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Timeline of T60 installati

2011.11 UH/IFA and Tohoku agreed the relocation of T60

O

N

!
2012 2013 2014
d056 T8y Ry P Y4678 Y Ry p2 3456071819
Dome i
" | .
h.l"h[.i"g Spec. examination | invi- i
bidding tatoin oL
(Kyoei)
Telescop Bid B
e hidding Specification examination invi- !
(Mitaka) tatoin fpen
CDUA* Preparati Ap!]lic Under review Detai!ed Accep
on | ation planning | ~tance
* K
DLNR
Summit : itlilig Dome Telescope
reinforcement, : : :
Work construction | installation
pedestal

*CDUA: Conservation District Use Application
**DLNR: Department of Land and Natural Resources




Purpose of Tohoku Univ. 60cm (T60)

* Flexible - Conjugated operatrons with
Iarge telescopes & space mrssrons

. Contrnuous monrtorrng Temporal varrabrlrtres In drurnal seasonal
solar cycle .

. Unrquemstrument—rncludlng Infrared and vrsrble
- high- resolutlon spectroscopy

| [Frrst |nstrument]
Mid-Infrared LAser Heterodyne Instrument (MILAHI) )\ld)\ o~ 106 4
Visible coronagraph filter i |mager S

[Future plan]
Visible Echelle spectrometer A/dA ~ 50000
Near-Infrared (1-5um) Echelle spectrometer (ESPRIT) A/ldA ~ 20000




Requirements to detect faint emissions

We have operated our 40-cm telescope at Haleakala since 2006.
Solid small body objects are not quiet like;

- Jupiter’s satellite lo torus (S+, Na, etc)

- Saturn’s satellite Enceladus torus (O)

- Mercury’s sodium tail (co. Kameda et al.)

* To obtain 1 dataset of Saturn’s
Oxygen emission from Earth's atmosphere(6300.3044)
4Rs

Enceladus emission, we need integration
time for a few days.

* To understand the time variation and :
satellite-phase angle dependence, ‘m ot 1
we need larger aperture and fast optics. o Distanca[e]

0630nm

Intensity[R]

-4 - 0 5 4
Distance[Rz]




Requirement to understand time variations

Proposal measurements of Jupiter’s
infrared aurora since 2007 using IRTF

Solar wind dynamic pressure
1 1 | 1

f

(®3m) and SUBARU (®8.2m). 1.0F T

o' 0.8 —
However, it is difficult to understand the = 06 =
solar wind response to Jupiter’s aurora v [
from the data for a few nights a year. § 0.4

L C

) ) . o020
It is essential to carry out continuous -
. . se (0,0
measurement to understand time vaiation
and causal relationship in planetary Aug20
45 15.7
atmospheres. ]
‘!1 O:t;j
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Jupiter’s infrared aurora at 3.9 um
away in red, toward in blue
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Atmospheric Escape process from Mars

lon pick up by solar wind

Feasible to detect emissions of resonant scattering Computer simulatoin
by escaping 02+(561r 0+(289nm), N2+(391nm)

Possible mechanisms
- K-H instability

- Alfven wave

- Magnetic reconnection

- Turbulent plasma process

201 2/02/07 Mars Camera Brainstorming 10



Why do we need high-resolution spectroscopy to
measure planetary atmospheres?

* Detection of emission/absorption (including non-LTE) of planetary
atmosphere and satellite, distinguishing from emission/absorption of
terrestrial gasses and strong background continuum,

e Detection of tracer gases, such as Martian Methane and H20/HDO,
for dynamics and chemical processes,

e Measurement of Doppler velocity and number density as well as
height-profile of gasses.



Night View of Tohoku Univ. 60cm (T60)
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Figure 2-1. AMOS Weather Observations, 5-yr
Average




IR Heterodyne instrument on T60 (Sep. 2014) (credit ohkusal
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IR heterodyne Principle

Rron = €5(T ) €F + Ryy IR flux from the planet through its
atmosphere ...

.. Is combined with IR from local (laser) and
focused on Photomixer.

Lyee = Ipc+ L= Pg+ P + ZX/PSPLCOS(ZT[ Yirt- @)

Output is in Radio region (Bandwidth: ~2 GHz) of
the electromagnetic spectrum.

Iyee = Rypy R



Advantage of IR heterodyne

Sensitive detection of minor trace gases

Wind and temperature (10 m/s & 10K accuracy)

Mapping with vertical profiles (3D structure)

Many organic molecules

Small-sized PFSIMEX e

(good for space-, TEXES
balloon- applications)

NIRTF(100, nua) serra,

.
-. Ij IRHeteri
| |
‘

IRCS!Subaru csHﬁ!fRIF- us®

CRI RES/VLT(100,000)
NIRSPEC/Keck Il {40 000)
SOIRNEX FTSJ’CFHTUBU 000)
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Data at Laboratory with Sun light (ATRC, Univ. Hawan)
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Observed terrestrial 03 at Laboratory in coelostat sunlight at 1043.864 cm-?
(1GHz bandwidth, 1IMHz res., 10min integration time on Mar. 2014)




Reduced sunlight is led into the instrument.
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Observed terrestrial CO, spectrum with T60 at 970.532 cm-1
(1GHz bandwidth, 2MHz res., 5min integration time on 3 Sep. 2014)




First detection of Mars non-LTE emission with T60 !

(ref) Previous study
[Sonn

Mars 11/11 CO2 R(12) 970.54cm-1
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Fig. Mars CO2 non-LTE emission spectrum obtained by IR atmnsphere ,r:
heterodyne instrument onboard T60 on 11 November 2014.
Integration time is 10min. FOV is located at the center of Martian
disk.

abend et al., 2006].

mesospheric CC
non-LTE emissi

Observed Martian CO2 spectrum by T60 at 970.532 cm (2MHz res.)

on 14 Nov. 2014



Heterodyne Target: with A/dA>1,500,000
Isotope map, HDO/H20 (Villanueva+, 2008) IRTF/HIPWAC (Fast+, 2009)
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Fig. Comparison between the instrumental FOV of Tohoku 60cm-telescope and targets.
Resolved disk image can be obtained to investigate global distributions of physical parameters.



Optical Layout and an Occult

Entrance pupil
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. Optical layout of new monochromatic imager attache((i5
n Tohoku 60cm telescope at Haleakala



High-dynamic range observation 2

Tab. 1 Brightness of targets and contamination sources

Targets Separation from | Brightness of Brightness of Brightness
bright objects targets bright objects ratio (obj/tar)
Jupiter plasma torus 50-100" 500 R 50MR/nm 1075
Enceladus torus 5" from Rings 5R 20 MR/nm (Ring) >10"6
15” from disk 15 MR/nm (Disk)
Escaping spices 10-100" 1-100 R >500/nm MR >10"6
from Venus

latahanderd 20141210 jp1 1167 31
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G0

iy
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\

a00
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Jupiter

=0 700 V=

SO0a 550 &00
Count/ 2-sec

Fig2. Contamination by Jupiter disk continuum
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Improving Signal/Noise Ratio

r (where S>>BQ)
s [ =+S

\/S 4 Bg 4 (where S<<BgQ)

s is number of signal photon, L = S /1/ Bg

Bg is number of background photon

Signal Noise Ratio, S /N =

Under the terms of S << Bg,

reducing Bg mainly improves S/N.

S+Bg

Target + Background A new monochromatic imager

Background (contamination) has been developed for
Tohoku 60-cm telescope (T60)

at Haleakala observatory

Brightness [photon]

> Target

Separation from bright object [arcsec]



What does make “Background Contamination”?

Scattering and Diffraction mainly cause background contamination.

For reducing scattered light, we put a mask on the first focal plane which
occults or reduces light from bright main body. The mask decreases
scattering by optics after the mask.

For reducing diffraction, we put a pupil mask called “Lyot stop”. ...






Reducing diffraction using Lyot stop

Entrance pupil image  secondary support structure (spider)
produces cross-shaped diffraction pattern
which is the most critical for detecting fain
emission spreading around the bright body.

ﬂFT

Before / after occulting mask Before / after Lyot stop Final image at CCD

p3, final fecual plane

p, focal plone, before accultatian p2, focal plane, after occultoti

A
pia————— i —
_—‘———____ _I_'l o

Image plane pupil plane Image plar

Fig. Model calculation of diffraction pattern using Lyot stop 10
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S

ummary

MILAHI, a new infrared heterodyne instrument with A/dA ~ 1057 finally
started its initial run attached to Haleakala T60.

Feasibil_itP/ on T60 was demonstrated by solar observations
(terrestrial and solar atmospheres).

- We are going to Martian observations in Nov 2014 and March-September

2015 for the monitor of lower atmosphere just below MAVEN observations.

A new monochromatic imager with an Occulting mask and a Lyot
stop was been developed for Tohoku 60cm telescope (T60).

The imager successfully decreases diffraction from bright main body by
factor of 2-3 for axisymmetric background contamination as well as by
order of 1 for cross-shaped background contamination.

Long-term monitoring of faint emissions close to the planets, e.g.
Jupiter plasma torus, Enceladus torus, will be achieved using this high-
dynamic imaging capability with high-spectral resolution.
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