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1. What is Prime Focus Spectrograph (PFS) ?

Optical + NIR Multi-object fiber spectrograph

- Number of fibers: 2400 T
600 per Spectr. X 4 Spectrographs

- Fiber core diameter 128um

Microlens attached to fiber input edge
fiber input F/2.2 -> F/2.8 (17.1 diameter per fiber)

- Field of view: 1.3 deg
- Wavelength: 0.38 - 1.3 um

[Sugai et al. SPIE]



1. What Is PES ?

Optical + NIR Multi-object fiber spectrograph

- Each spectrograph: 3-color-arm design

Arm Coverage[A] Resolution[A/0A]
Blue 3800-6700 2300
Red 6500-10000 3000
NIR 9700-13000 4400

Spectrograph collimator F/2.5, camera F/1.1

Detector pixel 15um (2Kx4K x 2 FDCCDs for each Blue/Red arm,
4Kx4K HgCdTe(1.7um cutoff) for NIR arm)



How the system works
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2. Sclence targets
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See arXiv:1206.0737 “Extragalactic science and cosmology with Subaru PFS” Ellis et al. (2012)



3. Why on Subaru ?

Suprime-Cam

\\ FMOS

2 . .
IRCS 7 ‘ld :
Strengths of Subaru Telescope EEGE i

: =2 e FOCAS
SCExAO ' » { Kyoto 3DlII

Large Field of View

MOIRCS
e.g., Suprime Cam COMICS

(Hyper Suprime Cam, Prime Focus Spectrograph)
Platescale (arcsec mm-1) oc1/f - prime focus

(rigid tel. structure)

Excellent Image Quality

e.g., Kyoto 3DII (Pl instr.: IFS,FP,etc.) + AO188 in optical wavelength
mirror surface, dome shape, rigid structure, tel. tracking



4. Challenges in PFS

- Bright telescope F-ratio of 2.2

- Bright camera F-ratio of 1.1

- Quick & accurate reconfiguration of fiber
positioners



Comparison with other optical multi-fiber spectrographs

Telescope Instr. Prime F-ratios/ Number of | Fiber diameter/
Focus? /\  Pixel size fibers Positioner
Subaru 8.2m PFS YES 2.2 272.8 with microli [ 2400 128 um: 1.1/
ollimwtor 2.5; cam (1.3 deg FOV) | Two rotary motors
15 um
VLT 82m FLAMES/ no 15 =5 with microlens 600 230 um: 17.2/
GIRATEE (camera 1.2)/ Magnetic button
15 um
MMT 6.5m Hectospec no 5 300 250 um: 1.5/
(camera 1.5)/ 5-axis robot
13.5 um
WHT 4.2m AF2 YES 2.5 150 90 um: 1.6/
13.5 um Robot Autofib2
Guoshoujing 4m LAMOST YES 5 4000 320 pum: 3.3/
(collimator 4; camera 1.2)/ (5 deg FOV) Two rotary motors
AAT 3.9m 2dF YES 3.5 400 140 um: 2”.1
(collimator 3.15; cameral.2)/
24 um
WYIN 3.5m Hydra no 6.3 100 200 pum: 27/
(collimator 5; camera 1.8) (288 slots) Magnetic button
12 um
SDSS IIT 2.5m APOGEE no 5 300 120 um: 2~
(collimator 3.5; camera 1.4)
SDSS III 2.5m BOSS no 5 1000 120 um: 27
(3 deg FOV)
AAO UKST 1.2m 6dF YES 2.5 150 100 pum: 6.7/
Off-telescope robot
( Mayall 3.8m bigBOSS YES 4.5 5000

(input to spectrograph 4)

(3 deg FOV)

120 pm: 17.45 )
(heritage:
LAMOST)




4. Challenges in PFS

- Bright telescope F-ratio of 2.2

Use of microlens
Transformation of F-ratio from 2.2 2> 2.8

- Bright camera F-ratio of 1.1

Use of double Schmidt corrector

- Quick & accurate reconfiguration of fiber positioners

Uses of new-type high-precision positioner and wide-field
metrology camera



5. Each component

Rotator

Spectrograph 2"
b Fiber
Connector

W|de FleIA‘7

Fiber Positioner
Cobra
(from bottom)

- Microlens + Fiber
- Fiber positioner

- Spectrograph

- Metrology camera




Sharing Wide Field Corrector with HSC

JZ[/A D il D57 12 DD =TS
Hyper Suprime-Cam
(HSC)

PFS case:
Optical interface with Wide Field Corrector
Field element
= 52-mm thickness flat plate
substitutes for filter + dewar window

http://www.eso.org/sci/facilities/eelt/fp78{-pub/

wfi_workshop/pdffile/SMiyazaki.pdf ) )
Wide Field Corrector (WFC)



Light from telescope through WFC & Field element
to microlens + fiber
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Microlens at fiber entrance

Transforms input f-ratio (F/2.2 2> F/2.8)

(1) to reduce light loss caused by over-filling
acceptance angle of fiber

(2) to ease difficulties of spectrograph design

Molding a suitable microlens out of glass
glass - variety of refractive-index selection
molding - aspheric surface

e T

— T —————

Challenge for fast F-ratio
with Microlens

600 pm
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Fiber Positioner

Cobra Positioner
1 Phi Stage o .kP/atroI Area
(2.4 mm y > (55 mm dia.)

radius)

~

1.3° Field of View

Phi Stage .
Cobra Optic Bench 24_09.Cobra
/ Positioners

Theta Stage
(2.4 mm
radius)

T

New type Positioner
A Rigid, No Inclinin

"~ —

ene-

Theta Stage /
[Fisher et al. SPIE]

JPL --- started prototype 7-element Cobra development



through fiber to spectrograph




No moving parts
Stability, Easier operation

PHG

Biwwe Collimator Corrector
Shutter
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Spherical Collimator .af Red Schmidt Collimator Corrector
Mirror - E———
-ﬁ—- Red VPHG

—
"-__"_'-——- Red Schmidt Camera Corrector

'\\\\"‘""‘\\
Fiber slit length ~140 mm \\
We build four of these

. . Vives et al. SPIE
0.38-1.3um: VPH gratings 280 mm diam. each [Vives et al. SPIE]
Resolving power = A/A ~ 3000 [Gunn et al. SPIE]



Subaru Dome “IR side”
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Back-illuminated fiber observed by metrology camera




Metrology camera

Planned to be located In
Cassegrain container

Directly” seen and taken
with one shot

Magnification ~0.0415
Camera aperture size ~130 mm
Detector 120M 2.2um-pixel CMOS

(diffraction-limited image quality)
———
645 mm

[Wang et al. SPIE]



estimates

6.1 Total efficiency estimates
6.2 Signal-to-noise ratio estimates



Efficiency & S/N estimates

Taking Wide Field Corrector (WFC) distortion into consideration
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Non-telecentricity, vignetting, residual chromatic aberration also considered



Total efficiency for field center at zenith

Includes everything from sky to detector (0”.64 seeing at 730nm) & aperture effect

Total throughput for field center, Z0=0 deg, & D.Ed-(}.[um],r‘rﬂ.'?'ﬂll_ﬂ'e arczec moffat star + aberration
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otal efficiency for field corner at el=30dec

Includes everything from sky to detector (0”.64 seeing at 730nm) & aperture effect
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Signhal-to-noise ratio estimates

o A 22.5 mag (AB) source

T K T v T v ¥ T T
By Tamura (Nov 2011)
o Revised throughput (for point source) -

| Upper: Field center, ZD=0 Thermal background (by Gunn Oct 2011).
Lower: Field edge, ZD=60 Object noise is included.

S/N [(pix)~! (1000 sec)™!
4

4000 8000 8000 1.2x10%

Balanced S/N ratio over
wide wavelength range



/. Major milestones

Endorsement by Japanese community 2011 Jan
MOU between NAOJ and Kavli IPMU 2011 Dec
Project CoDR (Conceptual Design) 2012 Mar
Project PDR (Preliminary Design) 2013 Jan
Project CDR (Critical Design) 2013 Dec
SIR/TRR (System Integration /Test Readiness) 2016 Feb
ORR (Operational Readiness) 2016 Nov

First Light (Engineering) 2017 Jan
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o. PFS Summar

Optical + NIR Multi-object fiber spectrograph
- On Subaru prime focus (8.2m; F/2.2)
- Target sciences:
- cosmology, Galactic Archaeology, galaxy/AGN evolution

- Basic parameters
- Number of fibers 2400 (600 x 4)
- Field of view: 1.3 deg
- Wavelength: 0.38-1.3 um
- Spectral resolution: A/6A~3000

- Now in Preliminary Design phase (PDR ~2013 Jan)

- Conceptual Design Reveiw succeeded 2012 March
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