SUBARL@TME@DCUS@DECTROGRAPH

“PSF” (PomtSpread Functlon) is crucial for "PFS™ indeed!

Overwew current status and future perspecnves
' of upcom/ng /nstrument on Subaru Te/escope
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Upgraded Subaru Prime Focus. wuth
Hyper Suprlme Cam (HSC)

o A Largest Camera %
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: The hlstory of
Subaru Prime Focus ﬁeld of view

The full Moon ' e i
' L}' ~0.5 deg diameter ' < '

N <\
Suprime-Cam Suprime-Cam :
First Light Full operation Hyper Suprime Cam

(Released Jan 1999) (Released Sep 2001) (Released Jul 2013)

~ Courtesy of M. Takada. (I.PMl.Ji)'-
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uMI- project

Measurement of Images and

" Exploiting the Iarge Ilght collectlng power ‘_
of the Subaru TeIescope & W|de ﬁeld at |ts

Sa metelescope ’
Same patches of sky

L Clean target selection by deep photometry '
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Spectroscopic information on top of
detailed studies by eep & sharp images



PFS Fast facts

* Suba ru rime  ocus “pectrograph: et
The spectroscopy part of the “ Re” project.
~ Wide field: ~1.4 deg dlameter ' .
% High multrplluty 2394ﬁbers |

» Fiber dlameter ~1.05 arcsec

e Fiber posmoner pitch: "’85 arCSec |
‘* Minimum fiber separatlon ~30 arcsec o

. — Quick fiber reconﬁgura’oon " “’60— 720 sec (T[

1.5

* Dynamic survey strategy is- ailowed

— VIS-NIR coverage: 380-1260nm s:multaneously
* Low resolution mode: ~¥2.5 A. resolutlon | ‘
e Medium resolution mode (around 800nm) ”1 6 A resolutlon :

* Aiming at start of science operatlon & survey program in
2020, as a facility instrument on Subaru Telescope



The updated PFS collaboration
Scientists & IR ‘v geuntries are co-
working for | TS i

LAM\.

LABORATOIRE D' AS“OHIYSIW!

JOHNS HOPKINS

e tronomicn o UNIVERSITY
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PFS _su_bsy-stem s distribution

Fiber cable

... in Prime focus unit
“POpt2” with Wide Field
Corrector “WFC”.

Calibration system [

Software system Prime Focus

Instrument

Fiber connectors

Spectrograph
system (SpS)

On the TUE floor | i Wide-field
: correcter

a spect g T - This takes an image of the prime focus
S A & with the fibers “backlit” and measure

« & their current positions: Key part of
(B jterative fiber positioning process

Metrology camera
as a Cassegrain
instrument




Prime Focus Instrument (PFI)
Sits in the prime focus unit “POpt2” and inéta'lled to the télesc;O"p;e '

* Fiber positioner system |
Acquisition & Guide (AG) camera }/;/slrégz(&sé?AH .
Fiber cable: “Cable C” & fixed fiducial fibers - ;

Fiducial fiber illuminator Caltech-JPL
Field element (cf. Filter+dewar window@HSC) | LNA
Cable wrapper ASIAA

HSC builder’s blog
http://anela.mtk.nao.ac.jp/hscblog/builder/
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Iterations

Fisher+ (2014, SPIE)
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| 'Sp‘eCtkogréph'S_ys'tem (SpS)

1 module = ~600 fibers [E “Redn : ,\ -

S e @LAI\/I (W|th red |
AMBIENT FIRST LIGHT -)  camera only)

4 modules = ~2400 fibers
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LR N S 8 AR | ! e & :

R %ii:i::ﬁ;:?i'F*:’rEFzﬁ’aHiiﬁ;ﬁ'ﬁﬁ e 2 (By F. Madec [LAM] at the PFS
i o g collaboration meeting in Dec 2016)
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PFS system PFS system

Software Software

Subsystem Subsystem

~ “Flowdown/Cascade of N
requirements/specifications”

-Peru-ct'io’h, ihfeqfdtion & test

Parts, tools

Software

> Time_ '




Logistics for PFS sy_stem integrati on

I Dewars & detectors B8

— _ . Fiber positioner
o Spectrograph

system 13

* % Prime Focus

A% Instrument e Focal plane
z‘ - fibers

Nk

Metrology
Camera System

B cable (“Cable B”) '
Fiber slit S '
e Systems engineering is clearly the key

«  Parts/components/subsystem will be validated at: each Slte before thelr dellvery '_
to other places for higher-level mtegratlon & ﬁnaIIy to Subaru. :



Now at subsystem mtegratlon

Test uncovers many th/ngs

How should we fight?? A

By collaboration! - additional FRD in the fiber

connectors
m “

—In the final validation of
updated mating strategy

* Thermal issues of the camera
cryostat (Youtgassing e.g. due
to less optimal surface finishes) |

= Tests under way to confirm |
the improvements

\ b B




PIannmg of PFS survey program |

. Subaru Strateglc Program (SSP) e
2 —HSC SSP has been progressmg smce 2014 _- o
e "'300 mghts out to "'2019 e

—PFS SSP: A proposal ("'300 360 nlghts) isin
. preparation..

* Timely start taklng over the HSC SSP S
* A survey program W|th the three p|IIars :

(XAermic é)unl”h AR nﬂ Al l)nrl/ Cortar
IV o O ANa & ’

Galaxy & AGN Galactic

evolution Archaeology ¢




PFS cosmology component

s 400 deg of the S€. survey field_s 2

* Cosmic acceleration o | Targeting [Oll] emission
 Dark matter o
* Dark energy .
*| Neutrino mass |MI{{{s

* HSC “+” PFS

— 100 A PFS-red (82m>
A, 0

i “\\\\\\\\\\\w
oo S PFS-NIR (8.2m)

* Clean target selection . ——o
e Joint analysis (e.g. lensing o A
vs. clustering) )
A

16 1.8 20 22 24
Prof. Takaaki Kajita (ICRR/IPMU) Ishift z
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PFS galaxy & AGN evolution component
HSC “deep” ("'25 degz) & “ultra- deep” (~3 deg?)

Pr/or/t/zmg ~15 deg? where NIR data exist already in -
parallel to efforts for full coverage S

1 0.09
1 0.08
1 0.07
1 0.06
] 0.05
1 0.04
. . 2 2 { 0.03
i --- - — VIKING — VIPERS @ @ PFS Fornax
HSC-Deep VVDS O O PFS Sextans
SRR HSC-UDeep V¥ V AEGIS ACT access 1 0.02
: GAMA — PFS MW ACT 2014
XMMLSS O O PFS Ursa B HSC-Wide ] o001
DEEP2/3 O O PFSSculptor W PFS M31

——— _—
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A’LAXY FVOI UT’ON
400,000 M
Continuum-Selected ' thln COS”,?/C WEb
Galaxies '

| Y,
IGM tomography | 1/3 (

C V'

A

200,000 :
Dropouts
200,000
‘ LAEs

(e.g. Lee+ 14)

~ -2
Ho [OI1] [OI] Mgl Ly
Star formation Ionization Wind
rates Metallicity mas
Reionization

Courtesy of Jenny Greene (Princeton)



RS GaIactlc Archaeology (GA) component

<G =M Chlba
Smence ob|eot|ves - (Tohoku U.) -

We measure radlal velocmes & chemical abundances for a large.
~number of starsin the Milky Way and Andromeda to constrain the -
nature of dark matter and |ts roIe in. the formation of these galaxres .

z=11.9
800 x 600 physical kpc

« MW .dwarf satellites (Feb 'I‘\/Ia'y,' J'u.n Oot)
- — DM distribution, chemo- dynamlcs with [or/Fe]
" The M31 halo (Oct) e :

— DM/stellar halo structure, ohemo dynamlos
with spectroscopic [Fe/H] : :

et Diemand, Kuhlen, Madau 2006

— DMistellar halo structure, chemo-dynamics.

— Chemo-dynamics with radial migration, disk structure:




_ PFS Galactic Archaeolog

1000 miflion objects
10 kpc measured to I = 20

20 kpc
20kpc

PFS (8m)
oo TRl

>20 globular clusters
I%/Lyrgeomag accurate to 1 km/s

Many Jiousands of Cepheids and R

Dark matter in disc measured
* from distances/motions of K giants

. PFS {8m)
t’ ,« t“‘?.“, "' Py :!"
Dynamics of disc,
spiral arms, and bulge

Mass of galaxy{from
rotation curve at 15 kpc SUN

Horizon for-detection of
Jupiter mass.planets’ (200 pc)

Hornzon for distances
accurate to 10 per cent \

fart in 106 | 1 microarcsgb/yr = 300 km/:
(direcconnection to i

General remstic light-bending determined tg




Uniqueness of PFS  sye ki

(Caltech)

[ 6,=8km/s

Velocity
distribution

30 40 50 60 70 80 90
radial velocity

- [DEIMOS ..

Lo e

30 40 50 60 70 80 o Yo
radial velocity ]

50 60 70 80 90
radial velocity




[

Previous [0/Fe] measurements

with DEIMOS (Kirby+)

Q Previous RV measurements

DM profile

Tidal radiu

r.~ 76’

with MMFS (Walker+)

£l

M. Chiba

Tidal radius
e~ 71

PFS pointing
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Deep imaging (reaching HB) 49 37 _2n 197
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Color magnitude diagram

North-western stream

A o MW disk
iNeciss W AR | 150kpc R e ;
An&&kk@ : e R ' , o .
SR N\ R MW halo stream Komiyama
AndXXVi @ Andxvii 20F . - - . e .

el (NAO)J)

AndXX1'®

21

PFS targets

)

of s PP M31's Red Clump

26}
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Fleld tlllng and flber allocatlon

E?ZZ- Hayashi
= (IPMU >
,4|BHB in btwn MW and M PKU)

26

28 I ot Eaela il.l ‘ bli-‘ SO | z |
-15 -1.0 -05 0.0 0.5 1.0 1.5 2.0 2.5

g-i [mag]

Blank fiber 329
Selected
stars 4991 3291 2806 3378
Observable
SEEBEe 4957 3282 2799 3350
stars

within 12hr

47

N
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44

43

2572
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(only highlights)

PMU],
' Tools for scientists to:
* Proceed with detailed
survey design studies
e Commit to software
development

g 3
& NS T PMU],-

: f B

80

S - BN
* Survey simulations (Yabe) with: - oo e R PO

— PFS data model&otherforméttontrél ' - . - ’ Fiber
: QA 5 Database B allocation

(Lupton)

— Data quality assurance (Lupton, Yasuda) :

AR t Spectrum J :
: e simulation :




Subjec}t to bhanges-

Upd ated top-level schedule | *wimeens.

B Subsystem delivery to Subaru and re- |

, p— — integration & test ; :
“SM-N": Nth Spectrograph Module & % Op_EI’_G_i'I_OﬁfOI’ |
“MCS”: Metrology Camera System -Scient,:ﬁc se

“PFI”: Prime Focuslnstrument : SIVI 1A|T Mar e 3 B 2
“CAB”: Flber ‘Cable on Telescope & ( ) DEL SM 2 3 DEL SM"4_ , 3 %
_ : . DEL SM- 1 , (Nov), o (uph '
MCS pre-ship r'evieW (Apr?) (Feb) 3 CAB J SM-2, E 3 5A '
, sl S 1 (1an). AIT(Dec) SM-4 AIT
E\AA\B r)eVIew MCS (Jun) || : l(gf't )t » % '_ 1 (Aug)
ar . (Oct)| | :
27! i
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Telescope dowh time iy Feb SSP
% : e caII for
(~Oct-Dec for Ml recoat)= = & & Read’ness
| | - proposal  review in

Construction, integration & test of the subsystems ; _in 'f"Ju:n‘ ' Dec-Jan

System integration & test

Commissioning &
stabilization



—Fundihg-‘s:ituetion *

~* Not yet fully funded but making gfeat improVemehts
— In the total cost 'of $*80M, the shortfall is now $”3I\/I mcludmg =
contmgency (c f S"'ZOM at PDR in 2013) ' '

Recent mputs

— The Murayama, Takada Komatsu et al’s Grant-in_-Aid for‘ Sr e
- Scientific Research (?—H_J)t %%ﬁ%m) | | o
> $~1.8M for the PFS NIR cameras over 5 years from 2015.

-~ — The Chinese consortlum Jomed |n Dec 2015 - +US$5M
= The PFS US team had NSF MSIP approved in Aug 2016.

— The Max Planck consortlum evolved W|th MPE in Nov 2016 = 2
+USS1.5M. e

“Meaningful” cost increase .

+ Continuing fundraising efforts. -



.~ A summary about PFS -
The proj'ecfc CoDR ih 2_:01_'2,,'_PDR in 2013, and - _
subsystem CDRs in 2014-2015. =

Now construction, integration and test are under
way at the subsystem level. B |

Aiming at é’hg'in'ee'jr_ih_g _(')_bser\iation from <"’early- k
2019 & scienhce operation from 2020,

X bl . e . , PFI focfal p/ané
The funding situation has greatly-improved. :

Cryostat

- “Cobra” positioner module

"

Integration ! « ‘ | 8 > <Rw
Survey planning is underway to be proposedasa
Subaru Strategic Program for cosinolon ",__ga!axy/ R
AGN evolution & blogy: - &
Enables Subaru to be a world-leading faci'li_t'y out :

to the next decades through effective synergy
with TMT, LSST, JWST, Euclid, WF/RST,.e'tc._”

“Cobra” enginéering
model module

i; =

* Individual “Cobra”
- _positioners



