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新学術領域「なぜ宇宙は加速するのか？- 徹底的究明と将来への挑戦-」（February 2018）

Direct Detection of Cosmic Acceleration 
by TMT & High Dispersion Spectrograph

次世代超大型光学赤外線望遠鏡TMTと
高分散分光器による宇宙の加速膨張の直接検証

B04 Overview &
Current Status of TMT
Tomo Usuda (TMT-J Director, NAOJ)
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Dr. Atsushi Onae, Chief Senior Researcher of AIST, passed 
away on June 12, 2017. He was 59 years old.

Dr. Atushi Onae

http://hong-lab.ynu.ac.jp/AtsushiOnae.html
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T.ChibaT.Chiba, Misawa Misawa, Kashikawa
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A03 & B04 collaborations
by T. Chiba

We put the constraints on 

the scalar-tensor gravity 

theory by analyzing the 

CMB data power by 

Planck and BAO data. We 

find that the variation of 

the gravitational constant 

between the recombination 

epoch and today is less 

than 0.19%.

(J. Ooba, K. Ichiki, T. Chiba, N. 

Sugiyama, Prog.Theor.Exp.Phys., 

2017, 043E03 (2017))



6/20

新学術領域「なぜ宇宙は加速するのか？- 徹底的究明と将来への挑戦-」（February 2018）A0x & B04 collaborations
by T. Chiba

Motivated by the recent 
numerical study of the critical 
behavior in the collapse of a 
rotating radiation fluid, the spin 
distribution of primordial black 
holes is derived, finding that 
PBH are mostly slowly rotating.

(T.Chiba and S.Yokoyama, 
Prog.Theor.Exp.Phys., 2017, 083E01 
(2017))



7/20

新学術領域「なぜ宇宙は加速するのか？- 徹底的究明と将来への挑戦-」（February 2018）

!�&"�1LEJ#QHML
�#P#IH� 39MQM�

!�
"�EJRDLQ����PQORBQ�
�#I#G#PGH� �MGMIR�

!�("�-#OI�.LDO)9
�R)H9#K#� �#)M9#�

!��&"�
,���NMJ#OH:�
0#:RKH�
 3.3�

!��
"
�RA#OR�)#J#U9
HK#)HL)
�H9#:#IH ��2�

!��("
)#J#U9�
PNDBQOMPBMN9
�#I#C# 31�� �

CHODBQ�DSHCDLBD

4DLPHL)�<�� ��

NOHKMOC����

,���JDLPHL)
HPMBROS�

TD#I�JDLPHL)

HPMBROS�
-��HL�C�NG�)#JP�

LML�PQC��-�

BMPKM��N#O#KP
,���JDLPHL)

TD#I�JDLPHL)
��D��

������-

,�����������
�3���
�����
�	)���
��
	���

����������(��	
�	
���)
��� 
��

��
��

��
	)


�
��

4

��
���

��
 

 
���.-�BMRNJHL)�
 α� PN#BD�QHKD�
S#OH#QHML

 (��49K#L�;�
EMODPQP 1��

 &��-HODBQ�CDQDBQHML
ME�,MPKHB�
BBDJDO#QHML

!��)"
���
 PRC#� ��2�

B04 Objectives

T.ChibaT.Chiba, Misawa Misawa, Kashikawa



8/20

新学術領域「なぜ宇宙は加速するのか？- 徹底的究明と将来への挑戦-」（February 2018）

Balbi et al. (2007)

Velocity shift over   
a period of ~30 yrs 
is only Δv ~20cm/s 

at z ~4.

CCF & CCCD Analysis for the 
AGN Outflow by Misawa

Lyα forest is the most promising candidate for measuring small 
wavelength shift due to the cosmic expansion, because they 
are in shallow potential following the cosmic flow.

Cross correlation function (CCF) & Cross correlation centroid 
distribution (CCCD) analysis (Grier et al. 2016) can be useful for 
the Δv measurement.
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CCF & CCCD Analysis for the 
AGN Outflow by Misawa

We discovered a hint of acceleration of absorbers at the AGN 
outflow compared to the IGM, using spectra in two epochs 
with Δvobs > 10 yrs.
absorption lines in 
quasar spectrum

1. Classify them into 
AGN outflow 
(accelerated) and 
IGM (stable).

2. Compare “narrow” 
absorption lines in 
two epochs.

3. Measure the centroid of 
CCF 10,000 times using 
artificial spectra (CCCD).

4. Compare CCCDs of 
AGN outflow and IGM 
(Misawa et al. in prep.).

Δv

AGNoutflow

IGM
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Optical Laser Frequency Comb is a key component.
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Optical Laser Frequency Comb
for very accurate λ calibrations

See talk by Okubo & Kambe

Design & test works are on going @AIST using Yb

(Ytterbium)-fiber-based astro-comb around λ~530nm to 

calibrate a high dispersion spectrograph for radial-velocity 

measurements. AIST developed Er-fiber astro-comb for 

HIDES spectrograph at Okayama Astrophysical Observatory.

(left) Computer simulated Astro-comb Spectrum at 470~532 nm

(middle) Enlarged view @503.6nm

430nm 532nmWavelength Wavelength 503.75nm

0.1nm
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Current Status of TMT
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CDUP Approved (Sep. 28th)
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新学術領域「なぜ宇宙は加速するのか？- 徹底的究明と将来への挑戦-」（February 2018）Status of the CDUP
Reapproval for TMT

Dec 2 2015: The Supreme Court of Hawaii decision on CDUP issued.
Feb 2016: The Third Circuit Court further remands the permit application 
to the Board of Land and Natural Resources (BLNR) in Hawaii, and as a 
result, the contested case hearing process is reopened by BLNR.
May 2016: Hearing Officer to preside over the BLNR hearing is selected 
and actual preparations for the hearing is initiated.
Prehearing conferences (May 16, June 17, Aug 5, 12, & 29) & Oct. 3
Sep 26 2016: Site Visit
Testimony concluded in the Contested Case Hearing (Oct 20 to March 2, 
total 44 days)
July 27: very Positive Recommendation from the Hearing Officer (Ms. Riki
M. Amano)
Sep 28: Decision by BLNR à Approved!
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CDUP for TMT
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新学術領域「なぜ宇宙は加速するのか？- 徹底的究明と将来への挑戦-」（February 2018）1) Status of the CDUP
Reapproval for TMT

Dec 2 2015: The Supreme Court of Hawaii decision on CDUP issued.
Feb 2016: The Third Circuit Court further remands the permit application 
to the Board of Land and Natural Resources (BLNR) in Hawaii, and as a 
result, the contested case hearing process is reopened by BLNR.
May 2016: Hearing Officer to preside over the BLNR hearing is selected 
and actual preparations for the hearing is initiated.
Prehearing conferences (May 16, June 17, Aug 5, 12, & 29) & Oct. 3
Sep 26 2016: Site Visit
Testimony concluded in the Contested Case Hearing (Oct 20 to March 2, 
total 44 days)
July 27: very Positive Recommendation from the Hearing Officer (Ms. Riki
M. Amano)
Sep 28: Decision by BLNR
Oct 17: Appeal to Hawaii Supreme Court à may take ~1 year
Onsite construction expected to resume in 6 months following CDUP 
approval. Preparation to resume onsite construction from April 2018
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TMT 5th Science Forum

Infosys, Mysore

TMT 5th annual Science Forum was held in Nov 7~9, 2017 @ 

Infosys campus (Mysore, India)

2nd Generation Science instruments’ concepts were discussed.

à Call for TMT Instrumentation White Papers (Mar 21st)

https://www.youtube.com/watch?v=DQ5Zn8WFavE
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TMT 5th Science Forum
5 splinter sessions:

(1) High resolution spectroscopy (photo)
(2) Near-IR multi-object spectroscopy
(3) Thermal IR (MIR) instrumentation (partially joint w/ High Contrast)
(4) High contrast / ex-AO instrumentation (partially joint w/ MIR)
(5) Broad spectral coverage spectrophotometry/polarimetry 

(e.g., for time domain follow-up)
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Science WS for DM & DE

https://conferences.pa.ucla.edu/dark-universe/index.html
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Summary
Developing Optical Laser Frequency Comb is going 
well at AIST.
Feasibility study for future scientific observations is 
also on going.

TMT status:

CDUP re-approved in September 28
Onsite construction expected to resume in April 2018

5th TMT Science Forum @India in Nov 7~9 
Call for White Paper 2nd Generation Science 
Instrumentation White Paper (due March 21st )


