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Demographics of Star Formation

Ophiuchus
no O stars
0-5 Myr old
M, ~ 100 Mg
d ~ 130 pc
(Wilking et al. 2008)
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Orion Westerlund 1
1 O star (20 OBs) ~140 O stars
0-2 Myr old 2-3 Myr old
M, ~ 2,000 Mg M, ~ 50,000 Mg
d ~ 400 pc d ~ 4 kpc

(Hillenbrand 1997,
Muench et al. 2008)

(Clark et al. 2005,
Brandner et al 2008)
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R 136 (30 Dor)
> 300 O stars
2-5 Myr old
M, >10° Mg
d ~ 50 kpc

(Brandl et al. 2007,
Crowther et al 2010)



Demographics of star formation

Westerlund 1 R 136

~140 O stars > 300 O stars

~5x10% Mg > 10° Mg
d ~ 4 kpc d ~ 50 kpc

Ophiuchus Orion
no O stars 1 O star

~ 100 Mg ~ 2,000 Mg
d~ 130 pc d ~ 400 pc

65 O stars
M, ~ 10%-10° Mg

Cygnus OB2 sl d - 1.5 kpo
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Cygnus OB2

« Largest young cluster in the
northern hemisphere, total
mass ~ (4-10) x 104 Mg
(Knddlseder 2000)

« Center of the Cygnus X GMC

« d~ 1.5 kpc (Hanson 2003)

« Age ~ 1-3 Myrs (Hanson 2003), g ‘
but also evidence for older :
population (Drew et al. 2008)

« 65 O-type stars (inc. 2x03),
hundreds of B-type stars.

« Largest group of young stars
within 2 kpc!

" IPHAS Ha + Spitzer IRAC 4.5um, 5.6pm
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X-rays from stars

Nearly all stars emit X-rays:

« High mass stars via shocks in radiatively-
driven stellar winds

(e.g. Seward 1979, Berghoefer et al. 1997).

* Low mass stars via flares in a
magnetically-confined plasma

(e.g. Wilson et al. 1966, Vaiana et al. 1981).
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Tau-Aur PMS
Chamaeleon PMS




X-ray observations of Cygnus OB2

Two Chandra observations of
Cygnus OB2 in 2004:

« Butt et al. 2006

» Albacete Colombo et al. 2007
* Wright & Drake 2009

« Wright et al. 2010

X-ray + IPHAS + UKIDSS:
« 1700 X-ray sources detected

» Optical / near-IR associations
for ~1500 sources (~90%)

 First Cygnus OB2 study
complete to ~1 Mg

Wright & Drake 2009
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Cygnus OB2 Chandra Legacy Survey

* Grid of 36 Chandra ACIS-I
pointings, each 30ks

» Total survey area ~1 sq. deg.

« Central 0.5 sq. deg. imaged 4
times, total exposure ~120ks

* >95% complete at 1 Mg

« >50% complete at 0.5 Mg
« Complementary data:

« IPHAS + GTC/OSIRIS optical

« 2MASS + UKIDSS near-IR

» Spitzer IRAC + MIPS mid-IR

* Herschel, VLA, e-Merlin,
INTEGRAL, IRAM, KOSMA
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Current Survey Status

« All 36 observations performed
January — March 2010.

« X-ray source detection on
individual and combined
observations performed
~15,000 sources detected.

* Visual inspection, X-ray
photon extraction and
comparison with other
catalogs follows.

« Source list converging to
~10,000 sources — vast
majority have optical, near-
and mid-IR photometry!
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Chandra sources, central field







Large Age Spreads in Massive Clusters

* Cygnus OB2
» Wider population of older massive stars (Hanson 2003, Comerén et al. 2008)
« 5-7 Myr population of A-type stars to the south (Drew et al. 2008)
* Low-mass stars aged 5+ Myrs to the north-west (Wright et al. 2010)
* The Carina Nebula:
» Distributed population of X-ray sources, likely older (Feigelson et al. 2011)
« 30 Doradus:

 Star formation spread over 10+ Myrs, with spatial evolution over the
cluster (De Marchi et al. 2011)
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Impact of Massive Stars in Cygnus OB2

IPHAS INT/WFC (H)

IPHAS INT/WFC (H)

HST/ACS (F606W / F814W filters)

July 26, 2011 The Chandra Cygnus Surveys 18






™
-~
s
>~ o=
=
=
2

(ap] |
\Y\Tr»\»L\Al‘o‘o‘o‘o‘o‘xyo‘—‘»‘
o= Vo) O -~ N
o < o o
UOII20a) N&IP Jauul Y-H

|

—d




1.0

[5.8]-[8.0]

0
o




filled: with disk; empty: without disk
Bins: o Low flux; o Intermediate flux; - High flux
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Entire field, magnitude selected, only O stars

20 40 60 80
Incident bolometric flux (ergxs™'xcm™)




Dynamical Survey of Cygnus OB2

« Radial velocity survey using MMT/Hectospec
multi-fiber optical spectrograph.

« Spectra for all X-ray members of CygOB2
above 1My ~ 5000 stars to /=20 mag

« Radial velocities measured from Ca Il triplet
(Ogy ~ 3-5 km/s).

* Proper motions from multi-epoch wide-field
surveys (e.g. IPHAS, UKIDSS) spanning ~5-8
years: Opy, = 0.4 mas/yr = 3 km/s (at 1.5 kpc).

~ - “\
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Center: —15.7 km s~
o: 9.8 km s~

Heliocentric velocity (km s™')




Conclusions

Cygnus OB2 an excellent region to study how star formation
differs in extreme environments.

Chandra X-ray observations + deep optical, near- & mid-IR
photometry provides excellent census of YSOs.

Ages, steepened IMF, and disk fractions implies generation
of older stars exists alongside current 2 Myr population —
large age spreads exist in massive clusters.

Proto-planetary disk fraction inversely proportional to UV flux
exposure - massive stars shorten the lives of disks
(implications for planet formation).

Dynamical survey suggests the association is unbound, but
bound cores may survive.
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