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• Subaru Strategic Program (SSP): 〜300 nights over 〜5 years 

‣  HSC SSP has been started since 2014 and continues until 〜2020? 

‣  PFS SSP is going to start after the HSC SSP is ㉀nished 

✓ Expected to start from early 2022 

✓ A proposal is currently in preparation 

✓ A survey program with three big science topics

Cosmology

Galaxy/AGN 
Evolution

"Comprehensive Challenge on Standard Model of the Universe and Beyond"

Galactic 
Archaeology

PFS SSP survey:
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PFS SSP survey: Cosmology

• Scienti㉀c goals: 

‣  Precise measurement of cosmological parameters 

‣  Constraint on the neutrino mass hierarchy 

• Front loading survey because of other competitors? 

• Neutrino science and the higher redshift would be unique

[One of the] Expected Main Plot  
in the Cosmology Paper! by R. Makiya

by Masahiro

Grey: DESI

PFS and DESI are 
comparable at z>1.2

Constraint on Σmν from measurements 
of power spectrum with high precision

Measurements of cosmological 
parameter as a function of redshift
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Wide-field imaging with Hyper Suprime-Cam 25
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Figure 11: The location of the HSC-Wide, Deep (D) and Ultradeep (UD) fields on the sky in equatorial coordinates.
A variety of external data sets and the Galactic dust extinction are also shown. The shaded region is the region
accessible from the CMB polarization experiment, ACTPol, in Chile.

Table 10: Survey Fields
Layer Name RA, Dec Area Key Other data

[deg2]
Wide Fall equatorial 22:00≤RA≤02:40 & -1◦≤Dec≤ +7◦ ≃640 ACT(ACTPol), VIPERS, DEEP2,

01:50≤RA≤02:40 & -7◦≤Dec≤-1◦ XMM, UKIDSS, WiggleZ
Spring equatorial 08:30≤RA≤15:00 & -2◦≤Dec≤+5◦ ≃680 ACT(ACTPol), VIKING/KIDS, UKIDSS,

GAMA, Herschel
Northern sky 13:20≤RA≤16:40 & +42.5◦≤Dec≤+44◦ 55 spec-z (HectoMAP: r < 21.3)

Deep XMM-LSS 02:25:00 -04◦30′00′′ 5.3 UKIDSS-DXS(NIR), VIDEO-XMM-LSS(NIR),
VVDS(spec-z), PRIMUS(spec-z)

E-COSMOS 10:00:29 +02◦12′21′′ 7.2 UKIRT/CFHT(NIR), VVDS(spec-z)
ELAIS-N1 16:10:00 +54◦00′00′′ 7.2 UKIDSS-DXS(NIR), LOFAR-Deep(radio)
DEEP2-3 23:30:00 +00◦00′00′′ 7.2 DEEP2(spec-z), PRIMUS(spec-z)

UD SXDS/UKIDSS 02:18:00 -05◦00′00′′ 1.8 UKIDSS-UDS(NIR), SpUDS(MIR), VVDS(spec-z),
CANDELS(HST), PRIMUS(spec-z), UDSz(spec-z)

COSMOS 10:00:29 +02◦12′21′′ 1.8 UltraVISTA(NIR), CANDELS(HST) VVDS(spec-z),
zCOSMOS(spec-z), PRIMUS(spec-z), Spitzera

a We were recently approved for 1250 hours of warm Spitzer time for deep observations of the COSMOS field.

• The fields should be well distributed over a wide range of RA, such that fields are reachable at all
times of the year.
• The fields should overlap other multi-wavelength data sets to maximize scientific potential when com-
bined with the HSC data. The major data sets which offer unique synergy with HSC data are the arcminute-
resolution, high-sensitivity CMB survey by ACT in Chile, and its polarization extension ACTPol, for which
Princeton is playing a major role; X-ray surveys from XMM and eROSITA; near-/mid-infrared imaging
surveys (e.g., VIKING/VIDEO and UKIDSS); and deep spectroscopic surveys (e.g., VIPERS, GAMA,
COSMOS, HectoMAP).
• The Ultradeep regions should be included in the Deep fields, and (with one exception, see below) the

Deep fields should be included in the Wide fields.
• The fields should be low in Galactic dust extinction.

One of our wide fields matches a unique 55 deg2 region, the HectoMAP field, where Kurtz et al. (2012)
are carrying out a spectroscopic survey for galaxies with r < 21.3 with Hectospec, a wide-field multi-object
optical spectrograph, on the 6.5m MMT telescope. We will use the spatially-dense spectroscopic galaxy
catalog to calibrate cluster finding methods for the Wide data.

Although it is not listed in Table 10, we will also obtain broad-band images in grizy for the All-
wavelength Extended Groth Strip (AEGIS) field (RA = 14h17m,Dec = +52◦30′) to the depths of the
Deep layer. The AEGIS data is the largest field with publicly available densely sampled spectroscopic
redshifts down to R < 24.1, including the DEEP2 and DEEP3 spectroscopic samples; this sample is key
for calibrating photometric redshifts. The field can be observed with HSC with a single pointing, thus the

PFS Cosmology PFS Cosmology

• Target ㉀elds: 

‣  〜1400 deg2 of HSC-wide ㉀elds 

‣  cf. eBOSS=〜6000 deg2, DESI=〜14000 deg2  

• Targets: 

‣  Emission line ([OII] emitters) galaxies at 0.6 < z < 2.4 

‣  Various AGNs (BL AGNs at z>4, MIR/radio AGNs, time variable 

AGNs, QSO absorption, and so on...) are also included

PFS SSP survey: Cosmology
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• Target selection for emission line galaxies 

‣  Basically, color selected sample 

‣  Improvement of the color selection is on-going 

• 4M emission line galaxies will be detected in total

PFS SSP survey: Cosmology

Publications of the Astronomical Society of Japan, (2014), Vol. 66, No. 1 R1-7

Fig. 3. Left: The distribution of objects in the COSMOS Mock Catalog in the color–magnitude diagram. Right: The fraction of objects in each cell that
are z > 0.7 ELGs with [O II] doublets detectable at ≥8.5 σ in PFS in 2 × 7.5 min exposures. The third dimension (r − i ) is not shown on this 2D plot,
but allows us to select lower or higher redshift galaxies within the PFS survey range. (Color online)

reflects 10% of the incident radiation, and then there are
many surfaces that could potentially reflect this radiation
back. Refining this parameter will be a priority since the
S/N forecasts degrade rapidly if it gets worse.)

Continuing our conservative approach, we assumed the
instrumentation throughput at the edge of the focal plane
and 26◦ for the zenith angle. (The latter corresponds to
observations at declination 5◦S, the southern boundary of
the HSC survey region, and ±0.5 hr away from transit.)

Figure 2 shows that the current design of PFS allows
a significant detection of the [O II] line over a wide range
of redshift, up to z ≃ 2.4. Most importantly, the baseline
design provides near-equal sensitivity of the red and NIR
arms for measuring the [O II] line for the same exposure
time. Hence PFS can execute a cosmological survey very ef-
ficiently over a wide range of redshift, provided sufficiently
bright ELGs are available for study (see below).

In the following analysis, we set a threshold of S/N= 8.5
(matched filter) for detection of an ELG. In principle, it may
be possible to accept less significant detections. However,
given the uncertainties in the airglow and the early stage of
the instrument design, we consider it prudent to leave some
margin in S/N.

2.2.2 Target selection of emission-line galaxies
We now address how to optimally select ELGs as suitable
targets in the proposed redshift range. We will assume that
we can use the multi-color imaging data of the planned HSC
survey which will be executed ahead of the PFS survey. The
currently planned HSC survey will reach i ≃ 26 (5 σ for
a point source and 2′′ aperture), in the five passbands grizy
over ∼ 1500 deg2.

As seen in figure 2, if we target ELGs over the wide red-
shift range 0.8 ≤ z ≤ 2.4, the wide wavelength coverage of
the red and NIR arms allows a very efficient selection of
[O II] emission-line galaxies. A g − r color cut is ideal for
selecting galaxies in this redshift range: if an object is blue
(g − r < 0.3), then it likely has no spectral breaks in the g
and r bands—this means the redshift is high enough for the
Balmer/4000 Å break to have redshifted beyond the r band,
but the Lyman break has not yet entered the g band. Fur-
thermore, g − r < 0.3 implies a blue rest-frame UV slope,
which has a strong correlation with the star-formation
activity that produces [O II] emission.

To estimate the efficiency of various target selection algo-
rithms, we used the COSMOS Mock Catalog (Jouvel et al.
2011), where fluxes of various emission lines of each galaxy
are estimated based on physical parameters (star forma-
tion rate, stellar mass, and metallicity) using the COSMOS
30 passband photometric data and zCOSMOS spectro-
scopic data. We have chosen the preliminary target selection
cuts:

22.8 ≤ g ≤ 24.2 AND − 0.1 < g − r < 0.3

AND NOT (g > 23.6 AND r − i > 0.3). (1)

The HSC depth (g, r, i ≃ 26 mag AB at 5 σ ) is sufficient to
find the target galaxies and to provide accurate g − r and
r − i colors. The ELGs in the redshift range 0.8 ! z ! 2.4
are primarily selected from the color cut −0.1 < g − r < 0.3,
and the g-magnitude cut gives preference to bright objects
while reducing low-redshift contamination, as can be seen
in figure 3. The condition on r − i for fainter magnitudes
is designed to tilt the redshift distribution in favor of more
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Takada et al. 2014

• Survey strategy 

‣  2 visits for the same ㉀eld 

‣  15 min. (450 sec. × 2) in 

each visit 

‣  Strategy of the tiling of FoVs 

is currently under discussion
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Too shallow for galaxy science?

composite 
spectrum of all 
~4000 sample

close-up

Yabe et al. 2015

gray dots: individual data points
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SDSS

Yabe et al. 2015

GTO sample

Yabe et al. in prep.

• Probably, NO 

• We (at least I) have experience of Fastsound (FMOS SSP) 

‣  On-source exp. time is 〜30 min. 

‣  We wrote (and will) science papers on galaxy science 

• Much larger galaxy sample is obtained in the PFS survey
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PFS SSP survey: Galaxy/AGN Evolution

DRAFT VERSION JUNE 1, 2017
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PFS GALAXY EVOLUTION: CHARTING MASS ASSEMBLY WITHIN THE COSMIC WEB

Draft version June 1, 2017

ABSTRACT
We describe an ambitious 60 night survey to chart the evolution of typical galaxies during the epoch (0.7 < z <

2) at which half of the stellar mass in galaxies is assembled. The survey will cover 11 PFS pointings (⇠ 14.5 deg2)
in the HSC Deep fields. Galaxies down to JAB ⇠23.0 or yAB ⇠22.5 will be selected according to their photometric
redshifts. The spectra will have sufficient S/N to measure stellar masses, ages, and star formation rates as well as
redshifts. With 300,000 galaxies, a volume equivalent to the SDSS legacy survey and high sampling, this survey
represents a unique opportunity to investigate the role of the cosmic web in shaping galaxy properties just after
the peak of the cosmic star formation activity and during the major build-up of the quiescent population. We will
link the physical properties of galaxies with the anisotropic environments traced by the cosmic web, to disentangle
the impacts of stellar and black hole feedback, merging, halo masses and other environmental factors on galaxy
evolution at this crucial epoch.

1. GALAXY GROWTH IN THE EVOLVING COSMIC WEB

The Sloan Digital Sky Survey (SDSS; York et al. 2000) es-
tablished an excellent local benchmark for galaxy properties in
the universe today (e.g., Blanton & Moustakas 2009). However,
the majority of stellar mass in the universe was built up in the
era spanning the redshift range 0.7 < z < 2 (Figure 1). While
there are many deep spectroscopic surveys covering small ar-
eas [e.g., zCOSMOS (Lilly et al. 2007), PRIMUS (Coil et al.
2011), VVDS (Le Fèvre et al. 2005), DEEP2 (Newman et al.
2013), KBSS (Steidel et al. 2014) and MOSDEF (Kriek et al.
2014)], as well as large-area redshift surveys to measure large-
scale structure (e.g., VIPERS; Guzzo et al. 2014, Figure 2, left),
there are not yet spectroscopic surveys with the combination
of wide area, depth, signal-to-noise ratio and wide wavelength
coverage to simultaneously chart the evolution of the cosmic
web and the physical processes in individual galaxies (e.g., star
formation, outflows, accretion) that drive the star formation his-
tory of the universe.

Ultimately, the formation and evolution of galaxies are driven
by the collapse, growth, and assembly of dark matter halos
and the environments in which they reside, and understanding
galaxy evolution requires measurements of the distribution of
galaxies on scales from 0.1 to tens of Megaparsecs (requiring
>10 deg2 surveys preferably spread over 2-3 fields to combat
cosmic variance), i.e., the cosmic web. The Prime Focus Spec-
trograph (PFS), with its combination of multiplexing (2000
science fibers in a 1.3 deg2 field-of-view) and wide wave-
length coverage (from 0.38 to 1.26 microns at a resolution of
about 3Å; Figure 2, right), enables an unprecedented study
of galaxy and black hole evolution in the context of the cos-
mic web.

1.1. The Power of SUMIRE/Subaru

The Subaru Telescope is unique among 8m-class telescopes
for its large field of view. We are currently exploiting this capa-
bility with the Hyper-Suprime Camera (HSC) survey, a multi-
band wedding-cake imaging survey to i = 26,27,28 AB mag
over 1400,28,3.5 deg2 respectively (Aihara et al. 2017). In ad-
dition, the CFHT Large Area U-band Deep Survey (CLAUDS)
project has obtained 20 deg2 of U-band data to UAB = 27 mag
(5 �) with sub-arcsec seeing in the HSC Deep Fields, and we
have JK photometry over much of the Deep Fields from UKIRT

and VISTA, allowing excellent determination of photometric
redshifts (Appendix C). Here, we focus on a galaxy-evolution
survey in the HSC Deep fields. HSC imaging will be used for
identifying spectroscopic targets and for structural and shape
measurements to enable morphological and weak lensing stud-
ies, while the PFS spectra will give redshifts, emission and
absorption-line properties, and detailed physical properties of
galaxies.
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FIG. 1.— Evolution, as a function of cosmic time and redshift, of the
cumulative stellar mass density normalized to today’s value. The dif-
ferent symbols represent all the measurements of the total stellar mass
density derived in the past decade (see Muzzin et al. 2013; Madau &
Dickinson 2014; Grazian et al. 2015; Moutard et al. 2016; Davidzon
et al. 2017, and references therein). The hatched cyan box shows the
redshift interval between z = 0.7 and z = 2, which will be targeted
by PFS. During the 4 Gyr of cosmic time between z = 2 and z = 0.7,
half of the present-day stellar mass content of the universe was built,
growing from ⇠ 25% to ⇠ 75% of the present-day value.

We propose a survey of 11 PFS pointings (⇠ 14.5 deg2)
over 60 clear nights. We will survey ⇠ 300,000 galaxies to
a depth of JAB ⇡ 23 mag, corresponding to ⇠ L⇤ galaxies, us-
ing photometric redshifts to select galaxies with 0.7 < z < 2.
With this sample, we will probe the cosmic epoch over which
⇠ 50% of the stars in the Universe were formed (Figure 1). The
combination of large area and high sampling rate (see §2) to-
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We propose a survey of 11 PFS pointings (⇠ 14.5 deg2)
over 60 clear nights. We will survey ⇠ 300,000 galaxies to
a depth of JAB ⇡ 23 mag, corresponding to ⇠ L⇤ galaxies, us-
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Hα [OIII] [OII] MgII Lyα
Star formation 

rates
Ionization 
Metallicity Winds Reionization

from slides by J. Greene

• Scienti㉀c goals: 

‣  Charting mass assembly within the cosmic web (from z〜7 to z〜1) 

• Targets: 

‣  〜Magnitude limit sample at 0.7<z<2  

‣  Galaxies at z=2-2.5 for IGM tomography 

‣  Galaxies at z>3 and LAEs@z=2.2, 5.7, 6.6 

‣  All in 〜15 deg2 of HSC-D with U-band and NIR/Spitzer coverage
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As of Aug. 2018

PFS SSP survey: Galaxy/AGN Evolution

XMM-LSS

DEEP2-3

COSMOS

• Scienti㉀c goals: 

‣  Charting mass assembly within the cosmic web (from z〜7 to z〜1) 

• Targets: 

‣  〜Magnitude limit sample at 0.7<z<2  

‣  Galaxies at z=2-2.5 for IGM tomography 

‣  Galaxies at z>3 and LAEs@z=2.2, 5.7, 6.6 

‣  All in 〜15 deg2 of HSC-D with U-band and NIR/Spitzer coverage
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sample redshift mag / flux limit exp. time number description

(hours)

low-z (main) 0.7<z<2 J~23 2 ~230,000 main compoent

low-z (deep) 0.7<z<2 J~22.5 12 ~14,000 deep component

high-z (IGM) 2.1<z<3.5 g~25, y~24 6-12 ~44,000 IGM tomography

very high-z 3.5<z<7.0 y~24.5 6 ~22,000 very high-z

LAE z=2.2, 5.7, 6.6 L(Lya) ~ 3-5×1042 3-12 ~15,000 LAEs

AGN various various various ~10,000 AGN

"Current" plan of target sample

•The total observing time is 70 nights (including weather factor) 

•A single pointing is observed in 40-50 hours 

Total area: 14.5 deg2

PFS SSP survey: Galaxy/AGN Evolution
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PFS SSP survey: Galaxy/AGN Evolution

Ionization diagnostics

Metallicity

“ISM properties"
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PFS SSP survey: Galaxy/AGN Evolution

Velocity dispersion

Number density of post-

star burst galaxies

Build-up of “red sequence"



Galaxy Evolution Workshop 2019 (Kiyoto Yabe, Kavli IPMU) �13

PFS SSP survey: Galaxy/AGN Evolution

Out㉁ow velocity as a function of SFR

All these properties as a 

function of “environment"

SFR vs. Environment
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PFS SSP survey: Galaxy/AGN Evolution

Tomographic reconstruction of 3D gas distribution using 

Lyα forest (Lee et al. 2014)

HI 21 cm cross-

correlation to LAEs at z>6
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2 PFS-AGN Team

TABLE 1
Target selection and observing strategy in the GE survey field

Target Selection Ntotal
AGN NAGN Nfiber Texp NfiberTexp

(1) (2) (3) (4) (5) (6) (7)
BL/X-ray AGNs CLAUDS/HSC/UKIRT/X-ray

0.5 < z < 2.0 iAB < 22.5 2,000 500 1,000 (0.5) 1
22.5 < iAB < 23.3 1,000 500 1,000 (0.5) 2 7,000
23.3 < iAB < 24.0 1,000 500 1,000 (0.5) 4

2.0 ≤ z < 4.0 iAB < 22.5 600 600 1,200 (0.5) 1
22.5 < iAB < 23.3 500 500 1,000 (0.5) 2 8,000
23.3 < iAB < 24.0 600 600 1,200 (0.5) 4

4.0 ≤ z < 6.0 iAB < 24.0 400 400 800 (0.5) 4 3,200
6.0 ≤ z zAB < 25.0 10 10 100 (0.1) 5 500

SMGs HSC/SCUBA-2 f850µm > 8 mJy 100 100 500 (0.2) 4 2,000
Radio AGNs HSC/FIRST detection 2,000 200 250 (0.9) 3 750
XMP AGNs HSC NB excess · · · a few 1,000 (0.001) 2 2,000
IMBHs HSC variability 30 30 300 (0.1) 2 600
RM project COSMOS/VVDS variability · · · 300 300 (1.0) 0.5×30 4,500
Total 28,550

Note. — Columns (1) target; (2) selection method; (3) total number of AGNs expected in 15 deg2; (4) number of AGNs we aim
to observe; (5) number of requested fibers (the number in parenthesis represents the expected success rate of AGN identification, i.e.,
NAGN/Nfiber); (6) exposure time (hr); (7) fiber hours.

The wide wavelength coverage of PFS will enable a con-
sistent and uniform MBH estimation with the Mg II line
over the range 0.5 < z < 3.5, and will provide a unique
sample for cross-calibration of different lines, such as Hβ,
Mg II, and C IV, commonly used for MBH estimation.
We will observe a statistically robust sample of BL

AGNs at 0.5 < z < 4, and will establish the fundamen-
tal, bivariate distribution function of SMBH mass and
Eddington ratio with unprecedented accuracy, at least
∼2 mag deeper than previous studies (e.g., Bongiorno
et al. 2016). At z ≥ 4, we will try to uncover all, or
a significant fraction of, BL quasars present in the sur-
vey fields, down to the limiting magnitudes of the GE
and Cosmology surveys. Such quasars are much rarer
than lower-z quasars, and hence relatively little is known
about their properties. The identified quasars will be
used to determine the faint end of the quasar luminos-
ity function, reaching to ∼2 mag lower luminosity than
accurately known today (e.g., Ikeda et al. 2011, 2012).
We will also use them to measure auto-correlation func-
tions, and thus the properties of dark-matter halos of the
quasar host galaxies. On the GE field, target selection
will be performed by combining photometry from the
CFHT Large Area U-band Deep Survey (CLAUDS), the
HSC survey, and the deep near-infrared (IR) and Spitzer
observations. We will mostly rely on the HSC photome-
try on the Cosmology survey field, and limit the selection
to z > 4 AGNs, given the lack of u-band data.
Obscured AGNs: The above BL AGNs will be comple-

mented by samples of optically elusive, obscured AGNs
selected at other wavelengths. On the GE field, we will
use archival X-ray data to identify AGNs in HSC-Deep
galaxies. We will also construct a mid-IR 22µm flux-
limited sample, using the “AGN wedge” selection (Stern
et al. 2012; Mateos et al. 2013), with the Wide-field
Infrared Survey Explorer (WISE) data matched to the
HSC-Wide catalog. This sample will allow us not only
to measure mid-IR AGN luminosity function, but also
to investigate other statistical properties of the dust-
obscured population, such as clustering and the covering
fraction of the AGN dust torus. We will also target sub-
millimeter galaxies (SMGs), which are known to host

AGNs with very high frequency (e.g., Alexander et al.
2005). Such AGNs may represent the most active phase
of SMBH growth after galaxy major mergers, hidden be-
hind a thick veil of dust. We will exploit data from a
James Clerk Maxwell Telescope (JCMT) SCUBA-2 sur-
vey over the HSC-Deep fields, which will be carried out
by our team. (Y. Tamura et al.).
Radio AGNs: We will probe the later stage of SMBH

growth by selecting AGNs at radio wavelengths. Ra-
dio AGNs are preferentially hosted in massive galaxies
with massive SMBHs (e.g., McLure & Jarvis 2004), and
are often found in galaxy over-dense regions. As such,
they may be a good probe of the earliest massive struc-
tures, or progenitors of local galaxy clusters (Miley &
De Breuck 2008). We will select those AGNs by cross-
matching the HSC-Wide and the Faint Images of the
Radio Sky at Twenty cm (FIRST) Survey catalogs. PFS
spectroscopy will provide accurate redshift information
for these sources, and thus will allow us to identify, and
measure the luminosity function and clustering proper-
ties of, radio AGNs out to z ∼ 6.
We note that the mid-IR, sub-millimeter, and radio

AGN candidates described above may overlap partly
with galaxies targeted in the GE and Cosmology sur-
veys. However, since we will target only ∼1,000 objects
of each type, this overlap will have a negligible impact
on the targeting plans of those larger surveys.
Narrow-line AGNs: The above sample will be further

complemented by narrow-line (NL) AGNs found in the
GE survey. They appear as normal galaxies in the HSC
and other imaging data used for PFS target selection,
so will be included as a part of the GE galaxy sample.
More detailed description of NL AGNs may be found in
the GE survey document.

2.2. Hunt for Missing Pieces of AGN Demographics

The unprecedented survey ability of PFS will also allow
us to discover extremely rare populations/phenomena of
SMBHs, which are currently considered as missing pieces
of AGN demographics. We will search for AGNs in
chemically pristine environments, which will be observed
as extremely metal-poor (XMP) AGNs recognizable by

PFS SSP survey: Galaxy/AGN Evolution

AGN science
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PFS SSP survey: Galaxy/AGN Evolution

• The current plan does not necessarily include everything... 

‣  Low-mass emission line galaxies such as Hα/[OIII] emitters at 

low redshift 

‣  Clusters are not target so much (cf. we expect >30 

clusters@z=1-2 with Mhalo > 1014 Msun) 

‣  Time domain science 

• We are welcome to include additional sample if it makes the 

proposal stronger
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PFS survey planning and simulations
orange: Cosmology 
blue: Galactic Archaeology 
red: Galaxy/AGN Evolution

As of Aug. 2018

Cosmology Archaeology Evolution

* Cosmology and Evolution include AGN 
targets

Fiber hour:  
number of targets 
× exposure time

For simplicity, the Cosmology ㉀eld is divided into 11 
sub regions

The total ㉀ber hours per program is 1.1M FHs
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PFS survey planning and simulations

Distribution of 
observing nights

•  For an ideal case of night 

allocation, we simulates the 

actual observing nights  

‣  Sep. 2021 - Sep. 2026 

‣  1 PFS run = 10 dark/gray nights 

‣  30 runs in total (=300 nights) 

‣  Weather factor = 0.7

• 1-hour obs. blocks 

• An observable target 

㉀eld assigned to each 

observing block is 

selected by "score": 

‣  Remaining ㉀ber 

hours 

‣  Visibility 

‣  WG progress 

n
ig

h
t

twilight startstwilight ends
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PFS survey planning and simulations

Low completeness in a 

part of "CO fall ㉀elds", 

"GA M31", "GE XMM-

LSS and DEEP23" 

because they are in 

crowded R.A.

We can achieve 

>90% 

completeness for 

each science WG

The average result 
of 20 simulations shaded region: ±1σ

Running 20 simulations 

by changing nights lost 

due to bad weather
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•Using a set of weights [wCO, 
wGA, wGE] for the score, the 
progress of a speci㉀c science 
program can be controlled 

•Strategy will be discussed in 
the collaboration with being 
led by "survey integration 
team" 

•We want to maximize the 
scienti㉀c outputs from the 
survey, but how to evaluate/
quantify the output?  

Evolu
tio

n p
rio

rit
ized

Arc
haeolo

gy p
rio

rit
ized

Cosmolo
gy p

rio
rit

ized
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Repeating the observing cycle connecting to each other

QA

Observation
Data reduction


(2D + 1D)

Fiber 
assignment

SPT?
ETS

ICSDRP

User 
interface

both on-site  
and off-site?

HSC DB

Database

Data archive

PFS survey procedure

Target 
selection

�21

PFS survey planning and simulations

Repeating the observing cycle with connecting to 
each component

ETS = Exposure Targeting Software 
ICS  = Instrument Control Software 
DRP = Data Reduction Pipeline
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•Targets 

‣  Galaxy/AGN evolution survey 

‣  12 different sample components 

‣  COSMOS galaxy catalog 

‣〜40 hour-visits per pointing 

•The number of galaxies assigned to 

㉀bers per visit decreases slightly in the 

end of the survey 

•The (㉀ber-hour-base) completeness 

reaches 〜80%

~80%

The number of targets 
assigned to ㉀bers

400 sky 
㉀bers

Completeness map

Growth curve for completeness

4 pointings (~5 deg2) 
simulation
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case1 case2 case3

case4 case5

~65%
~80% ~70%

~75% ~75%

• Different prioritization leads to different results 

• How do we optimize the prioritization? 

‣  Maximize the total survey completeness? 

‣  Minimize the target-to-target variation?

Further tests and 

discussion are now 

on-going
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How to be involved with the collaboration?

• We discuss how to get involve this project later 

• New science cases to make the survey stronger are welcome 

• Detailed process to call for additional targets is currently 

under discussion 

‣  Is the science case interesting? 

‣  Is the science case feasible? 

‣  Does it ㉀t with the story of the proposal? 

‣  Does it ㉀t with the current survey plan? 

• If you have some thoughts, please let us (PFS people) know 

• We have prepared some tools for your idea
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 https://github.com/Subaru-PFS/spt_ExposureTimeCalculator

•  The project of㉀ce presents information on the baseline of performance 

‣ summarizing the instrument throughput and the expected sensitivity 

and presenting them on our of㉀cial website (https://pfs.ipmu.jp) 

‣ providing a package of exposure time calculator (ETC) and spectral 

simulator on GitHub

ETC and spectral simulator

https://github.com/Subaru-PFS/spt_ExposureTimeCalculator
https://pfs.ipmu.jp
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PFS performance
PFS Expected Performance Summary 13

Spectral arm Wavelength range Throughput Continuum sensitivity Line sensitivity
[nm] [%] [AB mag] [10�17 erg/s/cm2]

mean representative mean representative

380 - 450 14.9 22.0 22.1 2.9 2.8
Blue 450 - 550 24.5 22.4 22.5 1.5 1.4

550 - 650 23.9 22.1 22.2 1.5 1.3

630 - 750 29.1 22.2 22.5 1.2 1.0
Low res. 750 - 850 30.1 22.0 22.4 1.1 0.9

Red 850 - 970 27.8 21.6 22.1 1.2 0.9
710 - 775 26.4 21.6 21.8 1.3 1.1

Mid. res. 775 - 825 28.4 21.6 21.8 1.1 1.0
825 - 885 27.3 21.5 21.7 1.2 1.0

940 - 1050 17.9 20.9 21.5 2.0 1.3
NIR 1050 - 1150 19.5 21.0 21.4 1.6 1.2

1150 - 1260 17.1 20.9 21.3 1.5 1.2

Table 7: The limiting magnitude for a continuum and the limiting flux of an emission line. A point source
is assumed.

Spectral arm Wavelength range Throughput Continuum sensitivity Line sensitivity
[nm] [%] [AB mag] [10�17 erg/s/cm2]

mean representative mean representative

380 - 450 14.9 21.7 21.8 3.8 3.7
Blue 450 - 550 24.5 22.1 22.2 1.9 1.9

550 - 650 23.9 21.8 21.9 2.0 1.8

630 - 750 29.1 21.9 22.2 1.6 1.3
Low res. 750 - 850 30.1 21.7 22.1 1.5 1.2

Red 850 - 970 27.8 21.3 21.8 1.7 1.2
710 - 775 26.4 21.3 21.5 1.8 1.5

Mid. res. 775 - 825 28.4 21.3 21.5 1.5 1.3
825 - 885 27.3 21.1 21.4 1.6 1.3

940 - 1050 17.9 20.6 21.2 2.7 1.7
NIR 1050 - 1150 19.5 20.7 21.1 2.2 1.6

1150 - 1260 17.1 20.6 20.9 2.1 1.7

Table 8: The limiting magnitude for a continuum and the limiting flux of an emission line. An extended
source with reff = 0.3 arcsec is assumed.

result in an actual observation and the ETC expectation happens frequently. In general, observed results
are degraded compared to the expectation from the ETC, especially in NIR wavelength region, partly
due to the di↵erence in weather conditions and also sky subtraction in the data reduction. To make the
survey plan more feasible, it is important to know what the possible degradation is expected to be. For
now, it is di�cult to predict the cases for PFS but we can evaluate the di↵erence empirically by using
data with existing instruments.

As an initial attempt, we use actually observed data with Keck/MOSIFRE and compare them to the
ETC expectation. We use the MOSIRE data of 6 galaxies at z ⇠ 2 [5] and the calculate the expected
S/N by using the MOSFIRE ETC with the same condition (exposure time, slit width, and seeing) in the
observation. The slit loss due to the extended structure of galaxies can be taken into consideration by
using the e↵ective radii convolved with the seeing size. Figure 16 shows the comparison between the S/N
expected with ETC and the measured S/N. The actual measurements is generally lower than the ETC
expectation by a factor of up to ⇠ 0.8.

*1 Here a point source is assumed 

*2 For continuum, 3-pix binning along spec. direction is applied 

*3 The representative value at the wavelength free from OH line 

*4 The average value in the wavelength window 

*5 Seeing FWHM of 0.8 arcsec. is assumed

Sensitivity:  

Continuum 〜22 AB 

Line 〜10-17 erg/s/cm2

https://pfs.ipmu.jp/research/performance.html

5σ sensitivity for 1-hour exposure
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PFS survey simulator

•The simulator is open 

for the collaboration 

•Python + Jupyter 

notebook running on 

a remote server

https://pfs.ipmu.jp/jupyter-

spt/notebooks/example/

example_end-to-

end_simulation.ipynb

PFS account is required

If you are interested, please 

let us know
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PFS survey simulator

import module

•The simulator is open 

for the collaboration 

•Python + Jupyter 

notebook running on 

a remote server

https://pfs.ipmu.jp/jupyter-

spt/notebooks/example/

example_end-to-

end_simulation.ipynb

PFS account is required

If you are interested, please 

let us know
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PFS survey simulator

Set parameters

•The simulator is open 

for the collaboration 

•Python + Jupyter 

notebook running on 

a remote server

https://pfs.ipmu.jp/jupyter-

spt/notebooks/example/

example_end-to-

end_simulation.ipynb

PFS account is required

If you are interested, please 

let us know
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PFS survey simulator

Run!

•The simulator is open 

for the collaboration 

•Python + Jupyter 

notebook running on 

a remote server

https://pfs.ipmu.jp/jupyter-

spt/notebooks/example/

example_end-to-

end_simulation.ipynb

PFS account is required

If you are interested, please 

let us know
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Summary

• PFS SSP survey 

‣  Cosmology survey 

✓ 〜1400 deg2 of the HSC-wide ㉀elds 

✓ Precise measurement of cosmological parameters and 

constraint on the neutrino mass hierarchy 

✓ Competitiveness to other large surveys 

‣  Galaxy/AGN Evolution survey 

✓ 〜15 deg2 of the HSC-deep ㉀elds 

✓ Understand how galaxies form and evolve along the cosmic 

large scale structure 

✓ Many science cases have been discussed so far 

• Survey planning and simulation are on-going 

• Some tools have been provided for your own science


