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the saga



WFMOS
• Wide Field Multi Object 

Spectrograph

• designed developed by 
Gemini team for Subaru

• WFMOS “approved” by 
Subaru UM 2009

• killed in February ’09

• HSC also need ~$15M 
more to be completed

HSC WFMOS



SuMIRe
• trying to revive multi-

object spectrograph

• PFS = “Prime Focus 
Spectrograph”

• SuMIRe = combo of 
HSC and PFS

• trying to grab funds 
from the economic 
stimulus package

HSC PFS



SuMIRe
• stimulus package by the 

previous LDP administration
• initially $2.7B for 30 scientists
• 565 proposals in July ’09
• proposed $95M for SuMIRe
• 90 chosen for presentation in 

Aug ’09
• initial ranking: 76th, barely 

within the cut of 81
• after presentation: chosen 

among 30 in Sep ’09

$1=¥100

• Then the overall envelope cut 
to $1.0B

• I get only $29M

?



IPMU strategy
• interests: dark energy, dark matter, neutrino 

mass, modified gravity, inflation
• BOSS: dark energy via BAO, Lyman α
• HSC: dark energy via weak lensing, 2D dark 

matter map ~$10M so far
• PFS: DE via BAO, neutrino mass, gravity 

tests (z space distortion), 3D DM map
• blatantly relied on the WFMOS study + 

help from Takada, Yoshida, Silverman
• 2000 sq deg@z=0.6–1.6, 2M objects
• 300 sq deg@z=2.3–3.3, 0.6M objects
• ~100 dark nights



Reveal the origin and fate of the Universe

––elucidate the nature of dark matter and 
dark energy via imaging and spectroscopy––

How I pitched it



How did the Universe begin?
Does it have an end?
What is it made of?
Why do we exist?

Questions since the dawn of
humankind now with science!

Where do we come from?

What are we?

Where are we going?

dark energy

dark m
atter

at
om

s



should slow 
down

speeding up!

• expansion started to speed up recently (~7Byr)

• energy is increasing!

• infinite source of energy?? dark energy

• Was Einstein wrong?

• new paradigm of the Universe, fundamental laws

• If the rate of energy increase very quick, eventually 
the expansion becomes infinitely fast                  
⇒ Will the Universe end??

expansion

Most profound mystery in basic science
(Wilczek, Nobel Prize)

Number one on my list of problems to 
solve (Witten, Fields Medal)



Revealing Dark Energy

• Japan is behind in this area

• measure the rate of acceleration

• ~100M galaxies

• precision imaging of galaxy shapes          
⇒world class

• precision wide field spectrograph to 
measure distances ⇒ world leading!

• push the Japanese technology in 
precision control, optics, detectors, 
materials

• Mitsubishi Electric,  Canon, Hamamatsu, 
Kyocera have been involved in R&D

Subaru (NAOJ)

HSC PFS



US 2008
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US 2011

J 2011
J 2013

this proposal

im
ag

in
g

im
ag

in
g

im
ag

in
g 

+
 s

pe
ct

ro
sc

op
y

sp
ec

tr
os

co
py

radio

Competitiveness
measurement accuracy of 

dark energy characteristics
im

ag
in

g

ac
cu

ra
cy

(σ
(w

p
iv

o
t
)σ

(w
a
))
−

1
be

tt
er

ACT

Pan-
Starrs

BOSS

DES

Takada@IPMU



The Origin
• speed of light is finite
• look far = look into past
• map at the farthest region of the Universe ⇒ 

origin and evolution history of the Universe
• the skeleton is invisible dark matter, 80% of 

matter
• but we can build maps of dark matter:  

imaging and spectroscopy

cosmic genome project
SuMIRe=Subaru Measurement of Images and Redshifts



maps of dark matter

distortion in images of BG galaxies 2D map of dark matter

3D map using depth information from spectroscopy
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to shallow to see the evolution effects

COSMOS Survey

3D map of dark matter
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Big
Bang!
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can prove that Universe was
very featureless early on, and

structure grew gradually
thanks to dark matter

deep & wide
⇒world leader!

Yoshida@IPMU can clearly see the evolution of structure

3D map of dark matter

Only Subaru can approach the Origin this well
thanks to its 8.2m diameter and wide field



Where are we?



How does it fit?



Today

• Awarded $27M + $2M “boost”

• $12.5M committed to HSC

• $16.5M available for PFS

• part of the overhead $5M will come back 
to the project (see later)

• cf. WFMOS cost estimate was $68.5M

$1=¥100



How do we fit it in?

• Three basic strategies

• find free labor

• contribution from international partners

• cost reduction

• Princeton is interested in going beyond 1μ, 
but neither within WFMOS scope nor 
current discussion; requires more funds



Possible?
• Current strategy for the instrument:
• Japan: procuments for spectrograph, 

detectors, and prime focus instruments
• French labor: build spectrographs
• Caltech/JPL: fiber positioner
• Brazil: fiber
• UK: metrology+software
• Princeton: detector work

• total: approx. $47M
• WFMOS-based estimate of the instrument: 

$33.9M+$7.4M (w/o high dispersion)



Not identified so far

• According to WFMOS-based estimates:
• science: (community)
• Management: (HM overhead?)
• system engineering: (HM?)
• integration and test: (NAOJ?)
• data systems: (LAM?)
• all basically labor cost
• we need to find the right people!



difference from Gemini

• Gemini group came and “take it or leave it”

• This time, main funding source is Japan

• customize design/science for the Japanese 
Subaru community within cost

• “All Japan” data access like HSC

• hand-picked partners, not whole Gemini

• but won’t get Gemini time



WFMOS drawing



WFMOS design

• “big beam” spectrograph, 3 x (5m x 3m)!

• Subaru people don’t like this

• 6k×3k CCD from LBNL/JPL

• better use Hamamatsu 4k×4k (cheap!)

• many moving parts to switch High & Low R

• better have a static design



technical specs

• BAO
• correlate distance from BAO 

to redshift ➔ dark energy
• targets selected with HSC
• go beyond BOSS: z≈0.6–1.6
• most efficient (least exposure): 

OII emission 372.7, 373.0 nm
• need 600-1000nm, R≈3000
• measure w down to 3%
• 4k×4k CCDs, ~500 fibers x 5

Figure 1: Fractional errors in measuring the angular diameter distance and the Hubble expansion rate for
each redshift slices for the different BAO surveys, SDSS, BOSS and PFS. For the PFS survey we assumed
survey parameters given in Table 3. Note that the expected accuracies of distance measurements are
sensitive to the bias parameters or number densities of target galaxies we assumed.

tend to be brighter in redder bands than in i band. Therefore a more careful study for target galaxies for
the PFS survey needs to be done assuming the deep, multi-color data sets available from the HSC-wide
survey.

The requirements on the PFS performance are summarized in Table 4. We found that, if we can
obtain redshifts for galaxies with iAB < 22.7, the required number of targets per field seems available. A
requirement on the angular size of each fiber simply comes from the fact that the median seeing size at the
Subaru Telescope site is typically 0.6–0.7′′ FWHMs. A fiber having a size larger than the FWHMs by a
factor 2 would not have a significant contamination from sky.

Figure 1 shows the expected accuracies of measuring the angular diameter distances and the Hubble
expansion rate for each redshift slices assuming the survey parameters in Table 3 for the PFS BAO survey.
It can be seen that the PFS BAO survey can achieve a few percent accuracies of the distance measurements
and is quite complementary to the SDSS and BOSS surveys, yielding a wider coverage of redshifts out to
z ! 1.6. The dark energy contribution to the cosmic expansion becomes insignificant at z >∼ 1, if dark
energy is equal or close to the cosmological constant, and therefore the PFS survey combined with the
SDSS and BOSS can open up a window to test early dark energy models up to z ! 1.6.

Next let us estimate the expected performances of the PFS BAO survey and the SuMIRe survey, i.e.
a joint experiment of the HSC imaging survey and the PFS redshift survey. Table 5 shows the parameter
forecasts, where we assumed the WMAP 5-year cosmology as the fiducial model. For all the forecasts we
assumed the Planck CMB prior on cosmological parameters (see [33] for the details). For the BOSS and
PFS surveys we assumed that the surveys are used to carry out the pure geometrical test for constraining
the dark energy equation of state parameters. That is, we did not include the broad-shape and amplitude
information of galaxy power spectrum for the BAO surveys. The dark energy figure-of-merit quantity
studied in the Report of Dark Energy Task Force, named as “DETF FoM” in Table 5, is defined as DETF
FoM≡ [σ(w0)σ(wa)]−1 assuming that the dark energy equation of state is parametrized as

w(a) = w0 + (1 − a)wa. (1)

Table 5 clearly demonstrates that adding the PFS BAO survey in the BOSS survey can improve the FoM
value by a factor 3 compared to the BOSS survey alone, reflecting that the BOSS and PFS surveys are
indeed complementary.

The forecast for the SuMIRe survey shows the results for the combined HSC and PFS surveys (note the
HSC imaging survey will be already done before the PFS survey starts). Here we assumed a joint experiment

5



additional science

• BAO
• also reach z≈3 with Lyα

• need blue: 400–600 nm
• weak lensing tomography
• HSC weak lensing survey with photo-z
• with real z, can do tomography
• 3D map of dark matter
• observe structure evolution w/o bias



other science?

• galactic archaeology based on dynamics
• 393.5 (K), 397.0 (H), R~3000?
• 850.0, 854.4, 866.5 (CaII), R~5000?

• Galaxy evolution with primordial HeII 164?
• EoR with Lyα emitters?
• AGN with OIII 500.7?
• SNe?
• minimize cost, maximize science!



brainstorming
Ouchi (ICRR)



Conclusions

• now likely that we can complete HSC
• spectrograph still uncertain but possible
• detailed specs will depend on funds 

available
• need lots of negotiations/discussions
• next week visit UK, Marseille, JPL
• Princeton and Brazil in September



Need community input

• Subaru Future Instrumentation Workshop

• Sep 9 & 10, 2010 @ IPMU

• science scope, spectrograph specs

• minimize cost, maximize science!

• hoping for community endorsement at 
January Subaru Users Meeting


