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Motivation (FfZ5Eh1)

@ Hubble tension /\v7iLE#rsE Local universe earl
> dlscrepancy of HO (the present Hubble constant) ' H = 1399 H, = 67 37 <

Local universe vs early universe (CMB) » - M - — TR T R
> New physics ? EZ£EFILOFEUH ? WTEFEBRDAEE. YIEAFHE(CMB)BRDAIE - A1(2020) GESO 2020

ETHRED/IN\YITIIELDEDNERICAR—E

beyond ACDM, standard particle physics ?
. _ Milk KD $RAT LMC (KX E€5: NGC4258 (M106
> Systematics 7?7 En&bRMEEREHL? ; ,- - ( 7/ . oY)

ex) Cepheid problem ? L7711 D
BRIEICEZD
> Local distance ladder afsiEREELC SEST(T7 > H—)
only 3 galaxies accessible for calibration &R 3 2. s
© FAHIRXE | © A H T KKA © WA B BIIT, W
A

@ This project M31 (7YROAS)
> We aim to add M31 as a new calibrator. g
> We have to determine the absolute distance to M31.

> Subaru/HSC is an unique facility for this end.
FIEBDEREBETP Y FOX YR IXTOIRITEERE =

SmaECAIEL. 4D80D 7Y H—iRaAN | I — T




Geometrical distances & anchor galaxies (3{aJEpEf & 77 > 1 —3RJ0])

Anchor Galaxies : Galaxies with absolute (geometric) distance measurements
for Zero-point calibration of relative distance indicators.

PIUN—IR B 7 A FREDERIBERADO CORKIECKHEELRD X (E{a]) EBREIVEIE SN TSR

Milky way (R®DJIIERAT) LMC (K<€5>) M31 (7 ROAZERAT) NGC4258 (M106)

IRIK FIFH oI gE7R
7Y Hh—iR0]

Accessible
anchor galaxies

© T A AT RKXA © T4 Hh T KXE © WHURS: Blo @A, i © THHUKE: B BN, i

o o o o
Distance (EPEf) ~ 10 kpc ~ 50 kpc ~ 0.7 Mpc ~ 7.6 Mpc
Precision ({8%) ~1 % Gaia, HST ~ 1.5 % Pietrzynski et al. 2019 ~ 4.5 9% Vilardell et al. 2010 ~ 1.3 % Reid et al. 2019
. ) . . — . ! — Water M
Method (FE) Parallax (FEERZE) Eclipsing Binary (BE£) Eclipsing Binary (BEZ£) (7Ja<>e(l‘_;ie)r

~0O(100) systems are requested for < 1% precision
<1% OBREERDLEOICIE HBREOBEEZEZRNNE

h
2

2 systems of Eclipsing Binary (2B ERE




Eclipsing Binary method (:
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d : geometric distance (k)
F : absolute flux (ffixf7 7 v 7 R)

F°% : apparent flux (B3] 7 7 v 7 X)
R : star radius (K{EHER)

a : semi major axis (WLER5)

P : Period (JAH)

J

v : radial velocity ({555 )

® colour-surface brghtness relation
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- Best fit K/Ks photometry
1-0 best fit K/Ks (orus = 0.00508 mag)

HH K photometry
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Salsi et al. 2021, A&A 652, A26 (2021) https://www.aanda.org/articles/aa/abs/2021/08/aa40763-21/aa40763-21.html
CC BY 4.0 https://creativecommons.org/licenses/by/4.0/



M31 archive data by Subaru HSC (9 (% $=# HSC [CKDBEDT—H)

S14B-098 S17B-076 S18B-093| S20B-032 S24B-069 S25B-129
Takada et al. Takada et al. Takada et al. Sugiyama et al. Naokawa et al. || Naokawa et al.
| | | | | | | | | | | | >
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
90 sec X 133 90 sec X 223 90 sec X 90 90 sec X 876 7 half nights 10 half nights
We proposed

= 0.80 1

0.75 4

continuous large-scale monitoring !!
= . BN TARIERERIBAERE

However, archival data is ..
O] Lk - not enough to cover ~ 5 days period.
' * not consecutive.
p Sy 2017-09-20 2020-10-22 2020-11-14 o . .
2014-11-24 2020-10-21 2020-11-11 2020-11-20 P—hAITT—=3FTREHED IT8EHEI THLRL,

00000000000000000000000000000000000000



Credit : HSC-SSP, NAOJ



Subaru HSC
S24B-069
Naokawa et al.
2024-11-28
visit = 341350




M31 time-domain survey using Subaru HSC@'( SC [C&D M31 DEfEEHY — /1)

( N[ )

S24B-069 S25B-129

Naokawa et al. || Naokawa et al. 'i?f = ' % %
===[| [E==]] [E== ===[| [===]] [E=E]
g J Y, EEEHINEEEIEE === | ES8] ] 222
| | >
2024 2025

Primary Reduction

(TRAULIE)
hscPipe v8

Bosch et al. (2018)

Image Subtraction

(B =5 4T)

Massive Data Analysis

2024B 20258 B e 0 2
90 sec X 930 visits 90 sec X 1241 visits Image Subtraction - [ E 4
s o
spanning 6 nights spanning 10 nights Alard & Lupton (1998)

N. Yasuda S. Sugiyama
#H K (IPMU) #1U K (IPMU)

from HP of Sugiyama-san
hSCPIpe v8 from HP of IPMU

Niikura et al. (2019)

https://db.ipmu.jp/member/personal/439ja.html



https://db.ipmu.jp/member/personal/439ja.html

i H — )

Period ([EHA) 1.6 day
mag ~ 22

Primary Reduction

(1R0ER)
hscPipe v8

Bosch et al. (2018)

Period (BHA) 2.7 day
mag ~ 22

Image Subtraction

(Ef&E 734 )

Flux (72w 2 RX)

Massive Data Analysis

Period (BHA) 3.9 day
mag ~ 22.5

Sugiyama et al. (2026)

Image Subtraction

Alard & Lupton (1998)
Niikura et al. (2019)

hscPipe v8 Phase ({iz18)

The radec and other information of these known Eclipsing Binaries are from Vilardell et al. (2010)



M31 time-domain survey using Subaru HSC (9 (d3 HSC (&2 M31 DiE#EH —/X1)

S14B-098 S17B-076 S18B-093| S20B-032 S24B-069 S25B-129
Takada et al. Takada et al. Takada et al. Sugiyama et al. Naokawa et al. || Naokawa et al.
| | | | | | | | | | | | >
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

In total, ~3600 visits of
uniform & homogeneous
time-domain dataset of M31.

7Y ROXYIRODELERCXTIT D
3600 b D — R8RS T —5

2024B 2025B
90 sec X 1382 visits 90 sec X 930 visits 90 sec X 1241 visits

archive

This is a legacy data !l a4/ &ICFIARTEE!




M31 time-domain survey using Subaru HSC (9 (d3 HSC (&2 M31 DiE#EH —/X1)

Phase coverage of periodic variable stars (< 6 days)
EEHE (<68) BHEICHT D [ H/(—FK

120

—— SMOKA + 24B + 25B
—— SMOKA only 100 % coverage for < 2 days

'_0'100' 3 m'l “
S 't m‘ 28 DZHEE100%H) (—
O 80
?60 IL ““|I Mlmm ulhhl HE B B EEEEEEEEEEEEENEENEEENETR
— AL .
% 60- | ‘ ' | 60-70 % coverage for ~5 days
S o SEREDRERDERER
g % 3 LTH 60-70% 5/ \—
~ 20
0

Period [day]




Other science cases (FDDORIZBE)

from HP of Sugiyama-san

Casel : Independent tests of Microlensing & PBH candidates
N1OO0LYX & R8T 5 v OMR—I)l (ZESROIRIIREE

" 2014- 2017-09-20/1,5/75
(T,
M”W { | M L
-5 ro |
| ' 2(;20-10- ' l ' ' 2(;20-10-22'/1,5/75 ' |
W‘*‘ﬁw‘ B
| 2(')20-11-11' 1,5/75 | | |

23.0:IlIIIIIlIIlIIl::IIIIIIIIIIIIII
- 2014-11-24 2017-09-20

S. Sugiyama
21l K (IPMU)

Now, we are checking

variabilities of these candidates
using 24B8/25B data.

TR S 24B & 25B OF—4EBWT

~ 12 event candidates reported Contamination of [BERZ & D/ EA IR (CIREED
from 2014-2020 data variable stars ?
2014-2020FE DT —9H 51 2BRDIERH ZEHEETEXREL EWVSIER

Sugiyama et al. (2026) arXiv : 2602.05840 Mro6z & Udalski (2026) arXiv : 2604.001 1

CC BY 4.0 https://creativecommons.org/licenses/by/4.0/



Other science cases (FDMORIZBE)

i

Case?l : Failed supernova candidate in M31 («curzgmersRanrE:

De et al. 2026 + Subaru archive

0 WST HST cycle34|
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M31 time-domain survey using Subaru HSC (97 (d% HSC [c &3 M31 DEFEEh —X1)
S14B-098 S17B-076 S18B-093| S20B-032 S24B-069 S25B-129
Takada et al. Takada et al. Takada et al. Sugiyama et al. Naokawa et al. || Naokawa et al.
| | | | | | | | | | >
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

This is a legacy data !ll, but---

The data size is too large. Time domain survey requires
specialities, large computatior al & storage resources.

CDEOSBAABRLATY —FT —5 OSREehERMT (X
HPRIT + 5TEER + B= b\M\}%

In the future, we would like to share the science output
like light curves with the community. — = = = —

ISSE8 (S HERIRE EDERMEBREZ AR LIEWL — — — cR

Already started discussions with the Astronomical Data Center (ADC) at NAOJ
FIIAX S ADC OAR EESHFZHRIBLTULS,

M

The radec of these known Eclipsing Binaries
are from Vilardell et al. (2010)




M31 time-domain survey using Subaru HSC (9'(£% HSC (&2 M31 DOE5REEhH — 1)

S24B-069 S25B-129 S26B-015
Naokawa et al. || Naokawa et al. || Masuda et al.

Radial velocities ,

(?R"??/

New’ Onohi’ ura PFS proposal for radial velocities accepted !
4 half nights  (fR#HREAE D=8 PFS 43%& ##iR)

For the Radial Velocity observation
0.25 night X8 or 0.125 night X 16 is better than 0.5 night X 4

48+ 258 SHEMTREEEDATED=DICE, LUKIDHBBATE—RDLE,
One Humble Request to the Committee T IEBEZREEADEHEEL)




> The Iargest ever time domam survey of M31 usmg Subaru HSC

'd'lié HSC %’:FFJL\K_ 7/I~EI)(5' fE,_I (M31 ) @j(fﬁ*%ﬁf'aﬁﬂiﬂ'—’\’f Eﬁﬁb’d\é
> ‘We obtamed contmuous ~2200 V|S|ts W|th 90 sec exposure eac:h in 24B & ZSB

$2Eﬁsﬁ’( 90?’)‘.?27‘57& ’r’J 2200. L_’hEI’JL.EE,EUL,f_O + 14

> With archlval data we can explore W|de var|ety tlme domaln astronomy |n M31
F FATF— %ebﬁaa M31l_dblié*ibfaﬂ%FaﬂiﬁfSC%EE 15

> In the future we would I|ke to share the Ilght Curves W|th Communltles
RIS, fcrtmié-;am T %‘:Lf("l%ﬁbm\

o more erX|bIe mode Of PFS ( Onohl ura) |s requlred for cadence observatlons
J:UH#FEEJ%?’U/uK_ EE,EIFE |~7f)\ PFS (j— /t'j7) L*&bbhft\é - A



