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I—'SC—-SSP Observing Completed Last Year

- On March, 2014, HSC-SSP started and the last
observing night was 2022/01/03 (HST).

+ Long-long 300 + 30 nights observations have
been successfully completed thanks to the
tremendous efforts made by observatory's
scientists and staff members. We really
appreciate their continuous collaboration.



Slide presented last year

Data Release

IDR s16a 2016/08/04 Data used for the special issue.
S17A 2017/09/28
S18A 2018/06/25 PDR2 on 2019/05/30. 174 nights.
S19A 2019/09/25
2k 2020/08/03 275 nights -> PDR3
S21A 2021/06 Possibly an incremental release (~318 nights) <1
S22A 2022/Summer Final data release (330 nights). This will become PDR4 year
or beyond
PDR pDR1 2017/02/28 FCFD area only. 61.5 nights
PDR2 2019/05/30 174 nights
PDR3 2021/08  S20A Data release to public
PDRA4 TBD All data. Final data release. 330 nights.

DM pipe line is experiencing big upgrade (butler gen2

-> gend). The final data analysis must wait until the upgrade

is completed. 2022/Summer is reported to be TITGHT, possibly
S22B or S23A



SSP Internal Release S23A/B - Status

* Plan
* Release: targeting ~2023.11 (if everything goes without any problem)
* Reprocess all data with a new version of LSST pipeline (Gen3 framework)

* Dataset
* All SSP data for the entire survey period 2014.4 — 2021.12
* Wide 1,087 sq.deg (for i,z,y bands = 5visits)
 D+UD ~27 sq.deg

* Tentative Schedule
« 2022.9-2022.11: Reviewed test products (100 sqg.deg) by SSP collaboration
2022.12: Determined the pipeline version

2023.1(now):  Production work underway
+ some additional tests behind

« 2023.7-8: Finalizing processing
(may require additional time depending on stability of the pipeline)
e 2023.9-10: QA, database ingestion, and documentation

2023.117? Internal Release



Dec. [deg|

Validation of Gen3 processing

* SSP volunteers evaluated astrometry, photometry,
detection/deblend, CMR/photo-z, and PSF
determination (accuracy, consistency, and

stability)
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Science Highlight 2022



HSC-Y1 Cosmology Analyses Completed

New!! 2x2pt = BOSS galaxy clustering x BOSS-HSC galaxy lensing

HSC Fourier-Space CS (Hikage et al., 2019)
HSC Real-Space CS (Hamana et al., 2020)

HSC 2x2pt large scale (Sugiyama et al., 2022)
HSC 2x2pt scall scale (Miyatake et al., 2022)
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and many others...

New!! Cosmic shear analysis with
a new estimator COSEBIs



HSC-Y3 Cosmology Analyses Are Ongoing

(= HSC-Y1 X 3 wider)

Detailed Systematics Studies Cosmology Analyses
Photo-z Systematics

Tested photo-z against clustering-z
and derived combined inference

Ix2pt (2x2pt + Cosmic Shear) Analyses

€D

HSC-Y3 Shear Catalog /\(M

Survey area is increased to 433 deg2from 137 deg? - A AN
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S

’ C m;anaU et‘.al. (2022) . More; IUCAA)(S. Sugiyama; IPMU)(H. Miyatake; Nagoya)
PSF Systematics
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X. Li Investigated how 4th order moments of [RSF
(|PMUI—>CMu affect cosmological constraint

Cosmic Shear Analyses

Li et al. (2022)

PU bl IS hed | T.Zhang (CMU) Real-Space AnalysisFourier-Space Analysis
' (X. Li; CMU) (R. Dalal; Princeton)
Zhang et al. (2022)

under review or in press coming soon

* 4 cosmology papers (+1 measurement paper) will be out in April
 Grad. students and postdocs are leading most of the projects.



Publications Related to Weak Lensing / Cosmology

 Cosmology and related papers

» Zhang et al., “A General Framework for Removing Point Spread Function Additive Systematics in Cosmological
Weak Lensing Analysis,” arXiv:2212.03257.

* Rau et al., “Weak Lensing Tomographic Redshift Distribution Inference for the Hyper Suprime-Cam Subaru
Strategic Program three-year shape catalogue,” arXiv:2211.16516.

 Hamana et al, “E/B mode decomposition of HSC-Y1 cosmic shear using COSEBIs: cosmological constraints and
comparison with other two-point statistics,” 2022, PASJ, 74, 923.

» Sugiyama et al., “HSC Year 1 cosmology results with minimal bias method: HSCxBOSS galaxy-galaxy weak
lensing and BOSS galaxy clustering,” 2022, PhRvD, 105, 123537.

* Miyatake et al., “Cosmological inference from emulator based halo model Il: Cosmological constraintsfrom
galaxy-galaxy weak lensing and galaxy clustering with HSC-Y1 and SDSS data,” 2022, PhRvD, 106, 083520.

* Miyatake et al., “Cosmological inference from an emulator based halo model. I. Validation tests with HSC and
SDSS mock catalogs,” 2022, PhRvD, 106, 0835109.

« Miyatake et al., “First Identification of a CMB Lensing Signal Produced by 1.5 Million Galaxies at z ~4 :
Constraints on Matter Density Fluctuations at High Redshift,” 2022, PhRvL, 129, 061301.
 Li et al., "The three-year shear catalog of the Subaru Hyper Suprime-Cam SSP Survey,” 2022, PASJ, 74, 421.
» Galaxy clusters and galaxies

* Rana et al., “Splashback radius of X-ray galaxy clusters from eFEDS using galaxies from HSC survey,”
arXiv:2301.03626.

* Luo et al., “Dark matter halos of luminous AGNs from galaxy-galaxy lensing with the HSC Subaru Strategic
Program,” arXiv:2204.03817.

e Miriam et al. “The eROSITA Final Equatorial-Depth Survey (eFEDS): A complete census of X-ray properties of
Subaru Hyper Suprime-Cam weak lensing shear-selected clusters in the eFEDS footprint,” 2022, A&A, 661, A14.

e Chiu et al., “The eROSITA Final Equatorial-Depth Survey (eFEDS): The X-ray Scaling Relations of Galaxy Clusters
and Groups with the Weak-Lensing Mass Calibration from the Subaru Hyper Suprime-Cam Survey,” 2022, A&A,
661, A11.

 Huang et al., “The Outer Stellar Mass of Massive Galaxies: A Simple Tracer of Halo Mass with Scatter
Comparable to Richness and Reduced Projection, ” 2022, MNRAS, 515, 4722.



AGN WG

AGN working group

~110 researchers belong to the AGN WG. Yoshiki Toba  Tohru Nagao

Number of projects 121 (7)
(HSC Joint-Data Project)
Number of publications 68 (6)

(under review)

Number of proposals

~300 (~40%)

e —— 12th HSC AGN meetmg at Kagoshlma U
HSC-AGN publication (Nov.30 - Dec.2, 2022)
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HSC view of quasars

Local Universe (z < 2)

No significant
evolution of Menu-Mx«
relation up to z ~2.

High-z Universe (z > 6)

>100 low-luminosity
quasars were discovered.

Xuheng Ding
(IPMU)

Masafusa Onoue
(KIAA/IPMU)
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AGN WG

Multi-wavelength properties

Yoshiki Toba
(NAOJ)
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High-z IGM Studies with HSC

1. Yoshioka et al. 2022, ApJ, 927, 32 n(LAE)/n(LBG) = xHI map
- NB921-selected LAEs & IB945-selected LBGs at z=6.6

3.0
- N(LAE) / n(LBG) as an estimator of neutral hydrogen fraction ;.- ‘o
- Directly map out a spatially inhomogeneous topology of 2,50 - <l
0 =
reionization . 2.25 20 =,
‘é 2.00 | 5 i
2. Kakiichi et al. 2023, submitted to MNRAS T Lot 10
] 1.54) = A0 eMpe L 0.5
(arXiv:i2301.00373) s e s |
RA deg| -
- "Photometric IGM tomography” newly proposed
- novel approach to estimate Lya-forest abs using NB data
- 2D map of IGM HI at z~5 IGM HI map at z~b
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Deep CO Obs. for Three LBGs
at z=6.0923-6.2037

(Ono et al. 2022, Apd, 941, 74)
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- marginal CO(6-5) detection from J0O235. consistent with the previous UV+[Olll]+[ClI]
observations.

J1211 & JO217: no significant CO(6-5).
- JO235: lower 2 srr than local SBs, J1211 & JO217: consistent with local SBs,
- z=b-0 average is consistent with local SBs with possibly large scatter.



PASJ Excellent Paper Award 2022 . . .iced last week

- Harikane et al. 2018 PASJ 70 SP1 S11

- GOLDRUSH. IT. Clustering of galaxies at z-4-6

revealed with the half-million dropouts over
the 100 deg2 area corresponding to 1 Gpc3

- Matsuoka et al. 2018 PASJ 70 SP1 S35

,Subaru High-z Exploration of Low-Luminosity
Quasars (SHELLQs). IT. Discovery of 32
quasars and luminous galaxies at 5.7 <z < 6.8
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Development of Science Platform

e Designing a JupyterHub-based platform
- to perform efficient analysis over the existing products from remote

- to make efficient use of computing resources
e PFS involves the platform within a science archive frame work

NAOJ
network
® User1 -
Access _ o - /@
T Analysis = =0y = Catalog Database (HSC-SSP, ..)
\ Session Py -
SV =
~—— o Jupyter= g/ = '—.
® Analysis — > Hub = = = Image Files (HSC-SSP, ..) :
q / Session s s \ i
User 2 = Other Computing Resources

Multi-wavelength (CPUs, GPUs, Storage areas)

Virtualized Cluster _
Data Archives (LSC-MDAS, other cluster?)

Processing of catalogs (and images)
through Jupyter notebook + Python APIs
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(SMOKA, HSC/PFS, Euclid, Roman, ...)



QuickDB

1. User submits Python Codes
5. User gets the gathered result

def map(patch):
return patch.size

def reduce(a, b):
return a + b

Count all objects (0.3sec) sy

%time api.mapreduce(map, reduce, rerun='s20a_wide')

N 100:00<00:00]

CPU times: user 131 ms, sys: @ ns, total: 131 ms
wWall time: 281 ms

2. The codes are distributed

4. The results are gathered

e User provides arbitrary Python codes

to the system

 The codes run on distributed
computers

 and run in parallel for object-catalog
of each patch

830139306
ML 10 S PR S MK I PR RE o aacais il
[27]: |import numpy B A

E

L

AR P2

3. The codes run on each comp

M

import scipy.spatial

from functools import reduce
tol_mag = 0.25
match_rad = 4 # arcsec

columns = '"'
sdsscentroid_flag
pixelflags_edge
pixelflags_interpolatedcenter
pixelflags_saturatedcenter
pixelflags_crcenter
pixelflags_bad

cmodel_flag

trsplit()

def gen_pairs(xyz, r: float=1):
tree = scipy.spatial.ckDTree(xyz.T)
for i, pairs in enumerate(tree.query_ball_tree(tree, numpy.deg2rad(r / 3600.))):

def map(patch):
* 1 = reduce(
.ambda a, b: a & b

.
Uter ratch(riforced.{f}.4c}') == o for f in ‘gri' for c in columns),

ratch('forced.isprimary') & (patch('forced.i.psfflux_instmag') < 23),
)
patch = patchlclean]

if patch.size == 0:
return
xyz = patch('forced.coord")
pairs = numpy.array(list(gen_pairs(xyz, match_rad)))
if len(pairs) == 0:
return

a_ind, b_ind = pairs.T|

patch_a = patchla_ind]
patch_b = patch[b_ind]

g_r_a = patch_a('forced.g.psfflux_instmag') - patch_a('forced.r.psfflux_instmag')
r_i_a = patch_a('forced.r.psfflux_instmag') - patch_a('forced.i.psfflux_instmag')
_r_b = patch_b('forced.g.psfflux_instmag') - patch_b('forced.r.psfflux_instmag"')
r_i_b = patch_b('forced.r.psfflux_instmag') - patch_b('forced.i.psfflux_instmag")

ok = (numpy.abs(g_r_a - g_r_b) < tol_mag) & (numpy.abs(r_i_a - r_i_b) < tol_mag)
ra_a = patch_alok] ('forced.coord_ra')

dec_a = patch_a[ok] (' forced.coord_dec')

ra_b = patch_b[ok]('forced.coord_ra')

dec_b = patch_b[ok]('forced.coord_dec')

return ra_a, dec_a, ra_b, dec_b

Find pairs of objects
that are close and have similar colors

%time coords = numpy.hstack([numpy.array(coords) for coords in api.map(map, rerun='s20a_wide')])

« Color-Color Diagram for all objects in s20a_wide s

(1.2sec)

LMpUrL numpy

def map(patch):
where = patch('forced.i.extendedness_value') < 0.5
patch = patchlwherel

r = patch('forced.r.psfflux_instmag')
g = patch('forced.g.psfflux_instmag') 4.0
i = patch('forced.i.psfflux_instmag"') is
return numpy.histogram2d(
g-r, 3.0
r-i, 25
range=((-0.5, 2), (-0.5, 4)),
bins=(200, 400) 2.0
) 15
def reduce(a, b): 10

a_hist, a_xbins, a_ybins = a
b_hist, b_xbins, b_ybinx b
return a_hist + b_hist, a_xbins, a_ybins 00

0.5

-0.5

%time res = api.mapreduce(map, reduce)

hist, xedges, yedges = res
pyplot.imshow(numpy.log(1l + hist.T), origin='lower', extent=(xedges]|

N, [00:00<00:00]

CPU times: user 220 ms, sys: 35.7 ms, total: 256 ms

. Wall time: 1.12 s

CPU times: user 1.06 s, sys: 139 ms, total: 1.2 s
Wall time: 4.95 s

Found 87k pairs in 5sec for s20a_wide
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Prototype of HSC Science Platform

e ADC+Subaru is discussing to construct a science platform service
connecting to the HSC data release PDR3

(See a poster by Morishima et al., too) :

Safari File Edit View History Bookmarks Develop Window Help

@ 0O & M0 & © 85N O Q 8 © FiJan7 1419
eoe M+ < Z localhost:8888/labjtree/Untitled.ipynb M +
File Edit View Run Kernel Tabs Settings Help
™ [ Untitled.ipynb X [ Untitled.ipynb X
o
. m n n B + X0 O » m C » Cd v &  Python 3 (ipykernel) O
e a e a Ive a rge p a o 2D histogram =
import numpy

def map(patch):

» where = patch('forced. i.extendedness_value') < 0.5
patch = patch [where]

r = patch("forced. r.psfflux_instmag")

g = patch('forced.g.psfflux_instmag')

e First prototype -2023.4 S
Internal review 2023.5 |

Preview by SSP collaboration 2023.9-

bins=(200, 400)
def reduce(a, b):

return ale] + blo], al1l, a[2]
stime res = api.mapreduce(map, reduce)

hist, xedges, yedges = res

mo-a9415210ef1f1e20)use
pyplot. imshow(numpy. log(1 + hist.T), or:
Fle Edt View Run Kemel Tebs Setings Help
I | oo et cttan Par -
. . CPU times: user 332 ms, sys: 43 ms, totd | B + X O ) > ® C » Merkdown v B Python 3 ipykernel) ¢
Wall time: 1.14 s o Sky image Viewer (hscMap) integration
esign for and public data) - . R

a0

We provide a module that controls hscMap from your Jupyter session.

35

o » S
)
2

# Make a hschap window

Preview for PDR 2024.4
Stable operation for PDR mid 2025 TBD

Let's move to a cluster.
20

15

wl.jump_to(178.06569503219896, 0.5213616148402609, 0.02)
10

Query objects near this region.
05

res
00

= hscdata.sql.pandas_read_sql(
SELECT

object_id
-05

Ldec
+i_cnodel_nag

| _crodel_nagerr
0 [ 2 & Python 3 (ipykernel) | Idle

mag
D g FRoM

2 master* Simple

.y_cnode_nagerr
pdr3_uide. forced
WHERE
boxSearch(coord,
178.03625743496647, 178.09486826413684,

0.5035015625910305, 0.5415531902883559)
AND isprimary

Plot them onto the hscMap window.

catalog = w1.catalogs. fron_query_result(res) 42173293196763340
178.0529065866574
I Hover your mouse cursor o the objects to see their properties.

0.5156735047576662
22.5423946
, 0.25] # Change the plot's color BT

catatog.color = [0, 1, 1

wl.catalogs.clear() # Remove the allplots. R

Simple 0 [ 0 @ Python 3 (ipykernel) | idle

Mode: Command @ _Ln1, Col 1 _Demo.ipynb.
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System Development

A cluster for Science Platform 4
(HSC + Rubin collaboration) QuickDB and CPUs

s

System diagram for Prototype HSC Science Platform

Internet

133.40.210.0/24 VLAN210

133.40.208.0/24 VLAN208 ITSO
coreSW/FW

172.16.0.0/16

HSC PDR3 ITSO

100G/10G-SW — | T 100G/10G-SW

ADC OPNSense

Router Quickdb

ADC 100G/10G-
@CfCAL PDR3 |
File server SW
ADC 10G-SW |

VM CfCA 1G-SW
ADC-K8S

ADC-K8S Readonly
NFS / other FS

$ammmm———

master dep|0y master

cfca2

notebook HSC Lustre

P MetallLB
Mng. Ingress

K8S worker notebook

Lustre | worker

Account User Volumé

User Volume Mng.
(NFS)

File server Keycloak

K8S worker DA room CfCA room

Ina new computerroom 5 rqware assisted by CfCA

19

ITSO
100G-SW

ADC 1G-SW

Rubin
Cluster

K8S worker

notebook

Shared server
Room




