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Discovery of

 the acceleration of the expansion of the Universe



Consistent with past deceleration, and
accelerate now
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Why is the UniverseWhy is the Universe’’s expansions expansion
accelerating ?accelerating ?

acceleration
cosmic
scale

time
13.7billion

years
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What is Dark Energy ?

• Static i.e. constant in time ?
– Cosmological constant
– Vacuum energy

• Dynamic i.e.varies in time ?
– 5th element (quintessence) with negative

pressure
• Failure of general relativity at large

scale
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Stars and galaxies are only ~0.5%
Neutrinos are ~0.1–1.5%
Atoms (baryons) are only 4.4%
Dark Matter 20%

Dark Energy 76%

Constituents of the current Universe

  
!

Dark Energy
! 6 "10#9erg/cm3

Static or Dynamic ?
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How to probe Dark Energy ?

• Use the expansion history of the Universe.

• Geometrical: distances (SN,…)
• Dynamic : Growth of structure

– The redshift at which structures of a given mass
start to form is very sensitive to the expansion
history
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8No constraint on wa
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Instrumentation
for

Imaging survey



13



14



15



16



17

Hyper Suprime Cam (HSC)

• Wide field of view : 1.5 - 2.0 deg φ(diameter)  (SC: 0.5 deg φ) 

                                                                              (1.77-3.14 deg2) (SC: 0.2 deg2)

• 600nm < λ < 1100nm
• Image quality : 0.3 arcsec

• Large focal plane
• Fully depleted CCD
• Large corrector lens system
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HSC survey strategy

• First light  Dec. 2010
• 2000 deg2 in 2 years
  (150million galaxies/1000deg2)
• Measure w0 to ±0.09
• Measure wa to ±0.26 (dynamic

origin or not ?)

• Produces ~ 1TB/night of high
quality image data
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Competition

Stage III & IV facilities
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University of Hawaii
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Dark Energy Survey (Fermilab)
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First light ~2015 

A factor 3 improvement
over Stage- III facilities

SLACStage-IV

20,000deg2
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@LBNL
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Conclusion
• Dark Energy : a big mystery
• Next goal is to probe time dependence.
• Statistical astronomy
• Stage III facilities : HSC, PanStarrs4,

DES      ~ 2010
• Stage IV facilities : LSST, JDEM ~2015


