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M31 L)n a single shot T =
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PFS will configure

% (  over thisi€kggonal field. '\ |

Wide in wavelength range too:
380—1260nm at once with 3 cameras

Ha [OI] {  [OI] (Mgll Lya.
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PFS s U,bsy‘stem s distribution

Fiber cable

Software svstem : ... in Prime focus unit
y Prime Focus  «pnt2” with Wide Field

Fiber connectors ’.’ 7. Instrument Corrector “WEC”.
Calibration system B

Spectrograph
system (SpS)

On the TUE floor | 4 Wide-field
corrector

This takes an image of the prime focus
‘ with the fibers “backlit” and measure
" their current positions: Key part of
j.; iterative fiber positioning process.

|ber cable —~

\

Metrology camera
as a Cassegrain
instrument




’PFS comm|55|on|ng has been underway

Metrology Camera System 15t Fiber Cable (Cable B1) '_ 1St system test

installed 15t time on the Cs was installed (Feb 2021). § on the telescope
focus (Jun 2018). e S (Sep 2021).

-\\\\.a.\\.\\\\\‘ w i

Engineering.
observations

15t Spectrograph Module (SM1) = Zer :
was installed (Dec 2019). Prime Focus Instrument
(PFI) was delivered & re-

validated (Jun-Sep 2021). SRR [ B
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posure of stars
NGC 1980 field
red camera

Wavelength
(630-970nm)




-Now tWo fiber cables &
two spectrograph modules in place

Cable B1 & B2
: on the telescope spider &=
Successful installation of 1

27d Fiber Cable {Cable B2)
- in April 2022.

=N\
~e— &"‘
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Completed installing SM3 in
~early Nov 2022.

- Started its operation right
‘away according to the good

~ = = | \ | .. results of post-installation
@Spectrograph &8 < |2 ' x | tests. .
Clean Room (SCR) ¢ 4 7 : %



' ‘The‘oﬂbs‘ervatﬁion ‘in Nov 2022 with
doubled multiplicity: ~600>~1200 -
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8mm between 40cm
adjacent Cobras

Fiber positioning accuracy

1. Accurately predict (x,y) from (a., 0).
2. Accurately move the fiber to requested (x.y).

Raster scan
e To generate a 2D map of flux coming
into the instrument around each fiber.

aVa aV¥aa aVall a'alValVallVa

81998:82007 m39_pa+00

A 54+

Commands and scripts/not@boc&8shave been well:developed,
so we can take such @ld@@@sct.as this routinely.




The fiber diameter is
equivalent to 100um
e 1”.13@Field center

. oeradens | FibEr positioning accuracy

82994..83001 ngc1980_pa+00 mag < 8

] Systematic errors are dominant.
2009 10%m = L Translational/rotational offset
- Rt T — | < Some issues in the field acquisition
C TG A \“\\&\ 70 and/or guiding?
004« - S \\\ N AN L ° Scale error
I} ’\ \\ \\\ \ ™~ 6.55 ?
N N \\\ W\ \\E 2 < Inaccurately modeled:
_ ? LN \ 3
£l Yy +\ \ \\\\\\\ ; :
N \ WYy NN \\\ \\\\\ | g After numerically subtracting these
N \ b\ N T
= SN b Q W >*¢ offsets and scale error.
—100 - X N\ 1\ i 5.0 -
‘_j\\ oy \‘ \\\\ \\f\ { Furthermore, averaging the errors
~ ~= t
71901 NN ' ** from 10 sets of raster scan data.
. o Takeaways:
* The error seems dominated by the
% B ! I large-scale & small-scale systematics.
Pol 4 . l‘ } Minimizing these is the priority.
+ * The contribution from the positioner’s
” stochasticity seems very little.
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The fiber diameter is
equivalent to 100um
* 1”.13@Field center
* 1”.03@Field edge

Fiber positioning accuracy

82994..83001 ngc1980_pa+00 mag < 8

2ool 100um -

82994..83001 ngcl1980 _pa+00 mag < 8

(dx, dy) = (-21, 26)mu dtheta = -0.00379deg scales=-6.95e-05,2.07e-11
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Systematic errors are dominant.

* Translational/rotational offset
< Some issues in the field acquisition
and/or guiding?

» Scale error
< Inaccurately modeled?

After numerically subtracting these
offsets and scale error.

Furthermore, averaging the errors
from 10 sets of raster scan data.

Takeaways:

» The error seems dominated by the
large-scale & small-scale systematics.
Minimizing these is the priority.

» The contribution from the positioner’s
stochasticity seems very little.
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The fiber diameter is
equivalent to 100um
* 1”.13@Field center
* 1”.03@Field edge

Fiber positioning accuracy

82994..83001 ngc1980_pa+00 mag < 8

2004‘ 100um

- = | [

82994..83001 ngcl1980 _pa+00 mag < 8
(dx, dy) = (-21, 26)mu dtheta = -0.00379deg scales=-6.95e-05,2.07e-11
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Systematic errors are dominant.

* Translational/rotational offset
< Some issues in the field acquisition
and/or guiding?

» Scale error
< Inaccurately modeled?

After numerically subtracting these
offsets and scale error.

Furthermore, averaging the errors
from 10 sets of raster scan data.

Takeaways:

» The error seems dominated by the
large-scale & small-scale systematics.
Minimizing these is the priority.

» The contribution from the positioner’s
stochasticity seems very little.
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1. Accurately predict (x,y) from (o d).

Fiber positioninq sequence 2. Accurately move the fiber to requested (x.y).

* Iterative process between PFl and

Predict the object positions MCS: Measure the current pOSitionS,
on the prime focal plane .
TESFOXEOMEE PR calculate deltas, and move the fibers.
e 12 iterations are applied but
bredidtpedifion improvement seems little after ~7t
FRlE . .
iteration.
*  >95% success rate is now stably
& achieved with 4.8s MCS exposure.
NGIECORE WHle o The processing time of each iteration
f;b;;‘jﬁgstit;;’&%E is one vital engineering item:
Bos e ~400s/~270s by 12/7 iterations,

respectively.
* Detailed profiling & optimization

Measure the fiber position

on the prime focal plane are needed, while MCS data I/O
FER LD P N—DfUB ) ) i
= 8IE seems major contribution
cvee oip wia cvee OV (61 cases)
Distance to Target: Iteration 1 1.0 1 w0 %g @ oo om ©tmeclN
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Data processing

Raw 2D images from Fully reduced, calibrated,
the SpS detectors sky-subtracted 1D spectrum

calexp {'visit': 36, ‘arm': 'r', 'spectrograph”: 1}

1552 data stdev ‘

2D SIM

OBS

SpS eng. data

Princeton Exposure Time Calculator

w/ NAOJ, IPMU (Spectrum Simulator)
[Yabe, Hirata]

LAM

Input (noise-free) spectra

Updates are applied to the pipelines continuously.

Measurement
results on
spectra

- Weekly integration test: 2D (Princeton), 1D (LAM) & End-to-end (IPMU)
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National Astronomical

3 PRINCETON S KAV P
] MO [ et | i
2D Data Reduction Pipeline (2D DRP)

Visit=83244 fiberld=478 z=0.8388

o]

12000 4

Current status:

e The pipeline (Lupton, Price+) is getting to
be able to process data from engineering =]
observations all the way down to flux
calibration that is being developed at
NAOJ (Yamashita, Mineo+).

* 2D PSF modeling as a key to very good
sky subtraction still needs substantial

10000 +

6000 -

Merged flux

4000 A

N
o
[s]
o
L

i

Alll
Clit

development, while the spectrograph R S
part seems quite well modeled already o ocs modeipri__ [}
(Caplar, Hayashi, Yabe, Kawanomoto+). P - |

00000

* Useful QA plots are being identified (e.g.
those for accuracies of wavelength
calibration and sky subtraction) and
appropriate tools need to be developed
(Hamano, Tanaka, Yabe, Siddiqui, Price+).

00000

ooooo “PFI” ~= Everything

ooooo
real DCB
ooooo

00000

ooooo (Hayashi, Yabe
°°°°° [Kavli IPMU] with

00000

00000 others)

00000

00000

“DCB” ~= Spectrograph



LAM .

LABORATOIRE D'ASTROPHYSIQUE /
DE MARSEILLE

1D Data Reduction Pipeline (1D DRP)

Spectrum 00010-00001 jol -009954¢c4000054ca-006-6e85dbfdd0e3cf63 and fitted templates for rank 0 /("ol/’/rc

by #, 5
[ ler 0, 3
)?s al,eri/ 4 “’*‘e 2 )/e[ 2 25 4 O O S e C

| | .
.. £=0.6597 (vs. 0.6653) (r9100|i|(6) in
the Nov run
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LABORATOIRE D'ASTROPHYSIQUE /
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1D Data Reduction Pipeline (1D DRP)
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LABORATOIRE D'ASTROPHYSIQUE
DE MARSEILLE

1D Data Reduction Pipeline (1D DRP)
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‘Updated ftimeline'from"‘r’\ow OnV\-/a_rd.:_

Engineering runs that have been scheduled & are

Feb: Cable B3 [ being expected. | |
oA 4/19-5/2: NIR First Light
7/18-27

Now: This Oct (TBC) LSRN B Open use
' (at least from Oct) : :
workshop Dec (TBC) | readiness review

x

installation

S ~ "

3/13: NIR camera SN2 ~Jun-Jul (TBC): Deliveries and
preship review installations of SM2 (BRN),
SM4 (BR), and NIR SN3 & 4.

~May (TBC): Cable B4 e il At
installation LSV S e e ot 19 °



Successful Cable B3 installation on Feb 7-8

One more cable is

_____ remaining. It will be

< Wil o big job again but
NP/ should now be a

 The cable is already
at the Subaru summit.
' « The earlier 3 cables
were successfully
installed.
Most of the Daycrews
and PFS members are
familiar with the
installation process.




(3 PRINCETON
UNIVERSITY

NIR Cameras #2,#3, #4 (N2-4) at JHU

JOHNS HOPKINS

UNIVERSITY

* N2:

 All tests were done well, except for a sanity

"N #2 + foreoptics ¥
check of image quality after focus offset o »“& B\
correction work. Cada . A

* Documentation for the preship review on 3/13.
* N3:

» All tests were done well, except for the focus

offset correction work and subsequent sanity
check of image quality.

* Hope it will be “ready” soon.
* N4:
* The cryostat assembly is done. Next is baking,
with pumping and then cooling for tests.

* The detector characterization is ongoing in
the test dewar.

L
I —

T

[

* Near-term goal is to deliver N2 to Subaru in
March (and let N3 follow that soon).



LAM IR0 : PRINCETON EXN
> be,r:ttln UNIVERSITY QY JOFINS HOPKINS

! AVA SKAVLI
LNA ueoron i DRIU

Spectrograph System (SpS) at LAM

LABORATOIRE D'ASTROPHYSIQUE /
DE MARSEILLE

* Tests of the 15t NIR camera (N1) as part of
Spectrograph Module #2 (SM2) are ongoing.

* N1 itself was fully assembled and tested at JHU,
passed the preship review and was shipped to LAM.

* The image quality at LAM looks as good as at JHU
even with the system at 5°C in the chamber to
simulate the operating condition at Subaru.

* There were issues on the ion pumps ... but the
pumps were replaced and the operation has been

recovered. ‘
1o 285.89.2 '985.89, 32985.89, 11B85 89 22385.89, 28985 895; 33985.89, 41®85.89, 5188589, 62085.89, 650
. . 5. ™ " '_ T oy A ,’-
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o ’ : various emission lines : I
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i 1 2 g - - SRR T “E ¢ “i ‘.E “.i
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EDR Engmeerlng Data Release

Updated tlmelme from now onward

The instrument performance
| 2 _ | | information at EDR2/3 is
_ Engineering runs that have be:n sche« pekl;ha.ps'crucral for proposal
| ) i ' submission.
Feb: Cable B3 | i being expec ed. NP
installation 3 4/19-5/2 NIR First Light

7/18-27 |
Now: Tliis Oct (TBD fuz{llsysae]f: 1: ,Ct) . I Open use
worksh »p Dec (TBD | (9fF€astJrom & | readiness review
Q2 2023 Q3 2023 Q4 2023 Ql 2024

3/13: NIR camera SN2 ~Jun-Jul (TBC): Deliveries and  EEANAEE. | Proposal
preship review installations of SM2 (BRN), N

SM4 (BR), and NIRSN3 & 4. [N deadlme'

~May (TBC): Cable B4 ' AT e CaIIfor SSP , ol
installation A prop.osal 4o 23




Science with 'P‘FS in the dark sector of the universe
ComprehenSIve cha/lenges to the major quest/ons of modern astronomy & cosmolagy
= by three pillar survey components :

Cosmology and Large Scale Structure Bezanson &

Greene

PFS large-sky survey inthe .
- framework of Su baru Strategic
Program (SSP). - 4
« ~360 nights for ~5 years '
 Three pillars
- Cosmology o
* Galaxy & AGN evolution " 20 3
¢ Galactic Archaeology ol

-

IGM Tomography

Stellar Streams Galactic Archeology
mi2i

Timeline:

* System integration & survey Testing ACDM Asse;nblly history Importance of IGM
; : of galaxies
planning are ongoing. =

o) * Nature & role of neutrinos * PFS+HSC galaxy association * Search for emission from stacked
L] O N-S ky comm iS S i on i N g fro m [®)© Expansion rate via BAO up to z=2.4 |+ Absorption probes with PFS QSOs spectra
* PFS+HSC tests of GR and HSC host galaxies

 dSph as relic probe of reionization

I ate 2 O 2 1 to 2 O 2 3 en d . Cl?l'\"‘dtlll"e of space: Oy « Stellar kinematics and chemical feedback

* Primordial power spectrum abundances - MW & M31 « Past massive star IMF from element

e Science operation from 2024. * Nature of DM (dSphs)

¢ Search of MW dark halo * Halo-galaxy connection: M, /M1, |+ Physics of cosmic reionization via
Small-scale tests of structur

e . . * Outflows & inflows of gas LAEs & 21cm studies
° h « Small-scale te o
S 100 M p rOJ eCtI S 1 M S O rta ge o S * Environment-dependent evolution * Tomography of gas & DM

GA

assembly history abundances

GE




PFS science meeting
@Kashiwa campus, Mar 2-3

Active & productive in-person+Zoom ———

H4  Current

discussions to brush up the survey TS vt
plan and proposal of PFS SSP.

Sculptor

~vpm: inner slope of DM profile

—2.0

T

X
Q?éﬁﬁ C%§§
S

L L 111111 L L L 111111
107 1077

PFS will be a very powerful

. . . Previous [a,/Fe] measurements Tidal radius
tool to find crucial evidence O o oemos g+ (7 >rt~71:
. ’"‘;) o
for the dark matter profile () pevous Y messurements Tk~ 7soiing
: with alker+ L5 ]
around dwarf galaxies i MMES (Wealkers) (Gid

(see e.g. Hayashi’s talk). e 2>




'PFS instrumentation is now

back on the home stretch.

Engineering-observations™

* Engineering First Light in Sep 2022

*.  Fiber positioning accuracy is getting better.

Minimizing the systematic errors-that

dominate the accuracy.is next priority.

Ongomg hardware development
e - SM2 is being tested at LAM with the NIR

camera. 3 other NIR cameras are belng

tested at JHU,
Timeline ;

e " Install Cable B4 on the telescope in. I\/Iay
e Install 1 NIR cameras by mid April, and the

rest of SpS in June-July.

* NIRfirst light in the April run.

e 15t run with the full hardware _in__JuIy. B
 Open-use readiness review in Jan 2024 for: |
science operation from S24B.

v’ Official web site - https://pfs.ipmu. ||c_)[

v' Membership registration - https:

v’ Blog - https://pfs.ipmu.jp/blog/

v’ Instagram - https:

www.instagram.com/pfs collaboration

-

i mWWWW‘t’wW%MW“MM
i

2=0.6597 |

|
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https://pfs.ipmu.jp/
https://pfs.ipmu.jp/research/regist_collab.html
https://pfs.ipmu.jp/blog/
https://www.instagram.com/pfs_collaboration/?hl=en

