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Overv:ew current status updates and future plans '-
' of upcom/ng /nstrument on Subaru Telescope '
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Kavli IPMU, The Umvers:ty of Tokyo
PEFS prOJect manager |

INSTITUTE FOR THE PHYSICS AND

MATHEMATICS OF THE UNIVERSE
“Why does the Universe accelerate?”, at KEK on Mar-8-10, 2017 |



Summary:

Techmcally

— Making good progressI Not only productlon of individual parts but aIso g
' integration & test (I&T) are ongoing at subsystem level.

e Worklng on problems and issues that have been uncovered at-1&T.

o Subsystem dellvery to Subaru will start soon Metrology camera system in
~ Dec 2017, Flrst spectrograph module in earIy 2018 :

— Ramping up the ~5-year survey desqrgn development Tian At

* The updated proposal from each worklng group WI|| be reV|ewed cr|t|caIIy o

in the team and also by some external members

Mutually:

— Detailed planning to build up one coherent survey

— (Re-)Optimization at the begmnmg & as the survey progresses _
e Data quality assurance, ﬁber allocation, etc o

— Database development for archlval Iegacy data SCIence



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
¢ | ~0.5degdiameter

\
Suprime-Cam Suprime-Cam
First Light Full operation

(Released Jan 1999) (Released Sep 2001)
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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 '

’ \/ 14 U U VistdislchAVEEEN EVIIIIIVIEE 4 il P.Nlwl

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



PFS|sa, -
smos
7% - Hitoshi M-urayama

[Kavlr IPMU dlrector
: PFS prOJect PI]

Rlchard EII|s
[UCL/ESO]

Masahiro Takada
[Kavli IPMU]

Galactic

Cosmology ~. Archaeology
Galaxy/AGN oy

evolution

Eiichiro Komatsu ; : : M Masashi Chiba
(MPA/IPMU) O Jenny Greene (Princeton) [ (Tohoku U.)



Structure for mstrument development

Ta kato

f System integration & test

Yebe e : Morit—ani'"_'"-.’})*,'__:-'_'};,"‘__-.z-

Systems engineering

Management

Prime focus, fiber 3 Spectrograph & camera

ositioner system Optical fiber : ’ '
P y system | Data reduction, obs. planning

Univ. Sao Johns . Max
(_g?::;) Paulo, LNA Hopkins iceton bl Planck

Univ. (France) (Germany)

(Brazil) Univ.



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

LAM\.

LABORATOIRE D' AS“OHIYSIW!
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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/



L

& L |
LREVRLP 23 % €2

AT R WS

.
-
»
-
-
e
-
3

2

% Converged

6 78 9101112131415
Iterations

34

5

1 1 I 1 I [ !
O H----- - fommeegeneend R basenebons -
S - - ) AT S SR S— -~ =
O bl L. (1 1 [ SO O St b S B
= GHIEN LGl O
e uuuuuu g s s ety | SEaito ”- lllll .flc. o — -
> : : " Y : " r
n rrrrr »- gonase |eesns fReasse wpeseaey Fecsens fease - o
o) : : “ B e s v
O CT- k- i a e e e aa e o R~
g s S . L L ow
Q 3 i S : 1 O
o A LN e L L e s Sadicd! S ,~|_
W B Rosacatisiastbsmnsdinenniunssiiensass .. FY .
u ' " ' ' ' u "
o B s e it e e I— . - — 5]
= $ooeent yeosve Omegcae s
O L. S
' . S, | WL . I -
= “ " " “ b : : :
) e i e e e R s e e
S 8 g © m ] 2 83 8§ ¢ ©
® N < N -
=
(9%,) eapbeNI)) abeLeoBd
AR B A A TRy T ™ TY ¥V Y Ll ™ T LAY L

Convergence to target

1

p— ¥
— N\ : 2 o
.. P F
o o “
vllllt\tl
o -~
e — e . o Masd . e pa— Ak A . Ao A bbb A
-+ ™ o™ - o " o

o o o o o o o
- s  und - - - |

(wn) b 0] I

Fisher+ (2014, SPIE)

Iteration

I D e (om0 1]



~ Spectrograph System (SpS)

1 module > ~g0 Hg-Ar lines are in-focus over the entire detector plane.
4 modules > ~240( o ' GG |
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NIR camera development

. Mechanlcalassembly is ongoing
—e | - 4xscience- grade HARG devices have
o\ L‘“" *% _ been delivered. G
z Detector characterlzahon is ongomg._'

S,




PFS system PFS system

Software Software

Subsystem Subsystem

~ “Flowdown/Cascade of
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

| Test uncovers many th/ngs

A

g " Additional FRD in the fiber
: 55 connectors
20| N —In the final validation of
e - updated mating strategy

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

- Tests under way to confirm
the improvements



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 by takmg over the HSC SSP g
* A survey program W|th the three p|IIars :

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

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
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i --- - — VIKING — VIPERS @ @ PFS Fornax
HSC-Deep VVDS O O PFS Sextans
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400,000 M
Continuum-Selected ' thln COS”,?/C WEb
Galaxies '

| Y,
IGM tomography | 1/3 (
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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




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 .
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Fleld tlllng and flber allocatlon

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




Survey ophmlzahon

¢ Fiber allocation and coord/nat'/on ;
of wsmngﬁelds need to be done
RERE . with varlous =
(both scientific and technlcal)
demands ﬂeX|ny accommodated

il ' bn
lled survey . Fiber allocation % -
fields ' -

* Application of max. flow/min. cost =" ST R \
approach is now under discussion. Fa,brlc'lus (MPE) & Reinecke (MPA): Developing
- the technique by Blanton+ (2003) for SDSS.




Subjec}t to bhanges-

Upd ated top-level schedule | *wimeens.

ks Subsystem delivery to Subaru |

. it =B  and re-integration & test - ;
“SM-N": Nth Spectrograph Module | ..~ -~ & % Op_EI’_G_i'I_O_ﬂ'fO_I’ |
-scientific use -

“MCS”: Metrology Camera System

“PFI”: Prime Focus Instrument SIVI 1 AIT Mar SN - s :
| “CAB”: Fiber Cable on Telescope =~ | ( , ) DEL SM 2 3 DEL SM-4 : : %
— o, . DEL SM- 1 , (Nov), o (uph '
MCS pre-ship review (Sep) (Feb) 3 CAB J SM-2, E 358 '
, el (un). AIT(Dec) SM-4 AIT
EC;B r)eV|ew ‘MCS (.Dec) + 7 l(gF!c)l : o '_ 1 (Aug)
ay ot e ot T |
| | o|4]

\\\\\\\

\\\\\\\\\\\\

~~~~~~~

SR 2019 2020

~~~~~~~
\\\\\\\

\\\\\\\\\\\\

~~~~~~~

Telescope dowh time AT F SSP
7 : it caII for
(~Oct-Dec for Ml recoat) = = = = & Readmess
| | - proposal  review in

Construction, integration & test of the subsystems ; : iﬂ"f‘Ju_h ' Dec-Jan

System integration & test

Commissioning &
stabilization



Summary:

Techmcally

— Making good prcgressI Not only produc‘uon of individual parts bu‘t aIso g
' integration & test (I&T) are ongoing at subsystem level.

e Worklng on problems and issues that have been uncovered at-1&T.

o Subsystem dellvery to Subaru will start soon Metrology camera system in
~ Dec 2017, Flrst spectrograph module in earIy 2018 :

— Ramping up the ~5-year survey des4gn development Tian At

* The updated proposal from each worklng group WI|| be reV|ewed crl‘ucally o

in the team and also by some external members

Mutually:

— Detailed planning to build up o‘nefcoh,ereht survey |

— (Re-)Optimization as the survey progreSSes e
e Data quality assurance, ﬁber allocation, etc o

— Database development for archlval Iegacy data SCIence



