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平成 27年 6月 29日コンパイル版

第2期光赤天連SPICAタスクフォース最終報告書
―新生 SPICA(プランD)に向けたコミュニティからの提言―

第 2期光赤天連SPICAタスクフォース
(活動期間: 平成 26年 10月～平成 27年 3月)

平成 27年 3月 31日

GOPIRA: Group of OPtical and InfraRed Astronomers 

GOPIRA-STF (Oct.2014 ‒ Mar.2015): 
   M. Honda, Y. Koyama, Y. Matsuda, T. Matsuo,  
   T. Miyata, T. Nagao (chair), H. Nomura,  
   and T. Takeuchi 

Purposes: 
   ~ Reviewing the proposed SPICA sciences,  
      and judging whether they are still feasible  
      and scientifically valuable even after the  
      change from Plan A/B to Plan D SPICA 
   ~ Identifying new scientific ideas that newly 
      become feasible thanks to the change  
      to Plan D SPICA 
   ~ Making a report summarizing the above items   

※ The report was released in Jul. 2015, and now available at 
    http://gopira.jp/stf/GopiraSTF_report.pdf 



From Plan A/B to Plan D 
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Aperture size (~3m  2.5m) & Temperature (6K  8K) 
　  ~ Reduced spatial resolution due to smaller aperture size 
　  ~ Higher temperature is not a problem at λ < 230μm 
　  ~ Wider field-of-view (now 10 x 10 arcmin2 for SMI) 

SAFARI (34-210μm): Fourier spectrograph  Grating 
　  ~ Now no blank-field FIR spectroscopic surveys 
　  ~ A higher sensitivity for targeted spectroscopy 

SMI (18-36μm): New “low-R IFU” & “imaging” modes  
　  ~ R=50 @ 17‒36μm  former R~20 “PAH mapper” 
     ~ A new “slit-viewer” imaging capability at 34μm 

New high-dispersion mode on SMI 
　  ~ R = 20,000 ‒ 30,000 @ 12‒18μm 
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Wide and deep imaging with Subaru+SPICA 



Subaru	
  ×	
  AKARI	
  wide-­‐field	
  synergy	

Panoramic	
  mapping	
  of	
  z=0.8	
  
cluster	
  with	
  Subaru	
  &	
  AKARI	
  
(Koyama+2010)	


S-­‐Cam	
  for	
  mapping	
  
large-­‐scale	
  structure	


MOIRCS	
  to	
  derive	
  
SFR(Hα)	
  &	
  M★	


AKARI/IRC	
  15um	
  for	
  
rest-­‐8um	
  mapping	
  
dust-­‐obscured	
  SFR	


Input from Koyama san 
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Subaru	
  ×	
  AKARI	
  wide-­‐field	
  synergy	


(Koyama	
  et	
  al.	
  2010)	

Red: red HAEs (z=0.8)  

Blue: blue HAE (z=0.8)  
  (R-J>2.0) 

  (R-J<2.0) 

○: cluster  
△: group/filament  

: field  

Panoramic	
  Ha	
  &	
  MIR	
  
mapping	
  of	
  z=0.8	
  cluster	
  
revealed	
  that	
  extremely	
  
dusty	
  galaxies	
  (with	
  AHa	
  >	
  
3	
  mag)	
  are	
  preferentially	
  
located	
  in	
  group-­‐scale	
  
environments.	
  	
  	
  	


Input from Koyama san 
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SPICA	
  can	
  go	
  deeper	
  (w/	
  rest-­‐8um)	


z=1	

z=2	


z=3	

AKARI	
  
15um	
  	
 Spitzer	
  

24um	
  	


SPICA	
  
30um	
  	


ULIRG	
  SEDs	
  with	
  typical	
  flux	
  limits	
  for	
  AKARI	
  /	
  Spitzer	
  /	
  SPICA	


Input from Koyama san 
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Input from Masayuki Tanaka san, 
on behalf of the galaxy evolution WG in the Gopira future-planning discussion 



Note 1: JWST/MIRI also has imaging  
capability, but with a very small FoV: 
    MIRI: (1.2’x1.9’)x(πx6.5m^2) ~ 300 

    SMI: (10’x10’)x(πx2.5m^2) ~   1960 

Note 2: 4000A-break feature shifts at 
λ>1.6μm for galaxies at z > 3, thus 
we need deep & wide K-band image 
 UltimateSubaru, not WFIRST/Euclid 
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Input from Masayuki Tanaka san, 
on behalf of the galaxy evolution WG in the Gopira future-planning discussion 
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Beyond z=5 with Subaru+SPICA 
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Dust in high-z quasars: SDSS+Spitzer view 
Jia

ng
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(z=6.07) 

(z=6.01) 
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Dust in high-z quasars: SPICA view 
From

 SPICA team
 docum

ent 

 Really “dust-free”? Lacking only “hot-dust” component? 
 How common at z~6 ?  How about z > 6 ? 
  SPICA can detect both hot and warm dust, even at z~10 
    (Note1: JWST-MIRI can detect only hottest dust at z < 7 ...) 

Note 2: ALMA can also 
detect dust in high-z 
quasars, but only for 
“cool” component 

Note 3: SPICA’s wide 
λ-coverage enables to 
detect silicate features 
 constraints on the 
grain abundance 
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Targets (z~6-7 quasars) will be provided by HSC 
from Matsuoka-san’s talk 

Subaru High-z Exploration of Low-Luminosity Quasars (SHELLQs) 
led by Matsuoka-san (HSC Project 047) 
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Beyond z > 7.5: HSC + Euclid/WFIRST for SPICA 

Euclid white paper says: 
  ~ quasars at z~8-9: ~30 obj. for J<22 or 55 obj. for J<22.5 in Wide 
  ~ variability-selected low-L AGNs (1<z<4) in Deep (at NIR: new!) 
WFIRST white paper says: 
  ~ quasars at z~8-9: ~100 fainter obj. for J<24 in HLS 
  ~ variability-selected low-L AGNs (1<z<9) in SN-Wide 

How to select photometric candidates of high-z quasars? 
    Wide and moderately deep HSC images for 
       Euclid-Wide regions are extremely powerful 
Note: HSC multi-band images for Euclid-Wide regions are 
         extremely powerful not only for high-z quasars, but 
         also for photo-z improvements  
         ( galaxy evolution studies, cosmology, etc...) 
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Also high-z starburst galaxies, not only quasars 
From

 SPICA team
 docum

ent 

 SPICA can detect PAH (and some continuum) emission of 
   z~7 powerful starburst galaxies (but JWST/MIRI cannot) 
 Combining MIR spectra of quasars and starbursts at high-z 
    typical composition of grains (silicate vs carbonaceous) 
    info on the IMF of high-z stars (or Pop III stars) 
         (e.g., Todini+01, Nozawa+03, Schneider+04, Nozawa+14, ...) 



16	


+ HSC SLSN searches  further info on IMF 

Combining SPICA and HSC-SLSN 
datasets, we will investigate the 
IMF at very high-z Universe 

Input from Masaomi Tanaka san 
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Figure A2. Expected number of SN detection per dz = 0.5 bin
as a function of redshift with LSST surveys. For the adopted
survey parameters, see Table A1. For comparison, we show the
simulations with the HSC survey strategy (Deep and UltraDeep
layers). In this figure, a constant limiting magnitude in optical
wavelengths is assume for simplicity. See Paper I for more detailed
simulations with HSC. All the simulations have been performed
for Case B SFR density and Model 08es.
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APPENDIX A: APPLICATION TO UPCOMING

OPTICAL SURVEYS

We also apply our simulations to upcoming optical sur-
veys. Paper I performed detailed simulations with realistic,
planned observational strategy for Subaru Hyper Suprime-
Cam (HSC, Miyazaki et al. 2006) survey. On the other hand,
as shown in Section 5, it is useful to study a wide range of
parameters to find the optimized survey strategy. In this
section, we present simpler simulations for optical surveys,
but with a wider parameter space.

With optical surveys, detection of SLSNe up to z ∼ 5 is

c© — RAS, MNRAS 000, 1 - ??

Current HSC survey => SLSN @ z ~ 4-5  
Future HSC or LSST  => SLSN @ z ~ 7  
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Figure 9. Expected cumulative number of superluminous SNe at z > 3 as
a function of the slope index ! of the IMF at M > 50 M!. For this plot, our
‘conservative’ SN rate (f SLSN = 2 × 10−3) is assumed.

possibly be discovered. The total number of SNe is 120 and 1200
for the cases of f SLSN = 2 × 10−3 and 2 × 10−2, respectively. We
discuss the usefulness of such a large sample at high redshifts in the
next subsection.

4.2 Sensitivity to the IMF

As we mentioned earlier, the superluminous SNe of our target are
thought to be triggered by very massive stars. The occurrence rate is
very sensitive to the number fraction of such massive stars. This in
turn can be used, if the occurrence rate is accurately determined, to
probe the slope of the IMF at the massive end (Cooke et al. 2009).
We calculate the sensitivity of the expected number of detections
to the slope of the stellar IMF. For simplicity, we fix the minimum
mass of superluminous SNe (Mmin,SLSN) and the fraction of superlu-
minous SNe (f SLSN) for the following comparison. Note that these
parameters can be observationally constrained by the optical sur-
vey, as discussed in Section 3. To study the influence of the relative
fraction of massive stars, we change the slope of the IMF at large
mass >50 M!, while keeping the slope at <50 M! at 1.35. It is
important to note that changing the IMF at the high-mass end has
little impact on calibration of the star-formation rate, since most
UV continuum emission comes from massive stars with <50 M!.
Thus the occurrence rate of superluminous SNe is a robust probe of
the stellar IMF.

Fig. 9 shows the cumulative number of detections at z = 3–
6 as a function of !, the slope of the IMF. Here the fraction of
superluminous SNe is conservatively assumed to be f SLSN = 2 ×
10−3. Even in this case, with ! < 1.1, the expected number can
be about three times as much as that with ! = 1.35. Thus, if the
star-formation rate is independently measured and if the SN rate can
be determined with an accuracy within a factor of 3, the very flat
slope of the massive end of the IMF can be inferred or rejected.

5 N OT E S O N T H E SA M P L E SE L E C T I O N

So far we have discussed the number of detectable SNe of a particu-
lar type, but have not fully evaluated the efficiency of target selection
for actual surveys. Because superluminous SNe are intrinsically rare
events, upcoming optical surveys using 8-m class telescopes such as
Subaru and LSST and NIR surveys with Euclid, WFIRST and WISH
will discover more Type Ia and ordinary core-collapse SNe. These

normal SNe will be more abundant than superluminous SNe by a
factor of about 100. Thus, to identify superluminous SNe at high
redshifts, we must select the candidates properly and efficiently.

Cooke (2008) propose a method to select Type IIn SNe from
colour-selected Lyman-break galaxies. The advantage of the method
is that the photometric redshift of the host galaxy is already known.
When Lyman-break galaxies at z > 2 are selected, most SN candi-
dates found in this sample are likely to be Type IIn SNe or superlu-
minous SNe.

Here we consider the characteristics of superluminous SNe in a
more general case. An important issue would be that the host galaxy
of a distant SN is likely to be too faint to be detected. We summarize
the properties of (1) light curves and their time-scales, (2) colours
and (3) host galaxies of superluminous SNe at high redshifts.

The observed time-scale is determined by the intrinsic time-scale
and the time dilation due to cosmological redshift. Superluminous
SNe observed so far indeed tend to show an intrinsically long time-
scale. As an extreme case, the brightness of SN 2006gy stayed
within 1 mag below the maximum for about 100 d. Other objects
such as 2008es (Gezari et al. 2009; Miller et al. 2009), SCP 06F6
(Barbary et al. 2009), PTF09atu, PTF09cnd and PTF09cwl (Quimby
et al. 2011) also have long time-scales. Their decline tends to be
faster in bluer bands (Fig. 1).

In optical surveys, we observe high-redshift superluminous SNe
at rest-UV wavelengths. The observed time-scale of superluminous
SNe is slightly longer than that of Type Ia and Ibc SNe and shorter
than that of Type IIP SNe (Fig. 5) when we use SN 2008es as a
template. When we use PTF09cnd as a template instead, the light
curve is as slow as that of Type IIP SNe. With such a slowly evolving
light curve, it may be difficult to distinguish superluminous SNe
from Type IIP SNe.

In NIR surveys, the long time-scale of superluminous SNe is
pronounced (Fig. 7). Since NIR wavelengths trace the rest-frame
optical wavelengths at z ! 2, superluminous SNe at z ! 2 can stay
detectable for more than 100 d thanks to both the intrinsic brightness
and the dilation effect (Fig. 7). As a result, the time-scale is longer
than that of any other type of SNe.

The second diagnostic is the observed colour. Fig. 10 shows op-
tical r − i versus i − z (left) and NIR F115W–F200W ([1.2]–[2.0])
versus F200W–F277W ([2.0]–[2.8], right) colour–colour diagrams.
Colours of our template superluminous SN 2008es at high redshifts
are shown in red in the online article. For comparison, we also show
the expected colours of Type Ia SNe at z = 1.0 and 1.5 (black in
the online article), Type IIP SNe at (blue in the online article) and
Type Ibc SNe (green in the online article) at z = 0.3 and 0.5. These
SNe are expected to have similar observed magnitudes to those of
superluminous SNe at z > 3. The colours of these types of SNe are
calculated using the spectral templates of Nugent et al. (2002). See
Appendix A for the SEDs. The reddening in the host galaxy is not
taken into account here. It is worth mentioning that there is a scatter
in the optical colour of observed SNe at low redshifts. Including
the contribution from the host galaxy, the scatter is typically about
1.0 mag for Type IIP and 0.5 mag for Type Ibc SNe (e.g. Olivares
et al. 2010; Drout et al. 2011). For Type Ia SNe, a wide colour spread
is known, but most objects have similar colours within 0.2–0.4 mag
(e.g. Wang et al. 2009).

Superluminous SNe at high redshifts tend to have redder colours
than Type IIP and Ibc SNe, both in r − i and i − z. For superluminous
SNe at high redshifts, the observed r, i, z wavelengths correspond to
the near-UV wavelengths in the rest frame, which are at the blue side
of the spectral peak. On the other hand, most Type IIP and Ibc SNe
with optical surveys will be discovered at z " 1. Their observed

C© 2012 The Authors, MNRAS 422, 2675–2684
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Summary 

 Extremely powerful MIR imaging survey with SPICA 
    ~ at 34μm (SMI “slit-viewer” mode) 
    ~ wide-field survey with Subaru+SPICA for 
       full understanding of star-formation at z~3-4 
    ~ UltimateSubaru will be a key for the SED analysis 

 SPICA’s superb spectroscopic sensitivity at MIR-FIR 
    ~ revealing the dust properties in quasars at z > 6 
    ~ silicate features can be detected up to z ~ 10 
    ~ targets will be brought from the current HSC-SSP 
       and future Euclid-HSC survey (at z > 7.5) 
    ~ PAH in luminous SBGs at z~7 is also detectable 
    ~ combination of SPICA high-z spectroscopy and 
       HSC-SLSN survey will give us info on high-z IMF 


