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Pan-STARRS 1

- Panoramic Survey Telescope And
Rapid Response System (Pan-
STARRS)

- Wide-field imager, 1.4 Giga pixel,
~7 deg® F.O.V with 0.25"/pixel

- 3Pi survey (Dec>-30 deg): 30,000
squared degrees ing, r,i, z,and y,
about 1 mag deeper than SDSS

- Plus selected deep fields for SNe,

planets, M31
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PAndromeda in a nutshell
- Observed M31 in 2010-2012, from July to Dec.

0. 2% of the 3yrs PS1 observing time (including overheads)
- 1.8m PS1 telescope, ~7 deg2 F.O.V., 0.25"/pixel
- rps and i : up to 2 visits per night
- 9ps, Zps, Yps * Sparse exposures in 3 yrs
Main goals:

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

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



PAndromeda footprint
_ WFC/INT ~0.3 deg?,
Calchi Novati+ (2005)

. 'Q

PS1 ~7deg?, Lee+ (2012)
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Observation Cadence

Distribution of the observations
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Fig. 1.— The distribution of the observations of PS1 towards M31. We plot the monthly fraction

of nights in the rp,-filter during the 2010, 2011 and 2012 seasons. In general, the observations

cover most of the time in the second half of each year.

Lee et al. (2014)



Data Analysis

warped images
delivered by IPP

' :

reference limages yisit stacks
stack of the 70 best-seeing stacks of all images taken in
1mages one visit

l

matching zero points and background to
reference image

'

visit stacks — PSF matched reference
umage

v

a) light curves of each pixel
b) light curves of resolved sources

' '

applying detection critenia to applying detection algonithms to
light curves of cach pixel light curves of resolved sources

Use our own image
subtraction software
mupipe (Goessl &
Riffeser 2002) and MDia
(Koppenhoefer 2013) to
obtain high quality
lightcurves in crowd
fields

Kodric et al. (2013)



Microlensing - Event position

Fig. 14.— Position of the six microlensing event candidates detected in the central 40" x 40/
region of N31 from PAndromeda. The coordinates. RA (J2000) in hour and Dec (J2000) in

degree are also shown in the figure. The FOV of this image is 40’ x 40'. _ee et al. (2012)



Microlensing - Lightcurve examples
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2009 Cepheids
- Largest published sample to-date

Type I Cepheids trace the spiral arms Type IT Cepheids trace M31 halo
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Cepheids
- Age distribution
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Cepheids

- PL relation

PS1 optical photometry
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Pan-chromatic Hubble
Andromeda Treasury (PHAT)

Dalcanton et al. (2012)
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Cepheids
- PL relation

PS1 optical photometry

HST IR photometry
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Beat Cepheid — Metallicity Tracer

» Cepheids pulsate at two radial modes
simultaneously

. P = 2796354 d
5 1 15
phose

Image Credit: OGLE team

» 17 beat Cepheids in PAndromeda
sample



Z from Petersen diagram

* [sometallicity tracks from
(2007)
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M31 Metallicity Gradient
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Metallicities of
Beat cepheids have
small errors.
Metallicities are
subsolar similar to
those from

HIT regions

(Z12).

Beat Cepheid
metallicities in the
inner disk

are smaller than
those

for PNe from the
outer disk



Eclipsing binary
- M31 as a distance anchor

Three steps to the Hubble Constant
Distant galaxies in the
expanding Universe
hosting Type Ia
Galaxies supernovae
hosting
Cepheids Cepheids
within and Type Ia
NGC 4258 supernovae
/

/
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Light redshifted (stretched) by expansion of space

24 - 100 Million Light-years 00 Million - 1 Billion Light-years

Credit: NASA, ESA, and A. Feild (STScl)




Eclipsing binary
- M31 as a distance anchor

« H, error budget (Riess et al. 2011)

Table 5§
Hy Error Budget for Cepheid and SN Ia Distance Ladders®

Term Description Previous RO Here Here

LMC  N4258  Na2ss AT’ 3 A NC h ors.:
Omchor Anchor distance 5% 3% 3% 1.3% .
Oachor- PL Mcan of P-L in anchor 25% 15%  14% ; M W Ce p h el d S

Onos—Pr/ VR Mean of P-L values in SN hosts 1.5% 1.5% 0.6 % 0.6%

asn/m Mean of SN la calibrators 25%  25% 19% 1.9% _ L M C
O SN Ia m-: relation 1% 0.5% 0.5% 0.5%

Roy 12 Cepheid reddening, zero points, anchor-1o-hosts 4.5% 0.3% 0.0% 1.4%

oz Cepheid metallicity, anchor-to-hosts 3% L1%  06% 1.0% - N G C42 58
oL P-L slope, Alog P, anchor-10-hosts 4% 0.5% 04% 0.6%

OWFIC2 WFPC2 CTE, long-short 3% 0% 0% 0%

Subtotal, oy, 10% 47 % 4.0% 2.9%

Analysis systematics NA 1.3% 1.O0% 1.0% - M 3 1 ?
Total, oy, 10% 48 % 4.1% 3.1%

Notes,

* Derived from diagonal elements of the covariance matrix propagated via the error matrices associated with
Equations (1), (3), (7), and (8).

b Using the combination of all theee calibrations of the Cepheid distance scale, LMC, MW parallaxes, and
NGC 4258,

€ For MW parallax, this term is already included with the term above.

Riess et al. 2011



Exquisite photometry from HST
» Cepheid PL relation (Kodric et al. 2014)
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Distance estimate with binaries

Detached eclipsing binaries as primary
distance and age indicators

By BOHDAN PACZYNSKI
Princeton University Observatory, 124 Peyton Hall, Princeton, NJ 08544-1001, USA

Detached eclipsing double line spectroscopic binaries offer an opportunity to measure directly
stellar parameters: mass, luminosity, radius, as well as the distance, The only non-trivial
step is the need to determine surface brightness of each component on the basis of something
measurable, like the color or the line ratios. Modern model atmospheres provide a fairly good
calibration of that relation, but empirical verification is possible, and it is needed to achieve the
highest accuracy. When this approach is fully developed the detached eclipsing binaries should

provide direct (single step) distances with ~ 1% accuracy to all galaxies in the Local Group.

1 2 2
L= ﬁ (R‘l' Fi,+ Ré’ Fz,,\) x 1070443
AR =EB-V)lk(A—V)+ Ry]

Bonanos et al. 2006



Information from LC and Spec.

e Light curve:
> period (P)
> inclination (i)
> eccentricity (e)
- fractional radii (Rp/a, Rs/a) '«
- 3rd light ratio (blending) N

() Spectra: f’_‘::., ..:.-..t.. :..:.j.:. RRRE
. temperature il TN ST
> semi-amplitudes (Kp, Ks)

P(Kp + Ks) V1 — &2

2

asini =

Vilardell et al. 2010
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Reddening
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298 Eclipsing binaries

- Classification (Rucinski 93, - Select bright detached
Pojmanski 02): systems for spec. follow-up:
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Long-period variables
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Long-period variables
- IR P-L relation
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Summary

- PAndromeda provides a wide, high-cadence
view of M31.

- With image subtraction method, we are able
to detect microlensing events and identify
different classes of variables.

- The 3-year light curves, as well as
classification of variables, will be released to
the public.



