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A laser light source w
ith a com

b-shaped frequency spectrum
 

w
ith m

any evenly spaced em
ission lines

Astro-com
b m

akes it possible to calibrate 
spectrograph w

ith ~
cm

 accuracy

l
Absolutely stable w

avelength standard

l
Can cover a w

ide w
avelength range

l
H

as enough em
ission lines

Spectrum
 of astro-com

b

W
hat is “A

stro-com
b”?

l
Statistical Error

(
                  )

Fourier transform
 a pulse train w

ith equal intervals 
on the tim

e axis
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Astro-com
b : Extrem

ely Accurate ”Ruler of Light"
Kazuma Oguchi, Department of Astronomy, Graduate School of Science, University of Tokyo
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A
pplication to Exoplanet Exploration

Astro-com
b w

ill enable the discovery of Earth-sized exoplanets 
by m

easuring the radial velocity of stars w
ith extrem

e precision

Radial Velocity M
ethod

A m
ethod to m

easure the D
oppler shift of absorption lines 

in a star's atm
osphere and detect changes in the radial 

velocity of a planet-bearing star

ü
D

etecting Earth-sized planets requires 
m

easurem
ents w

ith a precision of ~cm
/s

The am
plitude of the change in the radial velocity of the Sun 

due to the Earth is ~10 cm/s

Radial Velocity D
eterm

ination A
ccuracy

l
System

atic Error
Errors depending on photon yield, 
spectral shape, and the num

ber of 
em

ission lines m
easured

Errors caused by deform
ation of the 

spectrograph due to tem
perature 

changes, expansion of the detector, etc.

ü
W

hen m
easuring radial velocity over a w

ide w
avelength range, 

the influence of system
atic errors in the spectrograph becom

es large

H
ow

 to U
se “A

stro-com
b”?

M
easure the light from

 the star and the light of 
astro-com

b sim
ultaneously w

ith a spectrograph

The light of astro-com
b can be used as an accurate 

"wavelength ruler" to calibrate the spectroscope

Ti:Sapphire A
stro-com

b 

l
O

ne of the m
ajor types of astro-com

b 

l
Titanium

 sapphire crystal is used as the laser m
edium

l
A laser is oscillated in a resonator to create light that becom

es “com
b”

M
ode-locked Laser

l
Inside the resonator, there are various frequencies of light that satisfy 
the resonance conditions

l
The phase betw

een the light of each frequency (called longitudinal m
ode) 

is random
, but fixing the phase relationship betw

een these m
odes is called 

m
ode locking

l
A m

ode-locked laser generates a pulse wave by periodically m
atching the 

phases of the longitudinal m
odes and interfering w

ith each other.
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Sum
 of 2N+1 longitudinal m

odes

Fixing the phase relationship 
between m

ode

Pulse wave is generated

O
ptical Frequency Com

b

A longitudinal m
ode train w

ith equal intervals 
on the frequency axis is obtained

O
riginates from

 the difference betw
een the 

phase velocity and group velocity of the pulse

ü
Frequency of an optical frequency com

b can be 
precisely controlled using only two param

eters

Intensity

Frequency

Conceptual diagram
 of 

radial velocity m
ethod

Coupling exam
ple of astro-com

b and telescope

Conceptual diagram
 of Ti:S astro-com

b
Titanium

 sapphire crystal

Concept of m
ode locking
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Fourier Transform

Schem
atic diagram

 of the spectrum
 of 

optical frequency com
b

Current Problem
s of A

stro-com
b

First A
stro-com

b 

l
First use of an astro-com

b as a calibration light 
source for an observatory spectrograph

l
Erbium

 fiber optical frequency com
b w

as used

l
Calibration of the spectrograph (resolution 0.8H

z) 
of the Vacuum

 Tow
er Telescope in G

erm
any 

around 1560nm

l
The calibration accuracy using 60 em

ission lines 
w

as 9 m
/s

ü
This study show

s that astro-com
b can be used to calibrate 

spectrograph w
ith greater precision than conventional m

ethods

1. Bandwidth is not wide enough
Ø

W
hen using astro-com

b, external resonator is required to thin out 
the com

b light according to the resolution of the spectrograph
Ø

Bandw
idth of astro-com

b is lim
ited by the perform

ance of external resonator.

D
evelopm

ent of an astro-com
b that does not require an external resonator 

is underw
ay

2. Difficult to operate stably for a long period of tim
e

Ø
The repetition rate and offset frequency m

ust be kept stably locked 
in a long period of tim

e
Ø

The effects of external environm
ental fluctuations such as 

tem
perature and air pressure also need to be controlled

Efforts are being m
ade to rem

otely control !"#$  and !% , autom
ate the 

alignm
ent of the optical system

, etc.

O
bservation Exam

ple U
sing A

stro-com
b 

l
IRD

-SSP survey m
easured the radial velocity of 

the M
-type star Ross 508 using the astr0-com

b

l
Precise m

easurem
ents of the radial velocity of Ross 508 

lead to the discovery of the super-Earth Ross 508 b

l
By sim

ultaneously acquiring the light from
 the star and 

astro-com
b, the deform

ation of the spectral absorption 
contour caused by the instrum

ent w
as estim

ated w
ith 

high precision, and the D
oppler shift of the stellar 

spectrum
 w

as precisely m
easured.

IRD
-SSP Survey

RV of Ross 508


