Direct Detection of Cosmic Acceleration
by TMT & High Dispersion Spectrograph
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BO4 Members

® PI (HH3RAAERA)
Tomo Usuda (NAOJ TMT-J)

® Col (fAxRD1EH)
Hajime Inaba (AIST) Optical Laser Frequency Comb
Karoru Minoshima (UEC) Optical Laser Frequency Comb
Takeshi Chiba (Nihon U) Direct detection of acceleration
Toru Misawa (Shinshu U) Lyman-a forests IGM, Obs.

@ Collaborator (GEIEfATHE)

Feng-Lei Hong (Yokohama Nat. U) Optical Laser
Frequency Comb

Nobunari Kashikawa (NAOJ) TMT instruments, IGM,

Wako Aoki (NAOJ) TMT instruments, Obs.

Atsuhi Onae (AIST) Optical Fiber Laser Frequency Comb

Sho Ookubo (AIST) Optical Fiber Laser Frequency Comb
@® Others

Malte Shramm (AIST) Optical Fiber Laser Frequency
Comb, Obs,.,
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BO4 Members

@ Optical Frequency combs and their applications

Feng-Lei Hong (Yokohama Nat. U) Optical Laser
Frequency Comb

Emerging age of precision spectroscopy in
e Astronomy using Laser Frequency Combs

Malte Shramm (AIST) Optical Fiber Laser Frequency
Comb, Obs,,
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3 ELT

projects in the world

TMT (Thirty Meter

GMT (Giant Magellan

E-ELT (European-

Project Extremely Large
Telescope) Telescope) Telescope)
M1 30m 22m (8.4mx 7) 39m
Site Hawalii, Mauna Kea | Chile, Las Campanas Chile, Cerro
(4,012m), North (2,550m), South Armazones (3,060m)
Budget 1,580M USD 1,TOOM USD (estimate) | 2,000M USD (estimate)
Constru -~ 2013~2021 ~
ction 2014~2024 with 4 of 7 mirrors) 2014~2025
Japan, USA USA (Carnegie,
Member (Caltech, UC, Arizona, etc.), ESO (including
(AURA)), Canada, Australia, S.Korea, Brasil)
China, India

SaoPaolo)
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TMT on Maunha Kea (cG: 140 sec

You can download the movie
http://tmt.nao.ac.jp/gallery/index.html
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Members’ contributions to TMT
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Providing M1 segment mirrors
® Prototype of M1 was made in 2013

® 99 plano-plano segment blanks by March 2015
@® Mass production is on going
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TMT Science Instruments
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3 pillars of science (theory)
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B04 Objectives

@ 3 Science topics
(1) Direct Detection of Cosmic Acceleration [=FE®D
PR RDIEIFAIE | Chiba
(2) Constraining the spatial & temporal variation of

the fine structure constant Y)IEFEZL (&S TE
. BBF - EFEBZ2LL) OIFEIZ(L(C 9 BHlPE | Chiba

(3) IGM tomography by QSOs & galaxies Misawa

Absorption Lines [iR0fEY)ED 3 IR oiEEDEREA |
Misawa, Kashikawa

@ R&D Plans for TMT High Dispersion Spectrograph

@® Develop Optical Laser Frequency Comb for very

accurate / stable A Calibrations naba, Minoshima, Hong,
Onae, Ookubo, Shramm

® Install the comb on Subaru HDS for on-site tests
to know technical difficulties and establish the
observation strategies for TMT Aoki, Misawa, Kashikawa
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(1) Direct Detection of Cosmic Acceleration

Future Universe? What IS Dark Energy'?
<n|verse after 10yrs !

o Current Unnversﬁe{

@®High S/N and R obs. for ~20 Lya forests over >10 years
@®Direct and model-independent measure of the expansion histor
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(2) Constraining the spatial & temporal
variation of the fine structure constant

® Fine structure constant @ =2’/ hc

® Fell & ZnlIlI lines in QSO absorptions are used for the
constraint (A difference o< a2)

® Constrain in laboratory (yr!) Aa/a=(-1.6+2.3)x107"
@® Unsolved by observations Wi.t.h,\,’,l,-',r, & .'.(gc.k.. -
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(3) IGM tomography
® Limiting mag ~24 with R=10,000
® Number density of galaxies is > QSO (2/arcmin?)

@ Enable to study physical and chemical properties
(e.g, spatial distribution, kinematic pattern,
chemical composition, ionization condition, volume
density, and gas temperature) in d<300 kpc
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Optical Laser Frequency Comb
for very accurate A calibrations

0 *.[:‘"j\* spectrograph See talk by Hong
il

e I l
solar telescope ‘ ‘

Fabry-Pérot | i
laser frequency
comb 1A > m"‘“ E—>
(fep=250MHZ) - - f optical fiber

+ 1
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T. Steinmetz et al., Science 2008
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Optical Laser Frequency Comb
for very accurate A calibrations
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Wavelength (900~2,200 nm) See talk by Hong
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Summary
® TMT on-site construction has started in 2014.
Design and fabrication works are on going in the

parther countries.
® 3 Science Topics:
(1) Direct Detection of Cosmic Acceleration

(2) Constraining the spatial & temporal variation
of the fine structure constant
(3) IGM tomography by QSOs & galaxies
Absorption Lines

® Technical R&D Plans

® Develop Optical Laser Frequency Comb for
very accurate / stable A Calibrations

® Install the comb on Subaru HDS for on-site
tests to know technical difficulties and
establish the observation strategies for TMT



