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Motivation: Cluster MFs & evolution

• Mass function: slope(s), universality

• Evolution of clusters: 
how do they dissolve into the field

• Binarity

• Stellar evolution
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12 IMF variations?

where mass segregation is likely to have occurred, the authors determine the mass function for
the full (global) cluster, or if not possible, at the half light radius which is not expected to
be strongly affected by mass segregation. They find that all young clusters and star-forming
regions are well fit by α = 2.1 ± 0.2 (consistent with the Salpeter value), β = 2.4 ± 0.4, and
mp = 0.23±0.1 M!. A selection of their full sample is shown in Fig. 3. Some of the dynamically
older clusters in their sample (e.g. M35, the Pleiades, and globular clusters) have systematically
higher mp values, however this shift likely represents dynamical evolution where the lowest mass
stars “evaporate” (Baumgardt et al. 2008; Kruijssen 2009). Hence there is an expected, and
observed, correlation of mp with the cluster relaxation time (de Marchi et al. 2010).

Figure 3: The derived present day mass function of a sample of young star-forming regions
(§ 2.3), open clusters spanning a large age range (§ 2.2), and old globular clusters (§ 4.2.1) from
the compilation of de Marchi, Parsesce & Portegies Zwart (2010). Additionally, we show the
inferred field star IMF (§ 2.1). The dashed lines represent “tapered power-law” fits to the data
(Eqn. 6). The arrows show the characteristic mass of each fit (mp), the dotted line indicates the
mean characteristic mass of the clusters in each panel, and the shaded region shows the standard
deviation of the characteristic masses in that panel (the field star IMF is not included in the
calculation of the mean/standard deviation). The observations are consistent with a single
underlying IMF, although the scatter at and below the stellar/sub-stellar boundary clearly calls
for further study. The shift of the globular clusters characteristic mass to higher masses is
expected from considerations of dynamical evolution.

2.3 Young Clusters and Associations

2.3.1 Primordial and Dynamical Mass Segregation An additional complication in
IMF studies comes from the spatial distribution of stars within a cluster or association. The
most massive stars in large, young clusters are often located in a cluster’s innermost regions.
This phenomenon is known as “mass segregation” and there are two proposed causes. The
first is that mass segregation is primordial, with massive stars forming preferentially at the
center of the cluster potential. Primordial mass segregation requires that high density regions
within a star-forming cloud form a larger proportion of massive stars than lower density regions.
Theoretical explanations for primordial mass segregation range from coagulation models where
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Outline

• Pan-STARRS1, the most ambitious optical survey of the decade

• Instrument

• The 3π survey

• The Hyades cluster: 

• search for UCD members at large cluster radius

• PS1 parallax search for nearby BD members
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• 1.8-m dedicated telescope in Haleakala

• 7-sq.deg. FoV and 1.4 Gpix

• 13-sec overheads

• ~80% filling factor

• 3.5-year duration



Bertrand Goldman (MPIA) The PanSTARRS1 view of the Hyades cluster – Mind the Gap 4/09/13

GPC1

4

(Megacam)

• 1.8-m dedicated telescope in Haleakala

• 7-sq.deg. FoV and 1.4 Gpix

• 13-sec overheads

• ~80% filling factor

• 3.5-year duration



Bertrand Goldman (MPIA) The PanSTARRS1 view of the Hyades cluster – Mind the Gap 4/09/13

GPC1

4

(Megacam)

y

• 1.8-m dedicated telescope in Haleakala

• 7-sq.deg. FoV and 1.4 Gpix

• 13-sec overheads

• ~80% filling factor

• 3.5-year duration



Bertrand Goldman (MPIA) The PanSTARRS1 view of the Hyades cluster – Mind the Gap 4/09/13

The 3π survey

• makes 60% of the observing time

• 30,000 sq.deg., 5 filters x 12 exposures

• expect 10 measurements at a given location

• scheduling optimized for NEOs and nearby UCDs
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Photometric calibration

• Über-calibration à la SDSS

• Schlafly et al. (CfA/MPIA)
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PS1–SDSSPreliminary PS1 Photometric Calibration 11

Fig. 5.— Maps of the difference between the color-corrected SDSS magnitudes of stars and the internally-calibrated Pan-STARRS1
magnitudes of the same stars in the filters grizyP1 (rows). The x-axes give right ascension and the y-axes give declination. The rms of
the maps is about 10 mmag. Narrow stripes in right ascension are symptomatic of problems with the SDSS photometric calibration, while
rectangles in right ascension and declination indicate problems with the PS1 calibration. The filter used for each map is indicated in the
lower left, while the rms of the map is indicated in the lower right.
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Photometric calibration

• Über-calibration à la SDSS
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10 E. F. Schlafly et al.

Fig. 4.— Comparisons between the zero points of this work and zero points derived relative to the SDSS, for the filters grizyP1 (rows).
The left column gives the zero points of this work relative to the zero points derived from the SDSS, both in magnitudes. It also gives
the number N of images used in the comparison. The middle column gives the difference in mmag between the two zero points with the
SDSS zero points, in magnitudes. The third column gives a histogram of the differences in mmag, along with their mean µ and standard
deviation σ.

leading to varying zero points. An improved photometric
calibration would then include more freedom in the yP1
zero points, potentially incorporating additional informa-
tion about water vapor in the air, as has been proposed
in a number of works (Stubbs et al. 2007; Burke et al.
2010; Blake and Shaw 2011).

4.3. Atmospheric Stability

The stability of the atmosphere over Haleakala places a
fundamental limit on the stability of the Pan-STARRS1
system. The atmospheric transparency, however, can
only be separated reliably from the system throughput

when a wide range of airmass is probed over the course
of a night. On the typical night, however, the standard
deviation in airmass of all observations in a single filter
is less than 0.1. In the iP1 and zP1 bands, this corre-
sponds to less than 5 mmag of atmospheric extinction,
comparable in size to the typical model residuals, mak-
ing it impossible to reliably measure the airmass term k
in the photometric model for that night.

The problem is further complicated by the fact that the
photometric calibration has access only to the differences
in magnitudes of observations of the same stars. Even
when a night covers a wide range of airmass, if on another
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Astrometric calibration
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The Hyades survey

• Nearby cluster (47pc)

• brown dwarfs (Ls at the centre, closest Ts) visible in PS1

• study the spatial structure & dynamics

• Intermediate age of 625 Myr

• Large spatial velocity U,V,W = -41,-19,-1 km/s

• PM selection to remove field contaminants
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The PanSTARRS1 data around the Hyades
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http://de.arxiv.org/abs/1307.8124
http://de.arxiv.org/abs/1307.8124
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Candidate selection

• Kinematic selection:

• convergent point method: |V⫠|< 2 km/s & 7 deg

• proper motion from PPMXL

• small PM errors < 20 mas/yr

• 2MASS ‘A’ flag in J and Ks

• Photometry from PanSTARRS1

• Hunt for various problems:

• erroneously large PMs

12
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Photometric selection
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Photometric selection

13

Reddening

R11 candidates

gri candidates

Padova

Dusty
AGSS2009 CIFIST2011

G
ol

dm
an

 e
t 

al
. (

su
bm

itt
ed

 t
o 

A&
A)



Bertrand Goldman (MPIA) The PanSTARRS1 view of the Hyades cluster – Mind the Gap 4/09/13

Contamination
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Simulation Data
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Previous studies

• Double the numbers of candidates with m<0.15M⨀

• Refine Röser et al (2011) sample:
refine poor CMC photometry or PPMXL PMs

• Confirms 13 candidates of Bouvier et al. (2008),
rejects five (kinematic)

• Not sensitive to Hogan et al. L dwarfs (depth)

• 2MASS J0230155+270406 L0: Cruz et al (2007)
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Mass functions
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0<<3.1pc

3.1<<9pc

9<<18pc

18<<30pc
Simulation by 

Ernst et al (ARI)
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Binarity

• Crucial to get to the object MF

• Taisiya Kopytova+ (MPIA) AstraLux imaging

• Survey data

• ‘higher’ resolution imaging

• wide CPM binaries (outside of cluster centre)

• Joshua Schlieder+ high-res spectroscopy
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Cluster evaporation
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PS1-only PMs: 1st optical candidate

• 2MASS J04482244+2051433 M6V 
Luhman (2006) as Taurus candidate??

• PS1 PMs: +92±6, -36±5 mas/yr 
[no good match in PPMXL, USNO-B1, NOMAD]

• PS1 parallax:  19±7 mas 
vs. kinematic: 22±1 mas
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PS1-only PMs: 2nd optical candidate

• LP 155-252

• PS1 PMs: +121± 7,–75±7 mas/yr 
        vs.  +113,     –66      mas/yr* 

• PS1 parallax: 21±5 mas 
vs. kinematic: 18±1 mas

20

* Lépine & Shara (2005)
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PS1 parallaxes of kinematic candidates

• Require baseline>1.5 years, 8+ detections, good PM, π
• 50% of the area 

after two seasons

• 1.5 105 objects with large PMs

• 400 kin. candidates

• 160 candidates 
based on PS1 parallax

• Still requires photometric
parallax confirmation
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Conclusions

• Derived the MF to 0.1M⦿ to larger cluster radii

• double the numbers of candidates with m<0.15M⨀

• depletion of UCDs in the centre

• Cluster simulations provide a roughly good picture

• Multi-band coverage and astrometry improve purity

• soon parallaxes to allow search for nearby BD members

• will provide nearby, known-age BDs & good targets for high-
resolution imaging for fainter companions
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