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Motivation

a) photoionization

b) stellar encounters
— frequencies of star-disc systems
— initial mass function (IMF)
— frequencies of planetary systems

— structure of planetary systems
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O'Dell & Beckwith, 1997
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In order to understand the physical processes which affect the
young star-disc systems and thus determine the lifetime of
protoplanetary discs, the following functions are of interest:

- CDF with cluster age,
- CDF with initial cluster density,
- CDF with cluster radius,

- CDF with stellar mass,
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- clusters with a wide mass spectrum: 0.01 =M/ M, = 100.

— candidate clusters should be
o close: d =1 kpc

e massive: M = 1000 M

— discrepancy: nearby clusters are usually less massive, while
massive clusters are usually found at much larger distances
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A Selection of Clusters and Observational Data
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The selection of clusters consists of:

» Orion Nebula Cluster (ONC)

« NGC 2024
. IC 348

« NGC 3576 (RCW 57)
« NGC 3603
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# _+.- Trapezium Cluster (TC)

rapezium

- N =2 4000

-M/N=0.5M,

TC:

-M =500 M,
- N =500
-M/N=1M,

©ESO, VLT, ISAAC, JHK, 7 x7* (0.9pc x 0.9pc)
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TABLE 2

IR EXcEss FRACTION VERSUS SPECTRAL TYPE

JHK excess
(%o)

JHKLExcessd

N egion” (%)

region

Spectral Type(s)*

c
Ndetect

............. 12 12 8 42
............... 10 9 44 78
................. 91 87 44 82
................ 191 177 45 81
.......... 129 121 46 80
.......... 63 57 41 82
................ 304 285 45 78

* Spectral types taken from Hillenbrand (1997).

® Number of stars with spectral types within survey boundaries.

¢ Number of stars with spectral types and JH KL photometry.

4 Counting from the M5 boundary of the reddening band and using the
Cohen et al. (1981) IR reddening law.

- L-band CDF = 2 x K-band CDF
- overall CDF = 80%

- CDF for spectral types O-A = 2 x CDF for spectral types F-M

Christoph Olczak Universitat zu Kaln, I. Physikalisches Institut

I

UNIVERSITAT
ZU KOLN




* Motivation

* Observational
Demands

» A Selection of
Clusters and
Observational
Data

- ONC

- NGC 2024
- IC 348

- NGC 3576
- NGC 3603

e Conclusion

NGC 2024
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' ©Caltech, Palomar, WIRC, JHK, 8.5 x 8.5 (1.1pc x 1.1pc)
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NGC 2024
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- L-band CDF = 85%

NGC 2264

Fraction of JHKL Excess Scurces (%)
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= either: 0 2 4 8 8 10

- initial CDF # 100% or Age (M)
- disc destruction acts on very short time scale
— Iindicates effect of stellar encounters

— notice: CDF is not only time dependent

— environmental contributions: cluster density, mass function,... |
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- disc destruction acts on very short time scale

— Iindicates effect of stellar encounters

— notice: CDF is not only time dependent

— environmental contributions: cluster density, mass function,...
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Muench et al. (2003), FLAMINGOS, JHK, 20.5° x 20.5* (1.9pc X 1.9pc)
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IC 348
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» Observational - IC 348 : Al IRAC Disks ]
Demands 0.8 F Thick Disks —e— |

. Anemic Disks
» A Selection of

Clusters and

0.6 F 1] ;
* cluster age = 2-3 Myr T “ : _

Disk Fraction

e L-band CDF = 50%

» mass-dependent CDF
- A2-K6: 11+8%
- K6-M2: 47£12%
- M2-M6: 28£5%

= “The disk longevity and thus conditions for planet formation
appear to be most favorable for the K6-M2 stars which are
objects of comparable mass to the sun for the age of this
cluster.”
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NGC 3576 (RCW 57)

= Motivation Distance  Fraction
» Observational .
Demands (arcmm) %
* A Selection of 0-1 05 + 1
Clusters and
Observational -2 82 + 1
Data 2-3 59+5

even for massive stars 34 64 + 3
4-5 50 +2
5-6 45 +7
6-7 27+5

indication of a possible faster evolution
of circumstellar disks around high mass stars

radial dependence of L-band CDF:
- total survey region (7* or 6.5 pc): CDF = 55%
- comparing to ONC (3‘ or 2.5 pc): CDF = 80%

— discrepancy: radial dependence is inverse to what is expected if
photoevaporation or stellar encounters would act destructive on
protoplanetary discs
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NGC 3603
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TABLE 4
Disk Fractions as A Function oF CLUSTER CENTER DISTANCE

Selection R < 20" 20" < R < 27" 27" < R < 33" Trapezium® IC 348°
PMS/MS (R < 0.6 pc) (0.6 < R < 0.8 pc) (0.8 <R < 1pc) 1 Myr 2-3 Myr

PMS + MS... 20% 33% 41% 80% 53%
MS only/OBA stars ......... 12% 12% 0 42% 0%

* Lada et al. 2000.
® Haisch et al. 2001b.

* L-band CDF
- radial dependence: increase from 20% to 40% with radius
- mass dependence: increase from massive to low-mass stars by ~2

— “The low disk fraction suggests strong impacts on star formation
due to stellar interactions in the dense starburst.”
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Summerizing the presented observational investigations of CDFs in
different clusters, the following correlations have been investigated:

1. CDF with cluster age =~ — Hillenbrand (2005), Haisch et al. (2001)
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NGC 2024
p ~ 103 Mo pc-3

CDF ='85%

-

18 W NGC3603 .
 p=104M,pc? [+ p=10%M, pcd
COF ~ 80% 4 COF=40% '

——————————————————————————————————————————————————————————————————-
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increasing density

similar age (~1 Myr)
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Summerizing the presented observational investigations of CDFs in
different clusters, the following correlations have been investigated:

1. CDF with cluster age =~ — Hillenbrand (2005), Haisch et al. (2001)

2. CDF with cluster density — NGC 2024, TC, NGC 3603
3. CDF with cluster radius — NGC 3576, NGC 3603

Distance  Fraction
(arcmin) %

NGC 3576

TABLE 4
Disk Fractions as A Funcrion oF CLusTer CeNTER DISTANCE

Selection R <20 20" < R2T 27" <R < 3% Trapezium® 1C 348°

L S LSS e  NGC 3603

PMS + MS........ 20% 33% 41% 80% 53%
MS only/OBA stz 12% 12% 25% 42% %

* Lada et al. 2000.
® Haisch et al. 2001b.




Summerizing the presented observational investigations of CDFs in
different clusters, the following correlations have been investigated:

1. CDF with cluster age =~ — Hillenbrand (2005), Haisch et al. (2001)

2. CDF with cluster density — NGC 2024, TC, NGC 3603
3. CDF with cluster radius — NGC 3576, NGC 3603

4. CDF with stellar mass — TC, IC 348

TABLE 2

A7 G5 K3 KT M MZ5 MIS MAS VS5
IR ExXCEss FRACTION VERSUS SPECTRAL TYPE - - =

Al IRAC Disks — ©

Spectral Type(s)® N cgion” N geteet® % Yo . ﬁn:hnl:;: x:: *_._+
12

9

87

177

121

57

285

Disk Fraction

* Spectral types taken from Hillenbrand (1997).

® Number of stars with spectral types within survey boundaries.

¢ Number of stars with spectral types and JH K L photometry.

4 Counting from the M5 boundary of the reddening band and using the
Cohen et al. (1981) IR reddening law.

Trapezium Cluster
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4. CDF with stellar mass
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— TC, IC 348
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NGC 2024
p ~ 103 Mo pc-3
CDF ~'85%

-

18 W NGC3603 .
 p=104M,pc? [+ p=10%M, pcd
COF ~ 80% 4 COF=40% '
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However, the results are confusing since they show ambiguous trends:

- Linear vs. non-linear correlation of CDF and cluster age,
- Decreasing vs. constant CDF with increasing cluster density,

- Increasing vs. decreasing CDF with cluster radius,

Distance  Fraction
(arcmin) %

NGC 3576:
Rt = CDF1

TABLE 4
Disk FracTioNs as A Function oF CLUSTER CENTER DISTANCE

Selection R <20 20" <R<2T 27" < R < 33 Trapezium" 1C 348" .
PMS/MS (R < 0.6 pc) (0.6 <R <08 pc) (0.8 <R < I pe) 1 Myr N G C 3603 =
PMS + MS.iisns 20% 33% 41% 80% 53%

MS only/OBA st ....... 12% 12% 25% 2% 0% R T — CDF l

“ Lada et al. 2000.
® Haisch et al. 2001b.




However, the results are confusing since they show ambiguous trends:
- Linear vs. non-linear correlation of CDF and cluster age,

- Decreasing vs. constant CDF with increasing cluster density,

- Increasing vs. decreasing CDF with cluster radius,

- High vs. low CDF for low-mass stars

but definitive: high-mass stars — low CDF
intermediate-mass stars — high CDF

TABLE 2

IR ExcEess FRACTION VERSUS SPECTRAL TYPE

A2 G K3 K7 M1 M2.5 M35 W45 M3.5

Al IRAC Digks =
'IHKSXOGSS XCEss .nl. K Diaks
ich *
Anemic Digks «  F

Disk Fraction

* Spectral types taken from Hillenbrand (1997).

® Number of stars with spectral types within survey boundaries.

° Number of stars with spectral types and JHK L photometry.

¢ Counting from the M5 boundary of the reddening band and using the
Cohen et al. (1981) IR reddening law.

Trapezium Cluster
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but definitive: high-mass stars — low CDF
intermediate-mass stars — high CDF

— requirement of detailed investigations and more precise data
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Outlook
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- ONC

- NGC 6231
- NGC 3293
- NGC 4755

2. Numerical simulations of cluster dynamics
We are setting up dynamical models of clusters for which

qualitatively good observational data exist, among them are:
- ONC

- NGC 2024

- Mon R2

- Arches Cluster
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Thank you for your attention.
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