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Decl.

band (total exptime) area (deg?) Finished pointings Updated

g (10min = 150sec x 4) 429.0 1472 | 3672 2017 Feb 01
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@ Hsc Survey Progress

Created at 2017-03-07 13:03:14
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Expected observing speed to finish all
Wide field pointing within 300 nights

gr : on schedule izY : ~ 80 % compete
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Comparison

Tom Shanks
Survey Type Epoch Bands Lim. deg© N/S Seeing
Mag. (arcsec)
DENIS NIR 1997-03 1JK K~12 20000 South 3
SDSS Visible 2000-05  ugriz r=~22.7 14500 North 1.2
CFHT RCS2 Visible 2002-09 grz r~248 830 N+S 09
CFHTLS Wide Visible 2003-12  ugriz ra25 157 North 0.9
2MASS NIR 1997-01 JHK K=~14.3 Allsky N+S 1.5
UKIDSS NIR 2005-12 YJHK K=184 7500 North 0.9
WISE Mid-IR 2010-12 3.4 - 22um W1 =17 All Sky N+S 6
Pan-Starrs 37 Visible 2010-14  grizy r=~228 30000 N+S 1.1
SkyMapper  Visible 2009- uvgriz - r=~22.0 20000 South 2.5
VST ATLAS Visible 2011- ugriz r~227 4700 South 0.9
VST KiDS  Visible 2011- ugri r~24.6 1500 South 0.7
VISTA VHS NIR 2010- YJIK;, K;=~18.4 18000 South 0.7
VIKING NIR  2010- zYJHK;, K;=~19.5 1500 South 0.9
DES Visible 2013- grizy r~250 5000 South 0.9
DECal.S  Visible 2015- grz r~23.6 9000 North 1.2
HSC Wide Visible 2015- grizy r~26.0 1400 South 0.7

Table 1 Recent Optical and NIR extragalactic imaging sky surveys with an area of > 100deg?.
Magnitude limits are quoted in ryp and Ky,z,.

NAOJ



s Comparison

DES Visible 2013- grizy r~25.0 5000 South 0.9

DECalLS  Visible 2015- grz r~23.6 9000 North 1.2
HSC Wide Visible 2845« grizy r~26.0 1400 -Seutlr 0.7
2014- N/S

NAOJ HSC



DECalLS

legacysurvey.org

RA,Dec = 185.8583, 19.4744, zoom 13

Custom catalog upload (FITS table; RA Dec

[name))
SEFR Z7r4ARER Uplead ! Jump 10 object: NGC s
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Survey Speed

Camera

HSC is the world leading facility until LSST comes

NAOJ

CCD AOmega .
~operatio
B-FD 300 2012
B-FD 913 2012
3478  (20227?)

BI-DD



Technoad papers
Camern: Mynzaki
Survey Dosipn: Tokada and Srawes
D Acdeicos: Tara
Shaar Catying: Mardebaum
Pipeire: Bosoh
Prono-z: Tardka

Hung Syrppe 1

Murata: Syrppe 2

Low-z Galay working growp:

Andy Goulding: Norphology of AGN houts

Johrey Geeco: LOGs in grosps (lentabve)

Masao Hayashl - NB-salaciad emission-ine objects
Joan Cougon L magniioason Dk up 0 2.2
Alzustt Nahizama: red fraction of culster galasies
Huing-YuJan  : galaey populaton in chusiers

Hgh-z gafsccy merking growp:
= Yubori Harkane, "Galany-Oark Mater Halo Connocsion Revealod by the Sutans Hyper Suprme-Cam Survey”
- Yoshiski One, “The Bright Ead of 1 Gadiay Lumincsdty Funcons al 2o4-7 based on the Scbaru Hyper Sugime-Cam Sarvy®
= Akiea Konmo, "First Ressls of Ssbarathper Supnme-Cam 430G "2 Namcetand Surwey: Lya Luminoety Functions ot 2.5.7
ard 6.5°
- Haskazu Uchipana “Conelabon Betmeen profodusders and Quickars o 2-4°
= A Toehaan, "Systematc Search of Paclockaetens o 2-4 in the Sutars Myper Suprime-Cam Survey”

Takatoehs Shibupa, “Subaru Hyper Suprime-Cam Narmow Band Survey for Lya Eminars: Selooson and Lya Propenes for Lya
Emiting Otgects ol 2-6-7
- Tokaloehy Shibuya, "Opcal and NR Spectroscopic Observatons for 2-6-7 Very Luminoss Ly Emitees identfiad in the Subaru
Hypor Suprime Cam Survay”®
- N Cuchi "G ng of Ly E al zz-2-T % hod by Esty Sctaru Hper Supome-Cam Suvey”™
= Ao K. Inowe. "A simulation of Ly-alpha emiters in he rebonzation epoch for the Sebaru Strategic Program i Myper
Sugrme Cam*

Strong lensing Working Group:
* SUGOHI |: Photomatric and Spectroscopic Search for S¥ong Lenses in the HSC Survey, A. Sonnenleld ot .

* Hurting with CHITAH: Strong-Mns candidies from the Srat-year data of the Hyper Suprime-Cam survay (ntatve) J. Chan at

al
* Joirt SL and WL analysis of HSC groupiciuster kenses [lentative) A. Jacfani et al.
* Mass distrivution of group-scala Rnsas from HSC (lentative) A Mora et al.

AGN working group:

« He, Aklyama at al. Chustering analyss of 2-4 quasars

- Matsuoka ol & Speciraacopic danification of 2-6-7 quasies (SHELLOs Pager 11}
- Aliyama, Ma, Ikada ot al: Luminosty function of 2~4 quasars

~ Shrasakl, Strauss: The environment of quasars at intermadate redshills

- Tarashima: X-ray boght cptically lant sources

- Onoun: Galaxy amironment sround multiple QSO system

NAOJ

PASJ Special Issue

Cluster working group:

** Hironao Miyatake: ACTpal xc HSC

** Blinor Medezinsk: Planck xc HSC

" Miyaoka-san and Nobu: x-ray proparties of selected HSC clusters

** Mssamune Oguri: camina duster sample

** Hung-Yu: on quenching of galaxies in clusters

** Yan-Ting Lin: evoluton of BCG, sieller mass unction. and radio gelaxies in camira

" Arsushi Nishizawa: red fraction evolution

** Sarhud Moce: splashback radie — gthough Tis may be merged with Atsushe's paper abowve, sl TBD

Galactic Aschwclogy Waorking Group
Malo Sructure using BHB =tars

Weak lensing working group:

Mandebaum: Shear catalog

Miyatake: Cosmological constraings by CMASSBOSS gataxy clusiening and the HSC-BOSS gaaxy-galaxy weak lensing
maasuwremaents

Miyatake: Weak lansing messuremant of ACTPol dusters

Medeznski: Weak lensing measurement of Planck clusters

Madusnski: Scurce selecion for dusher wask lesing

Leauthaud: Comparing Ight profiies of massive galaxies and WL measurements with hydro sims
Speagk Appication of FRANKENZ {Joah's photoz code) to HSC and valdalion wiing g-g lensing
Mandebaum: GREAT3-Ike simuations paper

Miyazaki: shaar sekcled clustars

Ogun: Wide area mass maps n 20 and 3D

Oguri: Mass-richnass relaticn of CAMIRA dusters

Solar System working group:
Yoshica & Ters: Jupiter trojans (%o ApJ?)

Terai & Yoshida: Hilda group (0o ApJ7)
Torai: Colors of known TNO's

~ 40 papers planned

HSC



@ Public Data Release

February 2017

~ 100 deg”2 Full depth

NAOJ HSC



Aperture Mass Map

XMM magLimit=24.5 r0=1.5 gauss (satoshi 2017/02/01 16:42:45)
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Peaks From E/B-mode maps

Frequency

10}

10"
~N

No B-mode Peak Beyond |SN| > 5
SN > 5 Peaks on E-mode are likely to find physical counterparts

E mode: 71 Peaks (SN > 4.7) 6



hscMap View Layer Bookmarks Dataset Develop Window Help

rank=25
SN=b5
z=0.32




Optical Identification SN > 47

< 1 arcmin (<~ 1.5 h"{-1} Mpc)

CAMIRA
Nmatch  Npeak
| 50
2 8
3 2
0 11

18



Optical Identification

j z=0.18
= galaxies




Optical Identification

No Counterpart either on CAMIRA/WHL15: 3

SN>5: rank 21 z=0.18 cluster

SN <« 4.8 : rank 60, 66 False Positive

20



X-ray Counterparts

XXL Brightest 100 (Pacaud et al. 2015)

XMM magLimit=24.5 r0=1.5 gauss (satoshi 2017/02/01 16:42:45)
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X-ray Counterparts

XXL Brightest 100 (Pacaud et al. 2015)
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s

For Early Years Science

Statistics is poor due to the limited data.

Necessary accuracy in PSF correction is looser in
lensing analysis.

For the final data set

More careful understanding of the system
and the origin of the PSF is crucial to
improve the PSF correction algorithm.

NAOJ HSC



NAOJ

2.0

Understanding of PSF

Seeing(FWHM) [arcsec]

0.0

1.5

1.0

0.5

| l |

0

I N I Y B
10 20 30 40 50 60 70 80 90
Elevation|deg]

0.36 x cos™5 (90 — EI)

HSC



e Understanding of PSF

Imge Error budget distribution of HSC in i-band (Elevation >30 degree).

FWHM (") | Error Components FWHM (") | Details FWHM (")

O..:.368 ' Diffraction 0.036

WEC / ADC 0.200 Optics aberration 0.200

ADC drive error 0.014
Primary mirror 0.100

Collimation 0.112 WIEC displacement/tilt 0.057

InR axis displacement 0.015

CCD tilt 0.083

CCD defocus 0.047

Tracking 0.152 SP drive smoothness 0.005

InR axial runout 0.063

InR angle drive error 0.068

Telescope mount 0.120

Dewar internal flexure 0.049 CCD ult 0.043

CCD displacement 0.009

CCD defocus 0.009

Flexure variation 0.019
CCD co-planarity 0.095
CCD charge diffusion 0.178
Filter paralelism 0.050
Window paralelism 0.050

NAOJ

HSC



e Understanding of PSF

+900 pm

-900 pym

NAOJ

Field Center Field Edge

A(I,i = a; —&i,

Deviation from
the perfectly
alighed (designed )
optics

by comparing

obs. and calc.

HSC



e Understanding of PSF
Defocus Map

30
300 I I I I I (a) !20
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Fig. 17. Defocus (Aa4) map in [pm]

Aas(z,y) = A4+ Oty + Ofx

NAOJ HSC



@ PSF Evaluation

1
c ~ 1% ellipticity jump
across the CCD
boundary
(sometimes >~ 1 %)
el

28 NAOJ/HSC



Impact of CCD height discontinuity
under 0".6 arcsec Seeing

1.2 T
dZ=-0.06

d7=-003 - Focus
s o oy i
42=40.06 position
115 |
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e de~1%
¥
1.05 | l
N | Height Jump
max ~ 30 um
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Field Angle [degree]



s Understanding of PSF
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@ Understanding of PSF
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Fig. 19. Defocus (Aa4) map (a) and astigmatism map (Aas, Aag)

Consistent tilt estimate obtained from a5/abé

NAOJ HSC



@ Throughput Monitor

R R RE R
TS529b202)—"

NAOJ HSC



Monochromator

Light Source

»Ou‘rbu’r port

\

e Throughput Monitor

fiber Bundles

. » I / L —
———
’ -

.
. X y
.
A

2 Ready for Installation

#but delayed due to the M1

coating rescheduled...
! Should be ON this fall.




@ Calibration Process

NAOJ

Measure the point brightness of the screen using the
photometer on the ceiling of HSC.

Using the on-axis pin hole, measure the spatial
variation of the brightness.

. Comparison of a flat image and (1), (2) yields the

throughput of M1-WFC-FILTER-CCD system. (takes
2-3 min to have 10,000 e image in g)

Scan over the wavelength (Width 5 nm, Step 2.5nm)

HSC



@ new CMOS

e Collaboration with Hamamatsu Photonics
e Evaluation of GPixel's CMOS

e Development of the Readout system

NAOJ HSC



HPK CMOS

Q CMOSIUPAA—It vt

FEFRMHIEVLEEESD APS (Active Pixel Sensorn)94
DCMOS ITUPAA=IE/UTY, FA=Z/TREBE. /(A
FPAREBE. P27 A/DERBEAELTED, 77T
FILAENDEHEDIRNNDEHTT.

. WEYA X SU—LU—F . N
i (um (H) X pm (v)) | BAEIRER (FL—Lr/5) 1= 5R WHRIEES
@ sz 1280 x 1024 146
74 %X 74 2S=ws
@sra102 640 X 480 78 !

Commercially Available

NAOJ HSC



HPK CMOS

. BEEH
& _ OUtA [2:0]
N " 15 outs [2:0]
N - L outC [2:0]
- b T4 MEAA—KTLA , outD [2:0]
N | E - LVDS OutE [2:0]
l - 4y = \/sync
W - = Hsync
- = Pclk
= CTR
! \
BEEEEEREN
= HZLINZLIIVADC - TS
I t T P51
. KESTRLI RS I5A 7 A [E)3E
2AIT
RO YT XY TS50 MISO
a {o8—71—2 -
I ‘
MCLK SCLK
All_reset cs
Pll_reset RSTB
MOSI

Commercially Available

NAOJ HSC



e HPK

. QE
* Back Illuminated Type: in progress

* Thicker Si up to 10 - 15 um: in progress

NAOJ HSC



 isc Expected QE

NAOJ

HSC



e HPK

* Format
-+ 1280 x 1024 (7.5 um) -> Goal: 8192 x 4096 (7.5 um)
* Feasible by stitching if gap allows

NAOJ HSC



@ (MOs Readout System

e Based on Zynq SOC
Suggested by

e CPU + ASIC
i-. KEK
—— | Tanakad&Uchida
Fast PIO
Drive clock

== generation and
7 data readout

NAUY HSC



@ CMOS Readout System

e Collaboration with ISAS/Takahashi group
and NAOJ/Solar group

Zv cT7—=URS5EDAQTEY 2 —)b

os | ZDAQR— K
48 pairs
(infout) (185 x 130 mm)

2 pairs
for CLK wa anme
ZYNQ 7000 SOC (XCTZ0451FPGH00)
CPUcore: ARM Cortex AS DualCore With NEON
BAYNEY: 66TMH:z

SV TS vria & 3K A+
LVCMOS |12 ¥4via 512K 4k

IN 34

out 66| PSHEEICLinuxiE S

Zports | poIRi- it U f-Logick BEIC NI 3
for CLK

included @mt#@mo)‘_{"‘/ ;\/7
RAM RAM | I\ L

1 Gbyte | |256 Mbyte \L:] Space Wire 3 ports

Buffer Memory \ 1

— =
PCleitia% H USB 3.0 (5 Gbps) 2 ports
4L—> %7 9iEN ———Jl Gigabit Ether 1 port

included

NAOJ HSC



@ CMOS Readout System

ZDAQ-Analog 7R— K (zDAQ®Daughteri— K)

NAOJ

DDS chip

+— VGA (AD9910)

PLLA®
1 GSPS, 14bit

oAy

4LIZbh - TIFN)

DAC

DAC (200MSPS)

FADC (200MSPS)

FADC (200MSPS)

—_—

-—

DAC (4ch)

LVDS-out (16ch)

> LVDS-in (8ch)

—mm SDD

ZDAQR— R ——— W sDD
(185 x 130 mm)

SpW
LVDS —{ Y
48 pairs —=
(infout) 7vN N
2 pairs yng SpW
o Je_e
- 8
LVCMOS
IN 34
OUT 66 Prototype
2 ports | PSH? to be delivered
for CLK | (cPU/Linux) in few weeks
included| M5 DDS% G .
. _ iga Ether
dArkA—Jb | .



