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Outline
1. Motivation

– Laser comb at AIST, NMIJ

– High dispersion spectrograph at NAOJ, OAO

– Global comb situation

2. Overview of our astro-comb

– I2-stabilized laser

– Source comb

– Visible comb generation

– Mode-filtering cavity

3. Current status

4. Future plans
2



Integration for Innovation 

National Metrology Institute of Japan, National Institute of Advanced Industrial Science and Technology

Laser comb at AIST, NMIJ
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Laser comb at AIST, NMIJ

4
Optical clocks Length standard

Fiber-based laser comb
(Robust, low noise, compact)
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Astro comb
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Optical frequency comb for calibration high-dispersion spectrograph

Steinmetz, et. al., Science 321, 1335 (2008)
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Planet
Shift to low
frequency

Shift to high
frequency

Observer

Star

Recent astrophysics requires precise measurements of Doppler shift of atomic 
absorption lines. The precision of “Horizontal axis” of astronomical spectrograph 
has become important.

Frequency

Time

Application 1：Exoplanets exploration Application 2：Study of Universe acceleration

Novel prize HP
http://www.nobelprize.org/nobel_prizes/physics/laureates/2011/popular.html
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Astro comb

need ~cm/s precision to find earth-type planets need 2~10 cm/s precision to study Universe acceleration
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Collaboration with Okayama Astrophysics Observatory (OAO)
of National Astronomical Observatory of Japan
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2003 First discovery of exoplanet in Japan

From OAO website
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High dispersion spectrograph “HIDES-F (HIgh Dispersion Echelle Spectrograph)” 
settle in Coude’s focus of 188 cm reflecting telescope

(λ/Δλ) ≈ 50,000 (Practically)-120,000 (Max) 

400-700 nm

Resolution

Δν ≈ 12 GHz @ 500 nm

Wavelength

High-dispersion spectrograph at OAO “HIDES-F”
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Spectrum of Th-Ar lamp in the range from 4100Å to 7800Å at a
resolution (λ/Δλ) ~ 100,000 taken simultaneously with the
HIDES mosaic CCD camera.

Red Blue

4100Å7800Å

An Th-Ar lamp spectrum observed by HIDES-F
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1. Precision <10-11 (limited by RF reference), 
which corresponds to 3 mm/s of radial velocity!

2. Equal frequency interval

3. Broad spectrum and modes with high intensities

Red Blue

Laser comb spectrum and advantages
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Difficulty of astro-comb
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1. Very high repetition rate (several tens GHz) is needed to 
calibrate spectrograph with even high resolution.

2. A flat spectrum is needed.

3. It must be robust, portable, and alignment free.

4. Beat frequency measurement based on heterodyne technique 
can NOT be used for spectrograph calibration. Therefore, 
directly reflecting comb’s precision needs other devices.

Very wide!

Flatness is necessary!

Robust? portable?
and alignment free? Can not use 

heterodyne beat!
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Astro-comb of the world
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Target of development
• “Practical astro-comb” has not yet been established on a 

global level. (Especially in short wavelength)

• Domestic comb-maker will be available for users.

• Develop a long-term operational, robust, and short-
wavelength (380-540 nm) astro-comb.

• Develop an astro-comb for HIDES of OAO first, 
subsequently for HDS of SUBARU. Then, towards TMT…

13
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Various approaches of astro-comb
in the optical (visible) region
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Source comb

EOM CW laser

Modulator-based comb
(frep = 10-20 GHz)

Kerr comb
(frep = 10-100 GHz)

µ cavity CW laser

Mode-locked laser
(frep = 100 MHz – 1 GHz)

• Er fiber
• Yb fiber
• Ti:Sapphire

Mode filtering

Wavelength conversion,
Spectral broadening

• Nonlinear Crystal

• PCF
• HNLF

Filtering cavity

frep

n × frep
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EOM 

µ cavity 
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CW laser

Modulator-based comb
(frep = 10-20 GHz)

Kerr comb
(frep = 10-100 GHz)

CW laser

Source comb

Mode-locked laser
(frep = 100 MHz – 1 GHz)

• Er fiber
• Yb fiber
• Ti:Sapphire

Mode filtering

Filtering cavity

frep

n × frep

Wavelength conversion,
Spectral broadening

• Nonlinear Crystal

• PCF
• HNLF

Various approaches of astro-comb
in the optical (visible) region



Integration for Innovation 

National Metrology Institute of Japan, National Institute of Advanced Industrial Science and Technology

Overview of our astro comb

16
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532 nm

SHG

fceo = 0 Hz

Phase lock

To HIDES-F

Reference for cavities

frep = 100 MHz, 1560 nm

frep = 100 MHz, 380-540 nm

f’rep = 40 GHz (frep x 400), 380-540 nm

Reference for
comb & cavities

System overview

17

① I2-stabilized
CW laser

② Source comb

③ Visible comb
generation

④ Mode filtering 
using triple cavity

1063 nm
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532 nm

SHG

fceo = 0 Hz

Phase lock

To HIDES-F

Reference for cavities

frep = 100 MHz, 1560 nm

frep = 100 MHz, 380-540 nm

f’rep = 40 GHz (frep x 400), 380-540 nm

Reference for
comb & cavities

System overview

18

① I2-stabilized
CW laser

② Source comb

③ Visible comb
generation

④ Mode filtering 
using triple cavity

1063 nm

Frequency-stabilized laser

① I2-stabilized
CW laser
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1063 nm
1063 nm CW

DM

DM

532 nm

PBS

EOM

I2 cell

PBS

Lock
circuit

Pump

Probe

YDFA

To detect beat note with comb

PPLN

To cavity system

0th

1st
AOM

Modulation transfer technique

AOM

I2-stabilized 1063 nm CW laser
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I2-stabilized 1063 nm CW laser
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532 nm

To cavity system
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532 nm

SHG

fceo = 0 Hz

Phase lock

To HIDES-F

Reference for cavities

frep = 100 MHz, 1560 nm

frep = 100 MHz, 380-540 nm

f’rep = 40 GHz (frep x 400), 380-540 nm

Reference for
comb & cavities

System overview
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① I2-stabilized
CW laser

② Source comb

③ Visible comb
generation

④ Mode filtering 
using triple cavity

1063 nm

Optical frequency comb
(Source comb)

② Source comb
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Source comb
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EDF

frep = 100 MHz

Pump LD

PZT

Delay

EOM HH QQ

TEC

WDM

f-2f
interferometer

Beat detection with
I2-stabilized laser

fceo

fbeat lock circuit
EOM
PZT
Temperature

fCEO lock circuit
LD current

380-540 nm
visible comb generation

To mode-filtering cavity system

PBS

fbeat

EDFA

EDFA

HNLF

HNLF

Source comb stabilization

24
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532 nm

SHG

fceo = 0 Hz

Phase lock

To HIDES-F

Reference for cavities

frep = 100 MHz, 1560 nm

frep = 100 MHz, 380-540 nm

f’rep = 40 GHz (frep x 400), 380-540 nm

Reference for
comb & cavities

System overview
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① I2-stabilized
CW laser

② Source comb

③ Visible comb
generation

④ Mode filtering 
using triple cavity

1063 nm

Broadband comb generation
in the visible (optical) region

③ Visible comb
generation
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Visible comb generation
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PPLN waveguide
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K. Iwakuni, et. al., Opt. Lett. 41, 3980 (2016)
“Generation of a frequency comb spanning more 
than 3.6 octaves from ultraviolet to mid infrared”
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532 nm

SHG

fceo = 0 Hz

Phase lock

To HIDES-F

Reference for cavities

frep = 100 MHz, 1560 nm

frep = 100 MHz, 380-540 nm

f’rep = 40 GHz (frep x 400), 380-540 nm

Reference for
comb & cavities

System overview
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① I2-stabilized
CW laser

② Source comb

③ Visible comb
generation

④ Mode filtering 
using triple cavity

1063 nm

Optical cavity for mode filtering

④ Mode filtering 
using triple cavity
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Cavity 1 Cavity 2 Cavity 3

frep = 100 MHz frep = 40 GHz

Mode filtering using three optical cavities
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... ...

Source comb

Cavity 1

Filtered comb

... ...

Extract comb modes with an 
integer times of FSR

Mode filtering using three optical cavities

29

Cavity 1 Cavity 2 Cavity 3

frep = 100 MHz frep = 40 GHz
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... ...

Source comb

Cavity 1

Filtered comb

Cavity 2

... ...
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Cavity 1 Cavity 2 Cavity 3

frep = 100 MHz frep = 40 GHz

Mode filtering using three optical cavities

Extract comb modes with an 
integer times of FSR

Extract comb modes with 
another integer times of FSR
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... ...

Source comb

Cavity 1

Cavity 2

Cavity 3

Filtered comb

... ...
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Cavity 1 Cavity 2 Cavity 3

frep = 100 MHz frep = 40 GHz

Mode filtering using three optical cavities

Extract comb modes with an 
integer times of FSR

Extract comb modes with 
another integer times of FSR
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Source 
comb

Cavity 1

Cavity 2

Cavity 3

Filtered
comb

I2 stabilized

ν 532=5640800 × frep

ν 532=564080 × FSR1

ν 532=521774 × FSR2

ν 532=465366 × FSR3

FSR1=(400frep)/40

FSR2=(400frep)/37

FSR3=(400frep)/33

frep = 100 MHz

...

... ...

FSR1~1 GHz

532 nm

...

...

...

...

...

FSR2~1.081 GHz

FSR3~1.212 GHz

40 GHz

...

...

...

1064 nm
SHG
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Actual setting
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Calculation
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Comb

100 MHz

532 nm CW

Filtering: 33
FSR: 1212 MHz
Finesse: 100

Cavity lock

Filtering: 37
FSR: 1081 MHz
Finesse: 100

Cavity lock

Filtering: 40
FSR: 1000 MHz
Finesse: 100

Cavity lock
40 GHz

To spectrometer

PDH
lock

PDH
lock

PDH
lock

λ/2

Stabilization of the three cavities

33
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Cavity system overview
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532 nm CW laser for cavity locking

Comb

To HIDES-F

Comb

CW
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Current status

35
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OAO, NAOJ

188 cm telescope

2015FY~June 2016 Develop an astro-comb system at AIST (collaborating with OAO, YNU, and UEC)
July 4~8, 2016 The astro-comb was transported from AIST and set at OAO
~Present Improve and align the comb

Current status

36

partly supported by
ERATO Minoshima

IOS project
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Cavity Comb

Coudé room (temperature 
controlled for HIDES-F

I2-stabilized
1063 nm CW laser

For stabilization

To HIDES

Electronics

Control room

HIDES-F
is in this room

Cable length
~10 m

Astro-comb system in OAO
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532 nm

SHG

fceo = 0 Hz

Phase lock

To HIDES-F

Reference for cavities

frep = 100 MHz, 1560 nm

frep = 100 MHz, 380-540 nm

f’rep = 40 GHz (frep x 400), 380-540 nm

Reference for
comb & cavities

Summary of current status
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① I2-stabilized
CW laser

② Source comb

③ Visible comb
generation

④ Mode filtering 
using triple cavity

1063 nm

☑OK
☑OK…

☑OK… can improve more

Need to reduce mirror’s dispersion

should start from higher frep

□Under development
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Future plans
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Hardware improvement

Improvement for stationary operation

1. Reduce Group Delay Dispersion 
(GDD) of the cavity mirrors

1. Automatic or Remote control

2. Easy search of optimal points for 
mode-filtering cavity

3. More robust system

Development of the 2nd astro-comb

1. Higher frep of Source comb

2. Improve spatial mode in the short 
wavelength region of the broad comb

Software development

1. Develop a software to analyze 
the Doppler shift data using 
HIDES and the current astro-
comb

2. Comparison with Th-Ar lamp 
and/or iodine absorption
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Thank you for your attention!!

This work is partly supported by

JST, ERATO “MINOSHIMA Intelligent Optical Synthesizer”
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