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Motivation (FfZ5Eh1)

@ Hubble tension /\v7ILeEsmssE

. 5. 70
> dlscrepancy of HO (the present Hubble constant)

Local universe ~ Ho=73.29 4=p H,=67.37 _ early universe

Local universe vs early universe (CMB) Murakami ot al. (2023) Plank (2018) e

> New physics ? Z2£EFILORUH ? VIEFHEBEFRDOAEE ., WHEAFEH(CMB)EFRDAIFE - A1(2020 0FS0 2020
ETIRED/IN\ YT ILEHMDENERICAR—

beyond ACDM, standard particle physics ?

. _ Milk KNI $R5A] LMC (k7 £5: NGC4258 (M106
> Systematics 7?7 En&bRMEEREHL? ; ; = ( 7/ (M195)
ex) Cepheid problem ? TI7A D
: R BIEIC{EZD
> Local distance ladder afZeeatLc SEST (77> H—)
only 3 galaxies accesible for calibration ~ (3ZX 3 2 s
© FANTRLE | © FAATRKE
@ This project M31 (F2ROAS)

> We aim to add M31 as a new calibrator.
> We have to determine the absolute distance to M31.

> Subaru/HSC is an unique facility for this end.

THBLERT? Y KOX TR TORIIERE .
ﬁ 1# (L— /QIJ IE- lJ 49 G) J / jj /f%/j/\ ! Image Credit : Kiso Observatr, UToko (%ﬁﬁ?ﬁ%ﬁﬂ?ﬁﬂﬁ)

with
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Introduction : Local distance ladder GA{EREEE (S L &)

® There are diverse distance indicators
Cepheids (t7 7« RBZHE) TRGB (Tip of Red Giant Branch)
la supernova (a8 2) redshift (FKARS) ....

We need to calibrate zero point for these indicators

® Local distance ladder
- The first rung
geometry => Cepheids
F—E  BOI(FeX)EBRE => B 71 EF
- The second rung

Cepheids => Type la supernova
B LI 71 RFE = laBEBHHE

he third rung
Type la supernova

FEE |aBViBERE

2025/1/28 Subaru UM
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Detached Eclipsing Binary method (9Bt BEEE)

.
O Q 1 F [(R\’
A

2 _ -~ 2 .2
d_47r2F0bS a o

Detached Eclipsing Binary
(7 B .UE—E) d : geometric distance (ffx}FHEE)

F : absolute flux (faxf7 7 v 7 R)
Fobs ¢ apparent flux (#H 7 7 v 7 R)
R : star radius (RIEEE)

a : semi major axis (i8R F1EE)

@ light curve (GtEph#R)

@ colour-surface brghtness relation P : Period ()
(B-RHEIEE) y : radial velocity (#f55E FEE)

G

@ radial velocity ($R#F1X]

2025/1/28 Subaru UM



Requested DEBs & instruments (&7

/2N

-

EE ENBIRKIB)

We need to use enough short period ( < 5 days) eclipsing binaries.

 we can measure radial veocities with enough precision
RIRREZ TR AEBETHSICIE. SHUALLHD

GGy A=

If using brighter stars, not many main sequence.

- Eclipsing binaries of red giants with short period

are not detached.

BEEZTiaElL)

P -

We need deep time-series data.
- We want to measure ~22 mag stars.

EHAEE T REREEITRLRN,

- 90 secs for 1 exposure.

RWRFRINT—IDPHE (QOMEHRT22EFLNE

THR7=W),

We also need wide field of view covering M31.

M31 ZH/N—TF B[E|VRE

TR,

87 2\ SCHOOL OF SCIENCE
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Only Subaru can do that.

V/ located in the nothern hemisphere => We can see M31

V/ wide field of view =>We can cover M31 using HSC
v/ 8 m class telescope => We can reach 22 mag.

IERZ=RER. 7RAAYT ZhN—TBHLOVREFE
8MiRICKDERVMRIFEENZHEFF D, TIEDERF/RSFIEETHD




M31 DEBs with Subaru
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S24B-069 / half nights (3.5 nights) allocated

Naokawa et al.| Good quality in 6 half nights
TH¥RP ¥R CREDRLWT —YZH1F

. J

| |
2024 2025  Under reduction f##trd

- hew ~100 DEBs in M31 ?

PFS

- a few more surveys ?

for more samples
for longer light curves

NRREEEDY Y TILEE
HEHROT — Y ZB PRI D
(C. HERIENMHSCH —X1 ?

AR

f
e

< \‘\‘

/ H’(:‘ 1

TR

-, *PFS observations for radial velocities ?

PFS ZHUL\T M31 OO BB EE (HEE)
. DEERRE ZBIE ?

Credit: PFS Project/Kavli IPMU/NAOJ

Requests to community : Cadenced observation option
Queue : no cadance (time critical) option |
i Classical : unit is a half night (we need multiple separated ~45 min exposures.) |
, A5 (EFEDENZBRZRA T TREDITDO ZEMNRELL, RITOHBFIBRIC(E |
L 2O S BB TARBREAE L,

!

|
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>» Hubble tension & local distance ladder Summary

> Singal of new physics or a systematics ?
> Establishing robust distance ladder is quite important. Mahalo nui loa !

> Only 3 galaxies are used for anchors. Thank you !

>» M31 has a potential to be an additional anchor.
MEDEEEFLUCDEREZ@ LS. /\YIIILERBEZFCHDLOH. 7Y EOXYTIRTDIROEEEERIE I MROD TE

[T
)qnl

> This project
e >» Search hundreds of Detached Eclipsing Binaries (DEBs) in M3 1 with Subaru.

asure the absolute distance to M31 via the DEBs Lo e
- Cadence mode for PFS |
. Shorter unit for Classical |
| PFS T —FYERETREC |
L (DS YN EERBAN S /4R

o~




