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Wide in wavelength range too:
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PFS ,su,bsy‘sterr—_ls distribution ‘

Fiber cable

' .. in Prime focus unit
Ip“fc“e F°°”ts “POpt2” with Wide Field
g Corrector “WFC”,

Software system

Fiber connectors

Calibration system §@
Spectrograph A\ . :
system (SpS) N 12
On the TUE floor Wide-field
(IR side) correcter

' This takes an image of the prime focus

n !
\ - & ‘I with the fibers “backlit” and measure
oo N | /. _ their current positions: Key part of
' B jterative fiber positioning process.

4 \

Metrology camera
as a Cassegrain
instrument
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PFS s U,bsyﬂsterr._\s distributid_n

Fiber cable_
Yy

The 1st on-telescope fiber cable has 3 o " : Prime Focus

seon inetalled on the taleccope. - i Instrument has
‘ Ko integrated all

fiber positioner
modules.

The first spectrograph module

has been fully assembled and

tested, and in operation in the
dedicated clearn room.

1stone s ...
READY!

Istoneis ...

READY!

Metrology came

as a Cassegrain
instrument The metrology camera that has
been fully integrated and tested
on the telescope.




4 groups of fibers connected to
4 dlfferent spectrograph modules“ >
are backlit with - ( S

~ Sa e ] dlfferen.’__c colors. o

5/14: Preship review .

5/25: Approval to shipment
\

6/23 Arrival at Subaru summit ///y/

| P'F_I' focal p'lane-‘_-

PFl on the test stand in the'élea'h
booth on the observation floor.”
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* Hardware conflguratlon _
— PFI, Cable Bl and SM1 w/blue & red

cameras o e
= Hybr|d style > / M:‘ " =

~* Dates
—(1)9/13 26 > LB
e Kept the dome closed most of the tlme
. —(2)11/19-21 e
* Progresses in various a_spfe‘ct‘s':*f_ |
— Auto Guiding test, PFl alignment,
Cobra convergence, spectral |mage.
acquisition & processing, re-

confirmation of MCS image __qu_aliity
& dome seeing effect, etc etc... -




On-telescope
Cobra target convergence

The fiber positioners "Cobra "are Cobra Convergence 20211121_002 Commands & mechanisms for
working well: cordinated operation have
been in place to routinely carry
out the convergence process:

200

* The number of non-converged
Cobras is typically several tens out of
~2350 (<5%).
* Excluding the Cobras that are disabled
due to known issues (broken, badly £ .

* Loading and ingesting pfsDesign

* |terative moves of Cobras to the

[ww] 1961 84} WOJ} |enpisal

behaving, etc). ” targets
. . * Turn on fiber back illumination
* The residual distance between target (PFI & Sps)
positions and Cobra final positions is . Centroiding backiit fib .
~10um on PFI focal plane. entrolding backiit TIber spots on
MCS images

~200

¢ Coordinate transformation to PFI
coordinate

Improvements are in pursuit: 0 % e w0 N o 30 M
* ~100% convergence
* Stability & robustness

X (mm)

* Moving Cobras towards the

M Color-coded residual distances targets on PFl |
* Processing MCS images again and

of the fibers from the targets - Judging the Cobra convergences

-over the PFl focal plane. More works are needed for:

* Processing optimization
* Quality assurance
e Visualization




“AppDot-roach” BN

Anther type of Cobra convergence in order to:

* Let some Cobras app”roach” to the black “dot”s on Field
Element

* Hide the fibers from illumination at the prime focus
* Sparsely illuminate the spectrograph detectors
* Characterize the wings of PSFs in detail.

A few set of small-step data in phi-axis were taken
» 25 step x 40 strokes
* Under analysis?

SpS fast-read mode was developed.
* Partially readout
* Readout time decreased to 20 sec.

At the end of the run, one trial of “dot-roach” was done.
* Try to move all the Cobras, then reveal some of them from

the cobra.

* Inthe run, after “dot-roach”, 6 fibers were found to be ISR-ed spectra at the initial (top, visit=71167) and the last (bottom,
isolated visit=71187) position. Not that the scale and the limits of the color-
well, so the relevant cobras were moved for PSF modeling bar are different between the two images.

study.



Spectral images on SM1

1000 sec exposure of sky during the
) TIIIEERETIETER R L
night of 9/26, namely: STIIIIIIrrr

. AI: the way\,’i/hlzré)ulf;;\I f(r:ortr:lthBe1 - . _ TR . oM has been "in
‘;sssc&rie, y T, Sabie ! ! operation" inside SCR

* No siderial tracking. (Spectrograph Clean
e TR Room for PFS

H IR RS spectrograph modules) on

-----------------

-------------------------------------

.......... i ' ; ' SRR R ¢ There was no issue during

.lut.il-cfl-oi‘ll sanene ....-..nnlooo:inltoolu;;. T ;-ooa- .a-----....T...u;u;---..nn"oo. '.:“..,..._...T'""-.... the September &
| . LR O At November runs.

..................................................

i ¢ There have been no
engineering works (i.e. no
\ disturbance) in SCR during
these periods except for

¥ minor works outside SCR.
Unfortunately, we couldn’t take sky data in tracking/quiding with fibers intentionally
placed on stars etc due to various constraints, Expected in the upcoming runs (so we
think PFS not yet formally Engineering First Light(EFL)’ed yet strictly speaking ...).
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Stability of Point Spread Function

Before After

_ large Cobra move
° Th e goa I IS tO m Od el a n d su btra Ct th e S ky O n data, exposure = 71196, fiber:380 / vw: 668.13116 data, exposure = 71200, “phi* moved by 6000

the spectrum from any fiber across the
entire wavelength range.

* The stability of Point Spread Function (PSF)
is therefore one key for the accurate sky )
subtraction. .

* One possible cause of disturbing PSF is a
chage of Focal Ratio Degradation (FRD) on
each fiber due e.g. to Cobra moves. A | PR e r S T

* FRD changes
- lllumination of the spectrograph changes
- PSF of in-focus image changes

osure = 71191, fiber:380 / vw: 668.1311 ata, exposure = 71201, "phi’ moved by 6000

Ly i

* Images on the right show off-focus & in-
focus images before and after Cobra moves
of 6000 steps (quite large), and their
differences.

e The residual in the images and 1D residual
seems to be quite small: One source of 5 -
headache may have been mitigated.
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Stability of Point Spread Function
Before After
large Cobra move

data, exposure = 71196, fiber:380 / vw: 668.13116 data, exposure = 71200, ‘phi* moved by 6000

* The goal is to model and subtract the sky on o
the spectrum from any fiber across the i

.
entire wavelength range. :
~~0
+— 1% data Q6735=1.13 + 1% data 0
2000 data . . = 334 10 data . h . .
=DJ. 0
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- PSF of in-focus image changes

* Images on the right show off-focus & in-
focus images before and after Cobra moves
of 6000 steps (quite large), and their
differences.

e The residual in the images and 1D residual
seems to be quite small: One source of
headache may have been mitigated.




“Guiding (PFSAG)” on Gen2 =

Only partial success due to rotator trouble etc
Continued to the next engineering run.

| Brightness

Guiding loop test

Guide loop ON

=
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03:40
Time (HST) start from 2021-11-22 03:33:00

Guide loop test around east, where InR rotation is small.
* Guiding error in Az-Alt is ~0.01” on average.
* Sometimes guiding error got large, when a group of the
used stars changed. (Stars in all AG were used.)
* InR didn’t converge, because of rotator was disabled.

’ Zoomin | Zoom

FAG 11219.00

P AG: 22883

\W
{
03303~ aaaze

033449

Error in InR [arcsec]

Error in Ra-Dec [arcsec]

L ———
11177 Aby ——

A — ooy (CERT) (orenc e e [
Focus vrs o
AT ata Type : Normal
+17:09: 38.41 EXpEndTime : 20211122 122087 o
Area o pixel v
I LBl (A X ohe v g e
+17.39_35_54 Width X 512 pixels Width ¥ 512 pixels
Dome Shutter Oper Exposure Time : 5000 ms

Top Screen Free = ——
Focus: 2.7500 mm ]
PFS at M2
| [Prime Gpticalz
— e |
.

ADC Link
sl
q
q
F
m
M1 Cover Partial Auto Guide : Off
Clear
e Cell Cover Open l
17040 current | e
I 3 |
84.5
e mmanded 2700 M
- —— osaic o
2042
bone 71.2]
ki w’ as.o 73 ! .
033643 commanded 90.0
camera images on

IS
3
—

N

|
N

Error in InR [arcsec]
|
& =)
—-— .

%

150 =

04:40

X
W
&

04:45 04:50 04:55 05:00 05105

-
o o
o & &

-1001
-150{
iss

751+ o

04:50 04:55 05:00 05;05

|
v
=)
— o . - .

5.0 !
25|
0.01 ’ \J I N %0 Wt T s = A Valte SV
_2‘5-3 . | . Ix
-5.01 IV
-75] |

1

-10,0+*

04:35 04140 T 0500 "~ 05:05

B e 1T st s DAL 22 AT
Guide loop test around west, where InR rotation is small.
* Guiding error in Az and Altis ~1” and 0.1” on average,
respectively. (Error in Az was larger.). Only stars in AG2
and AG5 were detected.
* InR didn’t converge, because of rotator was disabled.



A IT7A—hREEICHFONDER 13
Kawanomoto (2021, ASJ Fall mtg.)

PFS has no Shack Hartmann sensor.

- Finding offsets of Hexapod positions from BERECHFENSEBLESA T WL SBEOER. RUBMSNBILERS
. . [ o 5o e offc o 5 o c oA

where they should be by fitting off-axis defocused 00,

[¢ o 2 o e < RGO ¢
. . . [¢ 2 2 » o < ENEPIN o 3
images on the AG cameras with composite model
images of aberrations.

(¢ o 2 » e o CPQEEIGIN
NN 7Y+ 15ar cmin
IR 55+0. 05ar csec
EEG-VIal—LavE {%Z’wfﬁ%% 1‘%

\

Re-Analysis using actual Hexapod position.
Analysis by Kawanomoto (NAOJ)

PFI A/anm éen t res Ult [Focus offset=0.8 for Day1, and 0.5 for Day2]

T il ) 20 i 5 il ..
size (top: current/)
XN ET ' R ' O O N O ST O O T

[Day 1] +0.00 +0.00 +0.00 +0.00
agcc_20211119_2242554.fits  -13.8 63.1 +0.174 +2.817 +1.648 -1.327 -2.243 0.745 +1.543 +2.402 -1.327 -2.243 0.00 0.00 0.00 0.00
-1.543 -2.402 +1.327 +2.243

[Day 2 #1] +0.03 -2.72 +0.74 +3.20
agcc_20211121_0402067.fits 48.7 68.0 -0.023 +1.493 -0.155 -0.478 +0.421 1.106 +1.732 +0.117 -0.478 +0.421 +0.03 +2.72 +0.74 +3.20
-1.702 -2.837 +1.218 +2.779
agcc_20211121_0417390.fits 53.8 65.0 -0.016 +1.992 +3.766 +0.109 +0.059 0.898 +2.025 +3.704 +0.109 +0.059 +0.07 +1.34 +1.18 +2.35
-1.955 -2.364 +1.071 +2.291
agcc_20211121_0424470.fits 55.8 63.6 -0.010 +1.520 +1.403 -0.305 -0.036 1.061 +1.499 +1.577 -0.305 -0.036 +0.09 -0.65 +1.07 +2.29
-1.409 -2.227 +1.375 +2.326

[Day 2 #2] +0.00 +0.00 +0.00 +0.00
agcc_20211121_0431377 fits 57.5 62.1 -0.015 +3.098 +1.453 -1.216 -2.649 0.904 +1.594 +2.144 -1.216 -2.649 0.00 0.00 0.00 0.00
-1.594 -2.144 +1.216 +2.649
agcc_20211121_0437224 fits 58.7 60.9 -0.017 +1.668 -0.649 -0.130 +0.039 0.871 +1.690 -0.575 -0.130 +0.039 +0.02 -3.10 +1.22 +2.65
-1.670 -2.525 +1.350 +2.611
agcc_20211121_0445083 fits 59.3 60.2 +0.007 +1.409 -1.317 +0.199 +0.059 0.899 +1.443 -1.430 +0.199 +0.059 +0.03 -4.82 +1.15 +2.48
-1.413 -3.390 +0.951 +2.421

[Day 3] +0.03 -2.72 +0.74 +3.20
agcc_20211121_1829135. fits 81.0 59.0 -0.114 +1.259 -0.617 -0.389 +0.422 1.657 +1.499 -0.396 -0.389 +0.422 +0.03 2.72 +0.74 +3.20
-1.469 -2.324 +1.129 +2.778

On average, optimal Hexapod position for PFS: SX=-1.6, SY=-2.5, TX=+1.2, TY=+2.5
c.f.) Hexapod position for HSC: SX=-1.8, SY=-2.6, TX=+1.0, TY=+2.5



~ "Event” log & path forward

’ Durlng the Sep run (9/13 26)

5 Insuff|C|ent safety features for mstrument rotator operatlon 5
> No_ rotator operatlon was aIIowed - :

— Part of the electronics assembly 4 box” for power dlstrlbutlon &.
communication behaved very unstably :
- No AG camera operatlon was possnble |
The Oct run (10/15-21) was canéelled to focus on englneerlng g
works in Oct and early-mid. Nows .o

On 11/15, the day of PF] > POptZ rlght before the Nov run .

— Coolant leak was found (|t turned out it happened by a human error).
The leak was quite Iocallzed but clean-up took a couple of days
— The run had to be shortened from 5 nlghts to 3 nlghts



5 f"Eve'nt’* ,Iog-& path forward

Durlng the Nov run (11/19 21)

— It took much Ionger to be abIe to run and test ﬁeld acqursrtlon & auto gurdlng'

4 ‘processes - &
> Came rnto the 3rd night wrthout many other tests done

— When we. started seeing successfu1 operatlon of auto gurdrng, in the mldnlght e

of 11/21, a rotator trouble happened (rt turned out by breakage of alimit
switch due to mechanical interference during: transportatlon) ok i3

- No further rotation operatron became 1mpossrb|e Full valldatlon of f|eId
acquisition & auto guiding and other on-sky tests ended up belng postponed b

After the Nov run . |
— Design studies for modlflcatlons to prevent such I|m|t SW|tch trouble are -
ongoing. A R e L A
— An upgraded “E-box” is belng prepared and tested for a replacement

— Various testing, data anaIyses and software development activities:are -
ongoing exploiting the six-month: |ntervaI before the next runs(5/13-19 &

6/15-21)

.



Data processing

An schematic overview

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

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

DSIM B ‘
i Measurement
results on
spectra
OBS
SM1 data
Princeton Exposure Time Calculator
w/ NAOJ, IPMU (Spectrum Simulator)
[Yabe, Hirata]
LAM

Input (noise-free) spectra

16
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"% PRINCETON NAGJ

) Caltech
UNIVERSITY #xkavi: 97
iPMU

2D Data Reduction Pipeline (2D DRP)

l ok
i < Reduced SuNSS mhile major developments are being \
| data beforeandafter | conducted by Princeton, some key
B8 subtraction of sky elements are being developed by other
i continuum (lines are institutes:
: | btracted L : :
2150 subtracted on a * Flux calibration routine, automatic
8 few fibers) . . _
- reduction mechanism (Yamashita,

46472 r1 1*43200s smoothed 3 .
spline(splineOrder=5; overSample=1.25) 60 SCIENCE, 60 SKY Mlneo [NAOJ])

600000 1 * End-to-end data processing and data
400000 1 evaluation (Yabe, Mardini [IPMU])
200000 1 K Characterizing FRD impact [CaItech]/

* Analysis of SuUNSS “diffuse” spectrum:
Noise on a sky-subtracted spectrum is
consistent with 0.6% systematic error.

* Obviously processing on-sky data from
upcoming engineering observations

e and optimizing the processing

RN S RO performance are next steps.

o=1.050+ 0.006F

Sky + object (approx. counts)

Object (approx. counts)

650 700 750 800 850 900 950 0 1000 2000

wavelenath (nm)
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LABORATOIRE D'ASTROPHYSIQUE / {3 PRINCETON
DE MARSEILLE % Caltech UNIVERSITY

1D Data Reduction Pipeline (1D DRP)

Redshift error vs. redshift

« 1D DRP

Various measurements on fully

reduced & calibrated 1D spectra

Developed by LAM (plus NAOJ &

Caltech for stars)

e Current version 0.26. Updates
are released a few times per year.

e Star separation & radial velocity
measurement are part of targets
for next major updates.

1072
:::::

;;;;

)
il
——
|
° °

F10°

Correct redshift determination for a
high-z SDSS quasar . =

Redshift error vs. [Oll] flux

1
107!
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|zcalc-zref|/(1+zref)
= o
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I
-
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Data processing & =23 101N HOPKINS

UNIVERSITY

An schematic overview NAOJ &
Science DataBase (SciDB) B I R o T

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

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

2D SIM ‘
' Measurement
results on
spectra
OBS
SM1 data
Princeton Exposure Time Calculator
w/ NAOJ, IPMU (Spectrum Simulator)
[Yabe, Hirata]
LAM

nput (noise-free) spectra
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National Astronomical
Observatory of Japan

Data processing JOHNS HOPKINS

UNIVERSITY

An schematic overview NAOJ &
Science DataBase (SciDB) B I R o T

Offline tools:

Although Jupyter is the main
environment as mentioned above, we
also offer offline tools; users can
download images, spectra, and
catalogs to their local disks.

There is also an image browser that
works just like googleMap. Itis a very
interactive tool and you can get, e.g.,
an image cutout in fits format, and
guery database (or upload a catalog) to
display a table and mark objects. There
is currently no tool to handle spectra,
but it will be added in the future.

Region, Date, 8c.
e

le; SearchiTooll
Fio

Jupyter:

This is an environment where you can
open a notebook and make a Python
script for data mining. A module to
access the offline tools mentioned
above is loaded by default, so that you

o - oo can, e.g., talk to the database, and get
Princet ot cbjects an image cutout (or corresponding PSF
Sy A image). A module to access hscMap is
W/ NAOJ,| also loaded, and you can launch a new
tab to display images. This can be

controlled from your notebook; you can
mark objects, and if you click an object,
you can get its ID back in your
notebook, for instance. Finally, we have
a spectrum viewer, which allows you to
browse a spectrum interactively.

LAM

Selectable catalog



Open-use observation operation framework

* The main site of discussion and development is the Observation
processing (“Obsproc”) WG chaired by M. Tanaka (NAOQJ).

He et al.
poster p4 at
this UM.

Also He et al.
2021 ASJ Fall
meeting.

[p4] Optimal algorithm to determine pointing centers for PFS
open-use programs
Wangiu He, Masayuki Tanaka, Miho N. Ishigaki, Masato Onodera (NAOJ) & obsproc member

Introduction

‘Subaru Prime Focus Specirograph (PFS) s a fibar-fed multplex system, which enables acquisition of around 2400 spactra of objects simuaneously over a
wide haxagonal fiekd of 1.38 deg on the sky. Its innovative features ars expactad to halp maka great improvemants in varous science fiekds.
 Operation Strategy: to share fibers among multiple open-use programs in ordsr to efficienty utiize al the fbers
 Problem: whers to point the telescope?
targets from dierent programs can vary significantly in spatial density/distribution, required exposure time, science priority, elc
® I this project, we are going 1o develop an “optimal” iling algorith for PFS open-use programs:
to achieve high completeness in rank-A (highest science rank) samples
to maximize fiver llocation efficiency in each exposure (minimize wasted time)

PFS pointing Planner: a general flow-chart
Initial guess of pointing centers: L & fiver Guide star &
[Faact In lngust ostaloge Kernel Density Estimate (KDE) Netflow / Gurobi optimizer Shuffle + PFS scheduler
0, RA, DEC, axposire tma.

1 to each target acoording to s
sciance rank (determined By ‘exposure tims, decsity
SACITAC), user-defined

o et wil gt centes ot | et
oty requrenare P oG o TR KOE gk Je- — — | | || w0 o8 NonObsanwCos  Netow)

[ingut F-star + sky position as calivrators|
¥

eeet |

o) |
randomly remowe 70% of the or sach un-allocated target Ay e
targets faling into this porting cakate s distance rom ts nesrest ponting | | -
“one pirting = 13m0 &

/[ enange in rettow 1ot

for each porting: cost + total cost of un-
-ssaign a distance penaty 10 earby un-

(aocated tamets within 2FV.

Qe & mean (13, dec) weighted by the weicl +
ralty of nearby un-alocated tarsts

Nigcinting) fil up the )
‘s of open-use programa?

|
|
|
) ' /
[
| o) <tokeance?
|
o Parametors:
total bme alocated t 0paN-Usa programs —>> determingd by SACITAC
waight: give higher weights to sampias with rank A (highost science rank); additional waights might be added 1o samples with shorter sxposure time and
higher local dansty (finish sampias requining short @xposura me as 5001 as passible)
wcience rank Rark A~ Pud; Rark .- P2 Rank G - Pt Wi-powia, 71
- [ Lr——
ocal oy Ntargnt o Fov Wapow, ol
jve larger penally 1o Largets far awsy Irom the poinling center —> pravent moving pointing 100 far away from A inital guess
combinason between weigh and distance penally, moving slep. tolerance, PA of each pointing, ele. —> optimizing all the paramelers s il in progress...
 Outputs: pointing st + er assignment in each pointing

mple

& simulate 1000 pointings (one pomting=15min) over a set of tast samples (weight scheme: a=10, b=-0.2, c=0)

Epata hsibutn of P astrs st samples

| -l =

‘total axacusion time with 20 threads: 10.23 hours
‘complata fraction: rank-A samples in a proper range of spatial density can achieve a completeness of >90%

+ due to the fixed density of fbers (2394/FoV), sampies with too-low of 1oo-high density are hard to achieve & high completeness within the allocated time.
+ PFS {queue mode) might not be sailable for isoialed samples with 1oa-low density of loo-dense sampies

fiber usage efficiency: 72.2% fibers are used on average

ey
a0 put 10 bo-enedy ks
> may ol for bk 15 18 1.

Plann

line

© a simplified version of Planaer can be provided to help users get an idea of expactad completensss of their scknce samples.
one example: user's sciance sample —> ~1900 per 5q.dag, covering ~ 5q,deg, request 1 hour par target

* Framework (Tanaka)
* PFS Pointing Planner (He)
e F star selection (Ishigaki)

* Target database (Onodera)
o ..etc

Discussion session (in Japanese)

tomorrow afternoon:

e  Observation preparation
e Target completeness
 Ranking programs
 Filler targets

. ... etc

21
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On-telescope fiber cable (“Cable B”)

* Second cable (“B2”)
 Already in Hilo

* Passed post-shipment inspections and
tests.

* Pre-installation optical tests and
installation to the telescope are to be
scheduled.

e Third & fourth cables ("B3” & “B4”)

In the final phase of integration and test
at LNA in Brazil.

Optical test results look good so far.
Pre-ship review for both cables in Feb?

These are the last works by the PFS
team in Brazil.

@ MLNA usomsromo

9] NACIONAL DE ASTROFISICA
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Spectrograph System (SpS)

» Spectrograph Module (SM) #2 and #3
are being integrated and tested.

* However, a while ago the team found an
unexpected tilt offset of focal place
against the detector which has been
stalling/slowing down the progress.

* The root cause still remains to be 1A
\
understood but the team has been wsowone pastsommsae > |
intensively doing various tests and -
analyses and narrowing down potential
error sources.

* The goal is to deliver one SM (perhaps
only w/ blue and red) to Subaru in June,
and another (w/ blue, red and NIR) in
summer.
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NIR Camera Unit (NCU)

 While NCU#2 & #3 are under integration,
#1 has been fully assembled and cold for
testing.

* The image quality of #1 looks good as
expected (i.e. the optics are well aligned).

* The thermal performance of #1 looks good i
so far. It will be fully validated in the . A\
operation condition at LAM (with the R i~

T "., < | ;
1 1~ o & 4
. < = ,
b » .

ambient temperature controlled to 5degC). '_ 1
° |n paraIIeI, detector testing is ongoing in a NIR1 Image PSFs — actual vs. optical design
. . . We are seeing good agreement in the through-focus curves between the real
test dewar for persistence characterization camestso o 1350 e v e 77
(Hamano+ 2021, ASJ Fall mtg,), optimal use .
of interleave reference pixels, etc. = B B B B
* The goal is to deliver #1 to LAM in April, #2 Ry
to Subaru in summer. o v| =
& % < & &




PFS coming out of 4th corner

.+ PFl arrived at Subaru summit in June 2021.

* -Subsequently, engineering observations
started with PFI, Cable B1 & SM1 B+R. Two
runs completed in Sep and Nov 2021.

¢ While various progresses were made, =
troubles delayed going beyond, Persistent

- efforts are-ongoing for formal First Light &
continued success in the upco,ming'r_ﬁn’s, e
and remaining hardware deliveries. - -

* * Near-term timelines to pursue starting -

_scientific operation from ~2023: 5 / """"""" .
"o Next E-runs in May & June 2022, - - |
** Cable B3 & B4 in Spring 2022. = - -
* SM2inJune, SM3 in summer 2022. ]
¢ ..etc i |

::::::::::::::::::

s tarsnnnnnsennnnentness \seeder feinnsnseneaany

v’ Official web site - https://pfs.ipmu.jp/
v' Membership registration - https: i

v’ Blog - https://pfs.ipmu.jp/blog/

SEQEIERERAARRW
gegaannananin

v’ Instagram - https://www.instagram.com/pfs collaboration/


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

When Subaru gets a blt older e. 8. 30 years -old ..

PFS WI// have been part of /ts tr/pod/c backbone

ytég’ M(/JZ
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