (with Ko. Terada)

What is the gravity waves (GWs) ?

Small scale (wavelength of less than ~2000km),
short period (less than ~1 day)

* Restoring force is a buoyancy.

* Atmosphere of Mars is
mostly convectively stable
(as on Earth) to support
gravity wave existence.

 Possible sources are
the topography,
convection, dynamical
instability of the flow,
etc.

* Waves break in upper
atmosphere and affect
the atmospheric fields.

Generation of GWs on Mars

Wind divergence (shade) and geopotential height (contour)

« Zonal/meridional momentum fluxes propagate in principle
to lag the flow, but the direction can change with
dissipation/filtering of specific harmonics.

* GWs penetrate higher in the winter hemisphere, because of

leved
asymmetry of sources in lower and some other possibilities = | absoepton

(propagation in horizontal direction is not clear...)




Vertical propagation ax:—gm-iw-li@m> = e ~ 2 =1 Gy

dy

Momentum flux and energy

[,

{e} =1 /aedlaTS)/ax ont T
sEp

[ —

* The acceleration rates simulated in this model are comparable to those
obtained from a GW drag parameterization
[Yigit et al., 2008; Medvedev et al., 2011a, 2011b].

* Clear relation is seen between wave dissipation
and wind acceleration (~10Pa around equator).

GW drag parameterization
[Medvedev et al., 2011b]

* Effects of horizontal propagation on the acceleration are U W
much smaller than those of vertical propagation. Fi

Horizontal distribution of wave fluxes on Mars

* Inlow latitudes, sources
are extremely localized
both in space and time.
(especially clear shapes
along with the moun-tains
are seen, even at much-
smoother 0.1Pa)

Momentum fluxes and
acceleration rate at 260 and 0.1 Pa

a) Tw', T at 260 Pa (&) ¥w, ¥ al_ 260 Pa

* In northern mid-and high-
latitudes, the distribution
G | of the zonal flux is
(012 adloTR) ez, T ot significantly smoother.
(associated with the
winter westerly jet, Kelvin
waves)

* Ahigh degree of
horizontal inhomo-geneity

7 - 7 =
Lengitude Lengitude
——— | S—

BRI NN RS RURRNER WM. isseenin the acceleration
Note that these plots represent 20- rates of upper
atmosphere.
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