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Goal of science ?

= To answer the (known) fundamental questions
= Maybe, yes...
= It Is equally, or even more, important 7o

discover unknown fundamental questions, or to
recognize that we didn' t understand anything

= [ (Gaku Mon)

= No good counterpart in English (academia ?
Learning ?)

= =7 (Gaku) is to learn, and [ (Mon) is to ask

= Indeed you can ask questions only after you learn

something seriously. Learning without asking later
does not bring any progress.



a famous American philosopher and

poet: D.H.Rumsfeld

The Unknown

As we know,

There are known knowns.
There are things we know we
know.

We also know

There are known unknowns.
That is to say

We know there are some things
We do not know.

But there are also unknown un-
knowns,

The ones we don't know

We don't know.

—PFeb. 12, 2002, Department of
Defense news briefing

Remarked by Prof.Cheon, Kochi Institute of Technology, Japan



Goal of Princeton-Subaru collaboration

= Search for the unknowns
= Dark matter in the universe
= Dark energy in the universe
= Most distant objects in the universe

m Planets in the universe
= A Second Earth ? Ocean ? Life ?

known known
4.6%

unknown
unknown
72%

known
unknown

23%

Direct imaging of pIanet_S

only 9min exposure! N
: " gt

NASA/WMAP Science Team Subaru HiCIAO team
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Woolf & Smith:
ApJ 574
(2002) 430
“The spectrum

: W dl of earthshine:
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A Pale Blue Dot
Observed from
the Ground”
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Kasting et al. arXiv:0911.2936 (A SAEEHSALHES)
“Exoplanet characterization and the search for life”
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Kasting et al. arXiv:0911.2936
“Exoplanet characterization and the search for life”
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Seager, Turner, Schafer & Ford.:
astro-ph/050330
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Vesto Melvin Slipher (1875-1969)
LyRTyU% 4T —h—ELTRS EBRERA ;i I
= “spiral nebulae” ‘%"G‘E:ﬁﬁiﬁl)d)i‘ﬁjﬂﬁ@é‘%ﬁﬂ "':
s I\WWIIICKEFHERERODERICAKENETS |

“Observations of Mars in 1924 made

at the Lowell Observatory: 11

spectrum observations of Mars”
PASP 36(1924)261

reflection spectrum. The Martian spectra of the dark regions
gn far do not mive anv certain evidence of the tvpical reflection

spectrum of chlorophyl. The amount and types of vegetation

required to make the effect noticeable 13 being nvestigated by

siitable terrestrial exposures.



A TPF proposal: 7he New Worlds Mission

http://newworlds.colorado.edu/

= Two or three spacecraft at L2 point
= 4-meter aperture telescope in the visible

= “occulter” craft would each carry a starshade.
Operating 70,000 km from the telescope, one
starshade blocks starlight but passes planet light.

= U. of Colorado, Ball aerospace, GSFC, MIT, UCL



New Worlds |\/|ISSIOn S|mulat|ons

S|mulated spectrum |
of an Earth-like planet

= at 10 pc, with 4-m
telescope, an exposure
time of 1000000 sec,

and a resolution of 100.  _ \vith Earth-like clouds, New
The O, line at 761nm is Worlds can roughly map
promment as well as continents and oceans at 10
the H,0 line at 960nm. pc. The Atlantic Ocean is

http://newworlds.colorado.edu/ clearly visible.




New Worlds Mission: simulated image

Inclination=0° Inclination=60°

= the Inner solar system taken at 10pc
with a 4-meter telescope

http://newworlds.colorado.edu/




New Worlds Mission: contrast slice

m easler to detect
Earth at 0.5
microns (for a G2
star) than at 0.95
MICrons

m Earth 1s harder to
see at 0.95
microns because
PSF Is more
spread out at
longer
wavelengths.

http://newworlds.colorado.edu/
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A pale blue dot
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