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PFS Collaboration

(There are a few potential new partners.)
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Exploiting the ~1.5 deg field of view on the prime
focus of the 8.2m Subaru Telescope.

Wide-field imager “Hyper-Suprime Cam (HSC)”
v' ~0.9 billion pixels

v
v

Wide-field multi-object spectrometer “Prime
Focus Spectrograph (PFS)”

The “Sul/IRe” project
Subaru of Images and Redshifts

HSC + PFS

300 nights in 2014--2018
1400 sq. degrees, ~1B galaxies

v
v
v
v

SDSS-like survey at z>1 & Galactic Archaeology
to address cosmic evolution & dark sector.

Enables Subaru to be a world-leading facility out
to the next decade making effective synergy
with TMT, LSST, JWST, Euclid, WFIRST, etc.

2400 optical fibers

3007 nights from 20197 3

~4M galaxy redshifts » - ?ber arEa?:‘ \
~1M stars in MW, M31, dSphs. ‘ ik




“PFS” — Fast facts

e Subaru Prime Focus Spectrograph

— Wide field: diameter
— Highly multiplexed:
— Quick fiber reconfiguration: (TBC)
— Optical-NIR coverage:
* Developed by collaboration, under the
initiative of

, Galaxy/AGN evolution, Galactic Archaeology
as the key science areas in the PFS collaboration

* Aiming to start science operation from , @S
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Project timeline

 Apr2011: Project Office was established. Design study activities were
formalized.

e Mar 2012: Conceptual Design Review (CoDR: #i = E%Et &%) @ Hilo
* Feb 2013: Preliminary Design Review (PDR: E A &) @ Hilo
 Mar 2013 — Present: A hybrid of critical/final design phase &
production phase
* Critical Design Review (CDR: ¥ fllEX 5T =:&) is held at
subsystem level (instead of no project CDR).

— Mar 2014: Cable A & Spectrograph System (SpS) CDR — Done!

— Mar 2015: PFI, fiber positioner system (delta on Jun 22), Cable C CDR — Done!
— Sep 2015: Metrology camera CDR (delta on Dec 3) — Done!
— Early 2016: Cable B (TBC)

e 2017-2018 : Subsystem delivery to Subaru and system
integration

* Early? 2018: Engineering First Light o0 0 Subject to

 Mid-late 2019: Start open use & SSP updates
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PFS subsystems distribution

Fiber cable

. in Prime focus unit
Prime Focus "popt2” with Wide Field

Instrument " )
Corrector “WFC”".

2

Fiber connectors

Spectrograph
system (SpS)
On the TUE floor / Wige-field T
(IR side) ohs L STggtor 2400 fibers
steered by
\positioners)

\o, sﬁgﬁ\

POpt2 & WFC will be
shared with Hyper
Suprime Cam (HSC).

Metrology camera Software system
as a Cassegrain

instrument (Calibration system)
- 12

Subaru Telescope



Focal Ratio Degradation (FRD)

Emerging beam

We are not yet certain of s FRL

the severity, and degree Optical fiber \

of varlabl.ll'ty/ SR 3 > ) Emerging beam
repeatability (due to ) without FRD

cobra rotation) of FRD
effects

/

The emerging beam has a physically broader f-
tio (numerically smaller) than that which

The PSF will be specific to each fiber and wavelength, and a 2D
model across the chip is not likely to be successful.
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FRD “cone” measurement

Diffuser

and _ .
pinhole Collimator / filter

(75 um) (laser line 633 nm)

—]
Halogen I I

white light
source

relayed Collimator and F/
with Fibre # stop test
optic
lamp
Far field re-imaged -
onto detector (ngon- Far field Fa;;::: d
telecentric; see ray- re”lgiimg

trace sketches for
details)
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Encircled energy from the far-field image

L0 Oliviera+ (LNA) (for
internal discussions)

1.00 ——

0.80

0.60

Enclosed energy

0.40

0.20

F/2.5

0.00
0 2 4 6 8 10 12 14 16

angle (deg) 15



Collimated beam FRD measurement
(FRD “ring” test)

Backillumination target

Collimator Spatial Filter
Fibre Fibre chuck 6, (" 2 [ /
lose on spool :
t } HeNe Laser

_—— Rotation stage
=

x-y adjustable

Fibre chuck
,L‘ ______ Pupil plane
) g re-imaged
Rotation stage ~
x-y adjustable .
Far field Camera lens
= pupil plane

Collimated light at the input, mounted on rotation stage allows scanning through different angles.
(Pre-alignment is achieved using back-illumination to identify the 0" launch angle)
The output in the far-field is an annulus. This is re-imaged directly onto the CCD (no screen is used).
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Murray+ (Durham)(2013,
2 ' | discussions)
HEtLy | B
DA :
° 5 ! 6 7 ‘ 8 9 10 ‘ 11 12 13 ‘ 14 Ag{l‘ﬁ
Launch angle (degrees)

Haynes+ (2008, 2011)
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Figure 5 FRD radial profile plots for ;= 245nm rms (left) and J; = 8nm rms (right). 6; = 8°, J,=25nm rms ,
1= 633nm.

Figure 2 Fiber end-face optical microscope images, (left) 6; = 270nm rms, (right) J; = 8nm rms, taken with Olympus
microscope in phase contrast mode and x100 objective.

Figure 3 Fiber end-face 3D Optical Profilometer images. (left) 6, = 270nm rms section area 33 x 40 pm. (right) ;= 8nm rms
section area 88 x 114 pm, taken with WYKO NT3300 in VSI mode.
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Focal plane: Fiber positioner “Cobra”

A patrol dia. 9.5mm
Positioners with - _/
8 t h i \ , Y g _\ ¢ Stage
aomm pl cn. TR e v s e l : (3.4mm)
- Patrolareas =~ 0 Il 4
have Some ‘ / ‘j f‘ ‘ / ‘3 /: ‘ . Rotates and Rotation
\ v i \ P \ Translates Only
overlaps. N AN A ~
= Smooth Shaft
«  Fiber is routed from the arm on the phi- 0 Stage Node ="\
~ Spherical
stage through the center of the Cobra (2-4mm) Contac
- Node =%
— Stages utilize hard stops to allow for full sy
range of motion, yet prevent over twisting of Same Moror Satar: ™ ntemat Spring
the OptiC ﬁber . ]\}'ibrausou Mode Preload
* Dnve Signals
— Protects fiber during handling and operation Vf"[ i s |
oot 44 11 L | &
*  Piezo motors use phase shifted signals to ' ' 0
excite the motor body at the first bending MorDrive  "okmes | X
resonant frequency ots [
Fiber Arm v A
_ 7.7mm Dia. e EIEETEW
\/ Floatmg Hard STOp Drive frequency matches first bending resonant
Fiber 2.4mm SQR l frequency of stator assembly

Shaft Coupler “FPC Clock Spring” T

3.4mm SQR

November 4th, 2013 PFS 5th Collaboration Meeting, Sao Paulo, Brazil 19



Two sets of
fiber connectors
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Spectrograph System (SpS)

S Collimator

/

S
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Mangin mirror

“NIR”
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Fiber aiming test

Laser source A

"

Terminated Target screen

fibre inputs

Laser source B

»*

Slit unit

‘he proposed experimental setup for meas
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SpS — What'’s happening now .

Winlight

" One channel a !
Integration " .
W 1 .

.. Collimator

\

= ‘r",,' 5 g

. Cryostat assembly, pump-down ;‘..{”
and cool-down before shipping i 4

M\ﬁ

X [l

B

are working hard tg get first lab spectra.

The team

l

| .1 "x"m*,,, " / Cryostat pumping and ‘s = - H H 1
S / ‘ cooldown with optics & : |

! mechanics inside I i E
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:
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B First fiber slit assembly arrival
BB from LNA and installed on the
B optical bench with Hexapod.




SpS — What’s happening now

First images with the engineering CCDs reported on Oct 31
(2 chips, 4 channels per each)

)

§

10460

The first science-grade H4RG array will be delivered this month.
(The other three will be coming next year)




Summary about PFS

 The project passed Conceptual Design Review in
2012 and Preliminary Design Review in 2013.

 The Spectrograph System (SpS) & the Prime Focus
Instrument (PFl) also passed the subsystem Critical
Design Review in 2014 & 2015, respectively.

* Now finalizing the design studies and proceeding
with production, integration & test.

\ > o\
CAD model
A modade

* Aiming at engineering observation from early 2018

& science operation from mid-late 2019.

* Unique capability of Subaru for unique science via

synergy with TMT, LSST, JWST, Euclid, WFIRST.

Refer to PFS web & blog for more detailed
information and updates.

Individual “Cobra”
positioners

PFl CAD model

“Cobra” engineering
model module

Y{
AR e

|
‘




