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PFSD#ZEi#&: WFMOSH SPFS
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The growing PFS collaboration

Scientists & engineers in Japan & other 6 countries are co-
working for instrument development & survey planning.
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Funding Support

CPPC, NEPG, MPA, MPE

Hitoshi Murayama
(Kavli IPMU)

PFS Collaboration PI

Steering Committee
Representatives of member institutes

Director of Subaru Telescope
Representative of Subaru community

PFS Project Office

PM/SE: Naoyuki Tamura

PS: Masahiro Takada (Kavli IPMU)

Science Team

(Kavli IPMU) Richard Ellis (UCL)
| I
Cosmology WG Galaxy Evolution Galaxy Archaeology
Co-chairs: Makiya WG WG
(ASIAA), Chair: Greene Chair: Chiba (Tohoku)
Sunayama (Nagoya) (Princeton)
] | | | | | | |
Fiber System || Fiber Positioner Prime Spectrograp Detector Metrology System Data
USP/LNA Caltech/JPL Focus h &Dewar Camera Software Reduction
Instrumen Optics/AIT PU/JHU ASIAA IPMU/PU/Sub Software
t LAM aru IPMU/PU/N
Caltech/JP AOJ/LAM
L/ASIAA
Observation Databases
planning software NAOJ/JHU/IPMU/P
MPA/MPE/PU/IPM U
U




Prime Focus S peCtrOg rap h Prime Focus Instrument (PFI)
PFS) T

Spectrograph System (SpS)

will be come a
Subaru-facility
INnstrument

Fiber positioner “Cobra”

\ W ~2400 robotic positioners (fibers)
Metrology Camera System (MCS) $} F..

g e 6






Competition

P ® B ole
Telescope Subaru (8.2m)  WHT(4.2m) VISTA(4m) Mayall (4m) VLT (8.2m)
FoV |.2 sq. deg. 2 sq. deg. 4 sq. deg. 7 sq. deg. 0.14 sq. deg.
Wavelength 0.38-1.26 0.4-1.0 0.4-0.885 0.36-0.98 0.64-1.8
Multiplex 2394 800 800 (low-R) 5000 1024 (512 for
800 (high-R) objects)
Resolution R~2,000 (blue) R~5,000 R~5,000 R~3,000-4,800 R~4,000-6,600
R~3,000 (red) R~20,000 R~20,000 R~9,000
R~4,000 (NIR) R~20,000
Fiber diameter 1.1” |.3” |.4” |.45” 1.05”
Sci. op. start 2023 2021(?) 2023 2021 2023
Survey ~300nights S5yrs+5yrs nm 500 nights m
Science Cosmology GA Cosmology Cosmology Galaxy Evol.
GA Galaxy Evol. GA GA GA
Galaxy Evol. Galaxy Evol. Galaxy Evol.
Synergy HSC Gaia Euclid Gaia Gaia
T™MT eROSITA(X-ray) LSST E-ELT
LSST/RST/Euclid Gaia

cf. Euclid (ESA): 1.2m, 2022-, Roman (NASA): 2.4m, 2026-, LSST (imaging): 6.5m, 2024-




SHEBARICAIHNARSZDN ? VRI AV

MR - =B DBAE(L

- Pl: NWEA. PM/SE : EBFf = AL Science WG: &H&Richard Ellis
— Kavli IPMUNDEEEEEERE] (~50%) DT, EEEFTBAERIIED TL\D

MoU. HEHAENRY —DXEL

BI\—hkF—EDMOU, F[EBFrkEDMOULE
BARMEERE. BAR/I(RR—bZF>TLBAREERIETHSN

BADIN— ~ F—HRETIEIPIOEIC ER, BPIC4ANFTTDjunior
scientists (Pl=senior scientist with data rights)

108 o700y ok (LHHSITERERRRE) DT, [AH. BR. 2
M. EmADNRE, HhOREBWIC, (FHSADKR—OISE)

BN TER U BFHEEN non-PFSIERS ICEEN T DI5EDT —FIE
DERDRDIRE

I35 —-YaVDEEN (BESE. F2FEE. wiki) o HIIBEYARF)
RETODERAROBEM (IPMUNBT=DIFREL)



We just had the collaboration meeting at Caltech for Dec 9-13, 2019
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PFI (Prime Focus Instrument) of PFS at Subaru summit

e 5/14: #iERILE 21— (5/25 @@ AR

e 6/23: TIXBILTEEIE

« 7/15: PFI @ POpt2 ~M & . Yo Lk ER

« 8/18-23: PFI Z& POpt2 [CHEHL-IKRE T, TUEOpt B TH = (Z L5 BR
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* 4 sub-cables (#1, #2, #3, #4) each of which connects a subset of PFS /j'-é_?. F UV LL \ot'g;?f
fibers on PFI with a spectrograph module. R —_

* The 1st one (Cable B#1) has been on the telescope since Feb 2021. ﬁﬁ/ﬁl/’gy/“l ;/55.-7-

* The shipment of Cable B#2 has been approved on Aug 27 2021.

PFl : Prime Focus Instrument

* 9/13-26: PFI/MCS/SM1 test on the
telescope (during the telescope

downtime)

10/15-21: Engineering observation

11/17-21: Engineering observation

SpS : Spectrographs

Shipped
(from LAM
in France)

ShiQQGd (from
ASIAA/ASRD in Taiwan)

Fiber Positioner “Cobra”

Shipped (from ASIAA in https://pfs.ipmu.jp/instrumentation.htm 12

Taiwan) |



107 FERFREETRSAM () DE RN -+

e PFS DIFTE i
e BEMMGYRBYLGEIho=t,

F— LHEEENCRKITELZ Y,
F-hENEELTEFZE->TLS .,
e A2 =TFT«IZMIFTT,

i

(*) 2010 FEEM S PFS [THED YIRS . O IFNER R EL-D
IV ATLRIVUOZF7ELT 204 ENLITORTLAIY
OZTEFRELDDTOADIIMNIR—I—EL T PFS DBFICHE
HoTLVET,




BENNGEY BYEh o114,

e Contingency 1A T#J $20M DA E(PDR HAF),
- ZORODARMEFZEDHHELHERYTH I DT,
— [PFS RKYIZTEADN ? 1ELVSIEEEEDRWLELLY,
e JRMIYFDEAIT—BEYRLLT=,
— Descope *° deferred delivery £ HAE/BD P I F=>1=
AR
- MEYDRRAEEIHYIZOXOEINELY,
- XD + PFS OB OFBIE/N—rF—DSMEEEEL>TET?
— {BEBTEFTTIEEL, EHRDESZYELKUNMIERE,
o [IEEI7—ANITEZHEL ELVDORER,
- FTITEEMHREERT V21—, ZEDRIZFE,
— Steering Committee Mi>M 100% DIBFE LT IFDEH LI,

14



REDETHE > PFS is now fully funded!!

2014.09 MPA D A0A 3.5M
2015.09 HF MR ERR ~2M
2015.12 FE PFS a2 —> 7 L(CPPC)AIA 5.45M
2016.08 CPPC [214:E0M A 0.45M
2016.08 NSF MSIP 4R ~3M
2016.11 MPE ®OA0A 1.5M
2017.04 7 A)AEERRE PFS EE(NEPG)D N A 3.2M
2020.07 Kavli IPMU BN E 0.9M
2020.07 CPPC, NEPG [Z14 3 DBMMA 0.9M
2020.10 FITE B EE B E IR ~2M
2021.04 Kavli IPMU 2021 £ PFS FEE 5 ~1.6M
2021.07 ASIAA, JHU, Princeton, Max Planck A% US$0.7M3 DME  2.8M

MEEBIZEEEIIRALGE TH- =B HENSDEMH
BEND—IRELTD

C UL [EFFICILIEEELIED ERITDEL TEDHDE T,




F—LHEEIZENGEKITFETHAH,

« BAXRZEDH7HE, 20LL LDEIIHEE,
« S3HFITCHALEITIZ4DDYITLRTLE
FIEBICEIT. a3y a= o995,

Spectrograph
system

a)

Prime Focus
Instrument

Metrology- .
Camera System

The growing PFS collaboration
Scientists & engineers in J'apah & other 6 countrieé are co- .
workmg for mstrument development & survey plannlng

North East US group (NEPG) ?hmumm —

N On-telescope fiber ! ‘
cable (“Cable B”)

Dewars & detectors [

=g Fiber positioner

University o / z L e—

Mrelxls‘;efiles}ll\},setts Y B N A o

........ C

By . <y Spectrograph

‘ g system 1

-

4 Prime Focus
Instrument

i

%
\-‘,‘(;’ ., |
Metrology ) L
Camera System Ml .

/‘, On-telescope fiber "
cable (“Cable B”)

Focal plane
fibers

PRINCETON
UNIVERSITY

JOHNS HOPKINS

UNIVERSITY

»

NACIONAL DE ASTROFISICA =

Fiber slit

Chinese consortium (CPPC) i f"\'

Systems engineering is clearly the key.

Parts/components/subsystem will be validated at- each site before their dellvery
to other places for higher-level integration & finally to Subaru:
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F— LA AR 1N EKFHETHIE.

EELEYL. EEREOENLBERLENAADTTO—FOEEL,

i

H LAM in France
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LNA in Brazil |Ess
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F—LHEEIZENGEKITFETHAH,

e VM-I ulRIFITIX, £FEF-THIIZED ., DIEYRL,
- WEZTE-T.EiH. Bam. TT-5EMo
o HEWHE BTHIERRE. I/F HIERZFXLLAA. MB-ZHOEERELEE
[ZH(+5 formality DEEL., FR . EB XZIRIZHT=5,
e EHZZETRYLITNIEREEMFET S, BADZER. REMNTEALT
M. FARZEZESITEHLLY,
- TEHLEITEBEZLTHEEICERD .
o =EEEEIEVLLDITIFEL, HESZDEN. ECETEHRA-BEE T, XEIE
AIMEBRFEICL . EREHHEEEYDDEL. BORNIZIZFEIZKT LT S,
o F=MMEEE, ShERE, BICIBLSI&YEELEBEMICEIELT,
- ®TRRE—IK,
e YAITUR, KXER. EXEM., $AERER. I/F, \L—FA T, BAE- 2249 - -
o RDEIMNEENDADNEIZERETRILT—TILICWSEEADEITIEHDHY),
® L\ZD/\de::&hﬁﬁgi-a_o o o
- $B55A.1mm THEEBRYLTFZI T THIORETRITRE, A\, EF
[CITFEFBIZHLLSFEFLNDLENZEDANZILNDMIRE(ELNDITNT B),
o LWAMZIELWW T O aVZEIEIZT HMNAKRE !
e Formality & flexibility D@EYE/NTURAELEE,
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7 Ho TS,

(Left) Tomomi Sunayama
Cosmology WG co-chair

(Kavli IPMU 2) &2 B K=

(Ritht) Ryu Makiya
Cosmology WG co-chair
(Kavli IPMU —>) ASIAA

: ] . _Q\ ] YV
e (Left) Yuki Moritani
Commissioning work coordinator '

(Kavli IPMU =) 7\7J A 181 Fr B %

* (Ritht) Kiyoto Yabe
Survey planning coordinator
Kavli IPMU




O3 =T4—IZMITT,

[)—RILTaZa=TAIZ@HHEDZDM ?
- PFSHEYZFET,

— PI, Project Scientist, Project Manager, Systems Engineer,
Commissioning/survey planning coordinators ...

> Gopira [ PFS &) —KL71=a32=74T9,
- YAIVRIZ. FTEBIDORBDA—FIZ, EAEAFTRZT !

.)\~1;T =] ﬁﬂZ E%Efﬁé o A s g .
— 7|:|~/17|\F'Eﬁ0)$§0)’_)7‘;75§£)0 : *ﬁo)gtﬂth‘t)o K%f;*¢%ﬂﬂo g
- TRvrorEBaEAEGRES [ g

fEY s ~7
- C project

BER7 FELFREUAE o ok

‘EIfEH N TEERSIE 520205 |8

K DI EFRIMERE” ' A project _—
E*T PFS 7 l/t/ - Link ' -E'g/;LMA+TMT'

_« NAQJATC -

BA-<— vk


http://gopira.jp/sym2017/204tamura.pdf

PFS Science WG

Science WG co-chairs: &H, Richard Ellis (UCL)

3DDYAIYRDIE

- Cosmology WG: §—90IXRIF¥—, Za—KU/EBE,
Ryu Makiya (ASIAA), Tomomi Sunayama (Nagoya U.)

— Galaxy Evolution WG: fRja b, RADME,
Jenny Green (Princeton), Rachel Bezanson (U. Pitt),
Masami Ouchi (U. Tokyo/NAQOJ), John Silverman (IPMU)

— Galactic Archaeology WG: ¥ —0 345 —. KODJI|IRIDEIR - A
NiIB,
Masashi Chiba (Tohoku U.), Judy Cohen (Caltech),
Rosemary Wise (JHU)

PFSIC&ML TL\BH%EE : >400 scientists

ERICTHSITEXT

21



AINKEN?KEDEAD. AT

&
N

AZ—DREEDREAN (LFREF. multiplex gain)
PEDHALAIIVRANEE |

BADMAENBNOERZ (BADFTEIIC) WELTHSNULIEWLWER

ZDYUATIVR - JAOIVITORHL?
10U EEFHEIT DA IVRN? (DD DPT LA ?)
BR#EH. X0V O ~EDHEY

WPFSY — XA DEEY ATV R

HSC+PFSIC K B3HFENT IR

FER P—OIRILF—. Za—KUJES) . RBEL. RUEFE
ZEUEE. FEDUYAIYR (FHi\) vs. ZRRGUAIIVR

(&% : Simon White, arXiv:0704.2291)

Science WG co-chairs (BH &Richard) DR : #&., ;FExF+—T L.
BRI LANILDER

IR)EE) : PFS-SSPT7ON—YI)LZEE LF. PFSF—LDMKFE L IEHNER
BEZBICLE1—ZKE
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https://arxiv.org/abs/0704.2291

IRPFS-SSP7ONR—TILO ST b (F—XAHIBIZ2023FEH5)

DRAFT VERSION May 17, 2021
Preprint typeset using I&TEX style emulateapj v. 01/23/15

COSMIC EVOLUTION AND THE DARK SECTOR: A PFS SSP FOR THE SUBARU TELESCOPE

Tue SuBarU PRIME Focus SpEcTROGRAPH (PFS) COLLABORATION
The full author list is given in the Appendix
Draft version May 17, 2021

ABSTRACT

We propose a large-scale survey with PFS to address fundamental and important questions in the dark sector
(dark matter and dark energy) with significant implications for cosmology, galaxy evolution and the origin
of the Milky Way Galaxy. The unique wide-field and massively-multiplexed spectroscopic capability of PFS
will maintain and strengthen Subaru’s world-leading role in cosmology and astronomy for the next decade.
Our experienced team of astronomers from Japan and the international community has developed an ambitious
360 night survey to be undertaken over 5 years which fully exploits the unique capabilities of PFS to address
outstanding questions relating to the history and fate of the Universe as well as the physical processes and role
of dark matter in governing the assembly of galaxies including our Milky Way. We commit to fully reducing
the data from this landmark survey and making it available to the global astronomical community in a timely

manner.
Assembly hi |
. ssem 1Stor
Testing ACDM Y DISOry Importance of IGM
of galaxies

o) * Nature & role of neutrinos * PFS+HSC galaxy association * Search for emission from stacked
[§Y © Expansion rate via BAO up to z=2.4 [+ Absorption probes with PFS/SDSS spectra

* PFS+HSC tests of GR QSOs around PES/HSC host galaxies |, dSph as relic probe of reionization

* Curvature of space: (Jk * Stellar kinematics and chemical feedback
g * Primordial power spectrum abundances - MW & M31  Past massive star IMF from element

* Nature of DM (dSphs) assembly history abundances

e Search of MW dark halo * Halo-galaxy connection: M, /My a1, |* Physics of cosmic reionization via

, ] o o * Outflows & inflows of gas LAEs & 21cm studies
* Small-scale tests of structure growth . © ) .
* Environment-dependent evolution * Tomography of gas & DM




AINKEH ? ETEH. ETED

2010FPFSEEZEH. BIIC~S1IOMDEETRE (RREYICIX
~$20MIZEDARE) : ~$80MEtE
EEIZZI'\/\HE}:%

- MPA/MPE. Chinese PFS Participation Consortium. North-East
Participation Consortium (AtKDHHAEE) OSSN0

- (BZXIF) Hawaii IFA+EUDTIL—T M, PFSU A TV RZ8#(CERCTO
MN—YILDRBEE /P, EHPFSF—LAICFTE

BHAE DES

- 2015-19 #MFMARBEE (IHRFE : AR HW=A. PFS S8)

- 2020-24 FMA R R (9“—979— A&k MlishA. PFS &H)

- DHDPITVWTAITYR, ARBGE .

- XBENOEBEHNT (TEB2) .

- FUHICEEZINETTER/TETCLD
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sRrd., JSA-_T A ICEAFFI DI L

2IEPFS-SSP(CELTL7ZE LY (HSCTHILLWEIFBWETH)
A IVRICEEKROHBDAITRLUWND (35 &)

InfrastructureBEEAO Y /N —FRE (PM/SEBN=A+PO)

- EBRRE. N1 TS50 VR, AR (F TR, U—X1518. RADER. B
Y0OT1ED (software infrastructure) HBRH TEE

— HSCDfl : S1I9A HSCE AL Y X(ERAFAR) A5 OT (F. IPMUDKEREAE
Xiangchong Li. BEHS A(BK)POITIER

- Kavli IPMU = #/%2Fr. NAOJ=KZH[EFBHLRS

- B RATERUEHAEZEEZIZI 2 2T 14 DB, ROFFBICEN D, Hl. BRKTIE
DES, KIiDST/ERE U/ctAR B (FESHERZSS (LSST, Euclid, Roman)

PFS-SSPEHEFIBDERIL—ILED

- I7AN=YT7DIL—IL
- VILFRXYy LY I v —RXZEFRDPFSOE!

HSC+PFSDF—%. A5 0JDPDR (NAOJEBF
- RXZOLAY—WFT -5 %R (B : SDSS, Gaia)
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HSC _ Hyper Suprime-Cam Subaru Strategic Program °

Lo o a3 . 2 2

HOME * SURVEY 'SCIEN‘CE INSTRUMENT  PIPELINE ‘CODE OF CONDUCT  PUBLICATIONS  GALLERY

FEZT ﬁ%:\i

{’dﬂ,d)’\ﬁtc_% i__s ible)

JOB OPPORTUNITIES

DATA RELEASE

%ﬁbtﬁib;j

Publication of the Astronomical Society of Jépan

| Impact Factor of PASJ (2001-2020) |

MOST CITED

Cosmology from cosmic shear power spectra with Subaru Hyper Suprime-Cam *
first-year data

Chiaki Hikage et al Hlka%e Oguri et al. 2019 ’

Publications of the Astronomical Society of Japan, Volume 71, Issue 2, April 2019, 43,
https://doi.org/10.1093/pasj/psz010

We measure cosmic weak lensing shear power spectra with the Subaru Hyper Suprime-Cam (HSC) survey first- 1970
year shear catalog covering 137 deg2 of the sky. Thanks to the high effective galaxy number density of ~17
arcmin-2, even after conservative cuts such as a magnitude cut of i < 24.5 and photometric redshift cut of 0.3
<z=<1.5, we obtain a high-significance measurement of the cosmic shear...
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Second data release of the Hyper Suprime-Cam Subaru Strategic Program

Hiroaki Aihara et al.

Publications of the Astronomical Society of Japan, Volume 71, Issue 6, December 2019, 114,
https://doi.org/10.1093/pasj/psz103

This paper presents the second data release of the Hyper Suprime-Cam Subaru Strategic Program, a wide-field
optical imaging survey using the 8.2 m Subaru Telescope. The release includes data from 174 nights of
observation through 2018 January. The Wide layer data cover about 300 deg22 in all five broad-band filters
(grizygrizy) to the nominal survey exposure...

0 I I I I I
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REARFTBEOESTT (BANER

MLy TD5ERT 2030FKOU 1TV R, (BAhkdecadal
survey)ZRELTIE?

- BOOKER. 70V hZEENT, TA1IVREET,

— interdisciplinary (il : multimessenger, 2R &) ( EvOTF—9, BEH?

- HBDWNE. RXELERNWHYOT =M (Bl - Gaia) .
FNZERIRITIBCOHORBERTOVIY M ZEER (BRR. Tk, £8
vs. RSN L. 10FEEANTHE (FR. YV/I\D—) , D70
VIO, YAIVREHIEERIE,

FEHAIVR vs. 24

- TMT = 32 DER (Observatory + ZiFD1—H—)

- LHC: Higgs#i¥, Kamiokande/lceCube: neutrino, KAGRA: E /3%
DZI2ZFT 482 TIN\=R, VI Y1V RZYR—K

— KBEDHI : National Labs. (LBNL, Fermilab, ---) BN/\—K « YV DOk KENAMZE
H., Y11 IR, LSST: SLAC (DOE) vs. KZ1E

- NAOJERZDERIDZERNL. EEH LY ? Win-winBEHREDHEIZ L TLBH ?
KHN ADNSBDEHTNN (TIEB2DEE) . BOoERETESZH?
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