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6. PS1 + HST = Cepheid IR PL: Kodrlc et al. 2015 Apd, 799, 144
... and many more! All summarized in:

Lee, 2017, “Time-domain Studies of M31”,
Astronomical Review (open access)




M31 - the closest spiral galaxy

1. Complete view of M31 vs. partial/limited sight-lines of Milky Way
2. Simple geometry, all sources at same distance (770 kpc)
3. Variables and transients bright enough/to be resolved

4. Metal rich (compared to LMC and SMC)

1st wave: Distance indicator surveys 2nd wave: Microlensing surveys
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3rd wave: ultra-wide CCD surveys
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PAndromeda in a nutshell

Scientific drivers

- Constraining the compact matter fraction in the
M31/MW halos

- Inventory of variables in M31, including Cepheids, binaries,
long-period variables

Observation strategy
- Observed M31 in 2010-2012, from July to Dec.

- 2% of the 3yrs PS1 observing time (including overheads)
- 1.8m PS1 telescope, ~7 deg2 F.O.V., 0.25"/pixel
- rps and ipg : up to 2 visits per night

- Gps. Zps, Yps - Sparse exposures in 3 yrs



Result 1: Microlensing
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Result 2: 2009 Cepheids
- Largest published sample to-date

Pan-chromatic Hubble
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Cepheids
- PL relation

PS1 optical photometry
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Cepheids
- Age distribution

0.5 7.0 0.5 1.0 1.5
2.0 I I I ] :

15 _— 100/- AN
» ’ ® o -
' . YRR 2 J .
- SRS AU oW gl T :
1.0 ‘ “or . “ .l‘ : - - 1 - h M
o"..'-':‘..-: J ﬁ' DO'_
.u "‘%‘?"fﬁ' ol ¢ . &
S +4 % T

. . ~'
05 P L

Egd y ke T [ I -4
v,',? .o', 1 ;t-‘ 20 .-?r )
DO Tv““‘&' " .“ -y e - F o
- A e ¥ e | ] ]
- - v e :
05 Ve v ‘.)'.' fi‘ s 128- I T T —
o Y . & . 3..-&_ et T f.":P_’ 1
AP e LA ..g;\-"",-" * 100 1
BT R e oYt I '
1.0 Pl gy, :
. R !
W |
1

-1.5F

5.8
_'&._
+-
e
4
——
—+
H

20 | Co
~20 -15 1.0 05 0.0 0.

migor axis [deg

o -0.5 2.0 0.5 1.0 1.5

t>70 Myr Gordon et al. 2006 Atfeal

<40 Myr Star formation ring at 10 kpc

Kodric et al. (2013)



Result 3: 298 Eclipsing binaries
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Eclipsing binary

- M31 as a distance anchor

» H, error budget (2.4%, Riess et al. 2016)

Tenm Description Prev. 109 R11 I'his work
LMC N4258 All3 Nd258 Al3
O nrchee Anchor distance, 1mean 0% 3% 1.3% 2.0% ( 1.8% )
T choPL Mesn of P—L In anchor b 1L.0% 0.8% L2% 057%
OheapPr./yTt Mesn of P-L vilues In SN s hosts X 1.0% 0.06% 0.4% 04%
vsx /v Musn of EN s valiimetons % 2.5% L9% L2% 1.2%
T2 EN [a m & relntion 1% 5% 0.6% 4% 04%
Ro,,, Cophold rodconing & colors. archeor-to-hosts 1.5% 0.3% 1.4% 0% 03%
g Cophold metallivity, avchardonds % 1 1% 10% nNn%  Na%
mp, P-L slope, A log P, anchartohosts 1% [ Y [ NI% NL%E
OWppe WFPC2 CTE, lng-skort 3% N/A [K/A N/A N/A
subtotal, oy, 0% 4.7% 29% 33%° 2.2%
Amlysis Systematics N/A 1.3% 1.0% 1.2% 1.0%
Toal, oy, 105 1.8% 4.3% 35% 24%

3 Anchors:

MW Cepheids
- LMC
NGC4258

M317

Riess et al. 2016



Making data public!
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Andromeda Real-Time Inspection System (ARTIS)

APAN SOCIFTY FOR THE PROMOTION OF SCIENCT
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1. Catalog & light curves from literature

2. Deep M31 Atlas: PHAT (1/4 M31 disk
from HST), LGS (deep optical imaging from
KPNO), ANDROIDS (optical+NIR from
CFHT), etc.

3. Reprocessing archival data (INT/WFCAM
1999-2002, CFHT/MegaCAM 2004-2005,
PS12010-2012), providing long-term g, r, i
light curves in a consistent manner

4. Online query system of difference imaging
analysis light curves at any given position




Online data-base (work in progress)

1. Query by catalog 2. Query by position
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Learn how to fish!!!

- a shameless advertisement
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-~ )
Studies of the

Andromeda Galaxy G a I aXy

(L T

-

Author: Chien-Hsiu Lee
Expected publication: May 2018
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with I0P Publishing to create an exciting new collection of
astronomy and astrophysics ebooks to further enhance the

AAS mission: “to share humanity's scientific knowledge of
the universe.”
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