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PAndromeda – Pan-STARRS & Andromeda 

Pan-STARRS - Panoramic Survey Telescope and Rapid Response System 



M31 surface-brightness             M31 rotation curve 

Kerins (2004) 

halo = 191 x 1010 Msun 

halo = 89 x 1010 Msun 
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Dark Matter 

Dark Matter 
lens 

Compact dark masses detectable with gravitational lens effect 
since events are rare (τ<10-6) and short,one needs long term, 
continous monitoring on large fields 
Large field also helps discriminating self- vs. halo-lensing 

Andromeda 

Milky Way 

microlensing towards M31 
n  halo-lensing: compact DM in MW & M31 halo 
n  self-lensing:  mass function in  

M31 bulge & disk 
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WeCAPP: central part of M31 2.8 x 3.6 deg 

37 x 47 kpc 

distance =  750 kpc 4/50 



~ 4 kpc 

Andromeda, M31  

WeCAPP - Wendelstein Calar Alto Pixellensing 
Project 

WeCAPP M31 central bulge field 

we monitored from 1997-2008 the central 4kpc of the bulge in R & I-band 
using the 1.23m Calar-Alto (2yrs) and 0.8m Wendelstein-telescopes 
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pixellensing: find variable sources with the 
difference-imaging technique 

difference image of 2 epochs redcuced image of M31 

foreground stars 
of the MW 

diffuse starlight of M31 
(several 100 stars per pixel) 

(Alard & Lupton 1998) 

lots of variable stars in M31 
and very few GL 
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WeCAPP: nights observed - 4 fields 

n  more than 1900 nights between 1997 and 2008 
n  20000 images reduced = 100 GB 

2000/01 01/02 2006/07 
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WeCAPP: completeness in the time sampling 

2000/01 01/02 2006/07 

n  best season was 2001/2002: 65% completeness 
n  observing simultaneously at two sites (Wendelstein 

& Calar Alto) 
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detection 
microlensing candidates 

9/49 



variable sources versus microlensing 
microlensing candidates 
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Difference imaging: 10 light curves  
peak 

days  
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M31 mirolensing event candidates 
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History of all M31 microlensing events 
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t0 distribution of all M31-events 

t0 of M31 lensing candidates (WeCAPP red, AGAPE/POINT-AGAPE (brown, 
blue, cyan), MEGA (green), Joshi (magenta), Loiano (yellow) 
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brightness distribution of all M31-events 

Flux excess of M31 lensing candidates (WeCAPP red, AGAPE/POINT-
AGAPE (brown, blue, cyan), MEGA (green), Joshi (magenta), Loiano 
(yellow) 
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time-scale histogram of all M31-events 

n  FWHM time-scales of M31 lensing candidates (WeCAPP red, AGAPE/
POINT-AGAPE (black, blue, cyan), MEGA (green), Joshi (magenta), 
Loiano (yellow).  

n  contamination by misidentified semi-regular variables may be significant 
for time scales larger than 20 days 
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galaxies described by 5 distribution functions: 

n  density 

n  velocity 

n  color-luminosity relations 

n  mass function 

n  extinction  

Modelling M31 

! 

"(x,y,z)
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pv (vx,vy,vz,x,y,z)
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snapshot view (no evolution): time-independent 

star formation history &  

chemical evolution 
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microlensing tFWHM-ΔF distribution function 

depending on directly measurable quantities:     x y  tFWHM  ΔF  C 
  

! 

d5"(x,y,tFWHM,#F ,C)
dx dy dtFWHM d#F  dC

=
2

tFWHM
3

l
$

s
$ % l (m) pcmd (M,C) ns(x,y,Dos)

0

&

'
(&

+&

'
0

&

'

) *
F0

+l (x,y,Dol )RE
3pvt ,ls(v t )dDol

0

Dol
,

' +-,+l (x,y,Dol
, )RE

, 3 pvt ,ls(v t
,).,2du0

0

u0
,

'
/ 

0 
1 
1 

2 

3 
4 
4 
 dDos dM dm

without 
finite-source 
signatures 

with 
finite-source 
signatures 

Riffeser et. al. 2006 ApJS 163, 225  &  astro-ph/0510723 
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Example: tfwhm – distribution of events at 1arcminute  along 
the major axis in the point source approximation ….                       

(Riffeser et. al. 2006)  
 
 
 
 
 
 
 
 

…. and after finite source sizes are accounted for : 
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tFWHM distributions for different MACHO masses 
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WeCAPP prediction: number of candidates  

n  selflensing (red): M31 bulge + disk 
n  halo-lensing (blue): M31 (black)  + MW (brown) 
n  measured events (green) 
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RESULT: total MACHO mass in the halo of M31 

n  total MACHO halo mass to explain our lensing result, depending on 
which mass the halo consists of 

n  bulge mass = 4.4 x 1010 Msun            disk mass = 4.2 x 1010 Msun 

M31 MACHO halo >= factor 3 than bulge + disk 

MACHO mass [Msun] 
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 Results of WeCAPP 

n  understanding of variables ((fast) novae, LPV) is important to 
eliminate     contaminations by variables 

n  24000 variables (in 4 years) of data identified and classified according 
to their period-amplitude relation (Fliri et al. 2005) 

n  10 ML events found (Riffeser et al. 2001, Riffeser et al. 2011 in prep) 
n  event time scale distributions peaks towards short events, as 

predicted from detailed theoretical modeling (Riffeser et al. 2006)  
n  too small number statistics to claim an (a)symmetry of event 

distribution (dust!)  
n  interpretation of WeCAPP-GL1, based on its brightness: more likely to 

be a  halo-event (Riffeser et al. 2008) 
n  detection efficiency currently analyzed (Koppenhöfer et al. 2011 in 

prep) 
n  finite source M31-lensing events are likely to be observed in the near 

future (2m telescopes) 
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M31 

WeCAPP 

PAndromeda 
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M31 

WeCAPP 

PAndromeda 
13:16 25/37 distance =  770 kpc 

M32 = NGC221 

M110 = NGC205 

2.8 x 3.6 deg 

37 x 47 kpc 
M31 = NGC224 
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PanSTARRS - Panoramic Survey Telescope & Rapid Response System 
n  wide-field imaging facility 

developed at the University of 
Hawaii's Institute for 
Astronomy.  

n  The combination of relatively 
small mirrors with very large 
digital cameras results in an 
economical observing system 
that can observe the entire 
available sky several times 
each month. 

n  The PanSTARRS camera is 
the largest digital camera ever 
built 
It has about 1.4 billion pixels 
spread over an area about 40 
centimeters square  

n  PS1 is now operational on 
Mount Haleakala; its scientific 
research program is being 
undertaken by the PS1 Science 
Consortium - a collaboration 
between 10 research 
organizations in 4 countries 
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PS1 Science Consortium (PS1SC, http://ps1sc.org) 

n  University of Hawaii, Institute for Astronomy (IfA), Pan-STARRS 
Project 

n  Max-Planck-Institiut for Astronomy, Heidelberg (MPIA) 
n  Max-Planck-Institut for Extraterrestial Physics, Garching (MPE) 
n  Dept of Physics and Astronomy (JHU) 
n  Harvard-Smithsonian Center for Astrophysics (CfA) 
n  Las Cumbres Observatory Global Telescope Network 
n  Extragalactic Astronomy and Cosmology Research, Institute for 

Computational Cosmology   and Ogden Trust (Durham) 
n  University of Edinburgh Institute for Astronomy 
n  Queen's University Belfast (QUB), Astrophysics Research Center  
n  Graduate Institute for Astronomy (NCU - National Central University 

Taiwan) 
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PanSTARRS: Orthogonal Transfer Array (OTA) 

n  array of CCD devices, each containing approximately 600 x 600 pixels 
n  The individual CCD cells are grouped in 8 x 8 arrays on a single silicon 

chip called an orthogonal transfer array (OTA), which measures about 5 cm 
square. 

The OTA consists of an 8 x 8 array of 600 x 600 ccd devices, each of 
which can be controlled and read out independently. 

frontside backside 
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PanSTARRS 
n  array of CCD devices, each containing approximately 600 x 600 pixels 
n  The individual CCD cells are grouped in 8 x 8 arrays on a single silicon 

chip called an orthogonal transfer array (OTA), which measures about 5 cm 
square. 

n  There are a total of 60 OTAs in the focal plane the telescope, for a total of 
about 1.4 gigapixels = 2.6 GB 

n  The focal plane of each camera contains an almost complete 3840 CCDs 
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advantages of many CCD 

n  3840 CCDs with 600 x 600 px 
n  small CCDs can be read out more quickly than large 

ones. 
n  a manufacturing defect usually cripples a single CCD:  

by dividing the focal plane into a large number of CCDs 
the damage caused by a chip faults is limited.  

n  slightly imperfect chips:  
saved cost and manufacturing time 

n  bright stars can saturate CCDs very quickly: 
CCDs which include a bright star image can be set to 
read out very fast, with no ill-effects on the neighboring 
CCDs. 

n  The CCDs all use orthogonal transfer technology that 
reduces blurring by the earth's atmosphere 30/49 



schematic view gigapixel cameras 

Here about half of the 60 OTA devices  can be seen through the 56-cm diameter 
window, which also comprises the final corrector lens in the optical path of the 
telescope.  
The four grey boxes on each side of the camera contain the readout electonics for 
the OTA devices.  
The overall length of the camera is about 1.5 meters. 31/49 



primary mirror 
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schematics of the PS1 telescope 
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Pan-STARRS facts 
n  begin of Science Mission: May 2010 
n  world's largest digital camera 
n  designed at the University of Hawaii Institute for Astronomy 
n  operated remotely on mount Haleakala (3200m) from the IfA's Research 

Center on Maui (PI: Nick Kaiser) 
n  1.8-meter primary mirror 
n  wide field of view of PS1 requires a much larger secondary mirror 
n  1.4 gigapixel camera  
n  PS1 takes an image every 30 seconds (Read-Out = 18 sec) 
n  special fields that are visited nightly 

n  a deep survey of the Andromeda Galaxy 
n  PS1 Science Consortium that is funding the initial three-year PS1 

Science Mission.  
n  future: PS4 as an four-telescope Pan-STARRS array on Mouna Kea 
n  funding for the development: U.S. Air Force 
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-    Wide-Field Imaging with 7 square degree field 
  
-  3Pi Survey:  30000 sqdeg in g‘r‘i‘z‘y in 3.5 years ~1 mag 

deeper than   SDSS 
 
-    plus selected deep fields for SNe, planets, M31 
 

 Pan-STARRS science 
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Key Science Projects 
n  Populations of objects in the Inner Solar System 
n  Populations of objects in the Outer Solar System 
n  Low-Mass Stars, Brown Dwarfs, and Young Stellar Objects 
n  Search for Exo-Planets by dedicated Stellar Transit Surveys 
n  Structure of the Milky Way and the Local Group 
n  A Dedicated Deep Survey of M31 
n  Massive Stars and supernova progenitors 
n  Cosmological Investigations with Variables and Explosive 

Transients 
n  Galaxy Properties 
n  Active Galactic Nuclei and High Redshift Quasars 
n  Cosmological Lensing 
n  Large Scale Structure 
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M31 

d = 40 kpc 

microlensing 

variable sources 

deep 3 yr photometry 
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Pandromeda: Motivation and goals 

n  Nature of DM in the halos of  M31 and MW 
n  M31- Bulge Mass Function at the low mass end? 

n  M31-stellar population inventory: 
n  CMDs of PMS stars ... 
n  improve our knowledge about peculiar stellar 

evolution phases in (AGB phase, variability of 
supergiants, novae etc.) 

n  12 `footprints‘, e.g.  analyze proper motion of  
MW-stars, variability of eg. background QSOs 
in the field. 
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initial survey assumptions 
n  psf (with OTA) = 1.2 arcsec at AM 1.4 
n  ZP (g’,r’,i’,z’,y) = 25, 25, 25, 24.5, 23 mag 
n  sky (g’,r’,i’,z’,y)  = 22, 21, 20,19,18 mag/sq” 
n  RON = 7 e- 
n  sampling = daily 
n  assumed bad weather fraction = 30% 
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aims 
microlensing variable sources (nightly) deep photometry (3 yr) 

events for 20% 1 Msun halo point source 5 sigma 
detection limit 

point source 5 sigma 
detection limit 

>50 ev/yr *) g’ = 24.2 mag  g’ = 27.1 mag  

self lensing events r’ = 24.4 mag r’ = 27.7 mag 

>20 ev/yr *) i’ = 23.7 mag i’ = 26.9 mag 

z’ = 22.9 mag z’ = 25.8 mag 
*) without detection efficiency correction" y = 20.6 mag y = 23.5 mag 



Event rate predictions: 
1.2’’ PSF, 720sec r-band,  

total SL-rate: > 20/yr 
(6 sigma at LC-peak, no efficiency correction) 

 

start of M31 observations:         July 2010 
data flow:    160GB/night 
end of first season:             December 2010  
alerts planned & follow up:              2011 

 

Autumn 2011: parallel monitoring with own 
            2m-telescope with 30’x30’ Camera  
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Spatial distribution/asymmetry of events? 

n  Halo-lensing is asymmetric because of inclination of M31 
n  The expected halo-bulge asymmetry is (almost) zero 
n  The expected halo-disk asymmetry should be measurable 

n  However: self-lensing will be also asymmetric, because the 
bulge and disk population have different mass- and 
luminosity functions:  
n  the bulge-disk self-lensing will be increased on the far side of disk 
n  the disk-bulge self-lensing is only marginally increased on close side 

of the disk 

n  Dust makes sources less easy to be detected on close side 
of disk, and therefore will mimic an lensing-asymmetry 

41/49 



PAndromeda: season 2010 strategy 

n  only filters r‘ and i‘ 
n  2 integrations per night separated by 4-6 h 
n  2 x 360 sec in r‘ 
n  2 x 240 sec in i‘ 
n  5 months 
n  AM always below 1.4 
n  aim: microlensing with short time scales of approx. 1 day 
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PAndromeda first season 2010 

n  7/23/2010 till 12/27/2010 = 5 month’s 
n  91 nights (58%) 
n  total: 1782 images 
n  ~ 20 images / night (160 GB) 
n  12 x 60 sec in r’, 8 x 60 sec in I’ 
n  20 min exposure + 10 min for pointing, filter change, read-

out, focusing, guide star acquisition 
n  r’ band: 90 nights, 1179 images, 70740 sec 
n  i’ band: 66 nights, 603 images, 36180 sec 
n  amount of reduced data: 14 TB 
n  latency: 2-3 days 
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2.5 PAnd 1:   α: 00:42:17.9  δ: 41:11:14   ΔM31=13.57’PAnd 1:   α: 00:42:17.9  δ: 41:11:14   ΔM31=13.57’PAnd 1:   α: 00:42:17.9  δ: 41:11:14   ΔM31=13.57’PAnd 1:   α: 00:42:17.9  δ: 41:11:14   ΔM31=13.57’PAnd 1:   α: 00:42:17.9  δ: 41:11:14   ΔM31=13.57’

t0=5479.1    tfwhm= 1.3 d    Feff=20.4 mag    χn= 1.1t0=5479.1    tfwhm= 1.3 d    Feff=20.4 mag    χn= 1.1t0=5479.1    tfwhm= 1.3 d    Feff=20.4 mag    χn= 1.1t0=5479.1    tfwhm= 1.3 d    Feff=20.4 mag    χn= 1.1t0=5479.1    tfwhm= 1.3 d    Feff=20.4 mag    χn= 1.1
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PAnd 2 
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t0=5433.3    tfwhm= 2.2 d    Feff=19.9 mag    χn= 1.1t0=5433.3    tfwhm= 2.2 d    Feff=19.9 mag    χn= 1.1t0=5433.3    tfwhm= 2.2 d    Feff=19.9 mag    χn= 1.1t0=5433.3    tfwhm= 2.2 d    Feff=19.9 mag    χn= 1.1t0=5433.3    tfwhm= 2.2 d    Feff=19.9 mag    χn= 1.1
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PAnd 2:   α: 00:42:31.8  δ: 41:15:23   ΔM31= 4.80’PAnd 2:   α: 00:42:31.8  δ: 41:15:23   ΔM31= 4.80’PAnd 2:   α: 00:42:31.8  δ: 41:15:23   ΔM31= 4.80’PAnd 2:   α: 00:42:31.8  δ: 41:15:23   ΔM31= 4.80’PAnd 2:   α: 00:42:31.8  δ: 41:15:23   ΔM31= 4.80’

t0=5433.3    tfwhm= 2.2 d    Feff=20.3 mag    χn= 1.2    (R−I) = 0.4t0=5433.3    tfwhm= 2.2 d    Feff=20.3 mag    χn= 1.2    (R−I) = 0.4t0=5433.3    tfwhm= 2.2 d    Feff=20.3 mag    χn= 1.2    (R−I) = 0.4t0=5433.3    tfwhm= 2.2 d    Feff=20.3 mag    χn= 1.2    (R−I) = 0.4t0=5433.3    tfwhm= 2.2 d    Feff=20.3 mag    χn= 1.2    (R−I) = 0.4
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PAnd 3 
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first Pandromeda events in central field (21‘ x 21‘) 

PAnd 1 PAnd 2 PAnd 3 
t0 - 2450000 5479.1 5433.3 5451.4   
α (2000) 00:42:17.9 00:42:31.8 00:42:38.4  
δ (2000) 41:11:14 41:15:23 41:17:17    
∆d to M31 13.57’ 4.80’ 3.14’ 
tFWHM [d] 1.3 2.2  1.9 
ΔF in r [mag] 20.7 20.3 19.1 
ΔF in i [mag] 20.4 19.9 18.5 
χdof in r 1.0 1.2 1.4 
χdof in i 1.1 1.1 1.5 
(r − i) 0.3 0.4   0.5         
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Season II starting in July 2011  

n  filters r‘ and i‘ with separated integrations per night 
n  also g‘ y‘ and z‘ band to study other aspects of M31:  

n  mass function of stars 
n  luminosities of stars  
n  density of stars 
n  extinction 
n  variability in red bands 

n  alerting microlensing events with 2 telescopes: 
n  1.8 m Pan-STARRS (Maui) 
n  2.0 m Wendelstein (Germany) 
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WFT - Wendelstein 2m RC Fraunhofer Semi-Robotic Telescope 
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design by Kayser Threde & Astelco 

first light: 
summer 2011 


