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The Effect of the Environment on Protoplanetary Discs -

The example of the ONC
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Observations show that most(if not all)

young stars are initially surrounded by discs

Such young star-disc systems are mostly nc

Isolated but members of young clusters

Close connection between star formation an

development of plantary system

fraction of undestroyed disks / excess sources

Many open gquestions in this phase of star-

planet formation:

* Importance of disc loss mechanisms
» Angular momentum transport

* Formation of massive stars

* Formation of gas giants planets

However, prevailing view:

Encounters are too rare to matt
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The ONC as model clust

The Orion Nebula Cluster (ONC) |
One of the best observed

star forming regions

= many of the physical parameter
are well known

* One of the densest star forming_' |

regions in the Galaxy

= high probability of encounters

.L'} Orion Nebula CISCO (J, K’ & Hz (v=1-0 S(1

;‘I Subaru Telescope, National Astronomical Observatory of Japan January 28, 19¢

« A typical star forming region

= Results probably applicable to other star forming




Simulating a cluster with

star-disc encounters
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/1. Parameter study of star—disc\ (2. Dynamical model of the ONC )

encounter Stars only
Code: hierarchical tree code Code: NBODY6++
Encounter-effect in a disc for List of encounter informations of al

kdlfferent encounter situations . stars (Encounter partners, OI’bI'[S)/

\_

Parameter space:
-M,/M; =0.1...500.0

-r Jr...=0.1...20.0 ' .
_eper/ disc~ o 0000 Density profile:~r -2
Y., high central stellar density:

*
Only coplanare, prograde\ / n*>4.7x 10
encounters

~

Dimension:R= 2.5 pc
Number of staraN > 4000

Averageencounte{effecton

protoplanetengdisecsine ONC
- /




- Dynamical model of the ONC
List of encounter parameters (partners, periastron )
- Each star has initially a disc(size varies as+ 100 AU M%)

Loss calculated according to fit formula from parameter.

e Due to the approximations

1. prograde coplanare encounters,
2. star-disc- instead of disc-disc encounters,

results represetipper limit of mass and angqular mementum loss




after 1-2 Myr: ~5% in the entire ONC (R = 2.5 pc)
~ 10-15%in; Trapezium region (= 0.3pc)

N = 4000, Qy=0.50, Ry = 1.1, IVD = Maxwell, 10 Runs

1 ;
intact discs |} 4 ‘ ONC ——
Trapezium ———
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Olczak, Pfalzner, Spurzem
Apl 642, 1140 (2006)

— In accordance with Lada et. al (2001):
80-85 % of stars in Trapezium Cluster possess discs




Long-standing Problem:

Disc anoulaETerIeSiHaN Y 1R SBeR

In other word@sbHoartgLs tarnacersn tuatie0ss
Can encoumecessduce@angugurstadionrthie ¢

giant planets
My answer.Y es, but by far not enough!

3-5% In entire clus
15_20% |n Trape " radial &istance%bscluster%:entre [pzé?
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Massive stars are mostly (not always) found nastel center
(Mass segregation) \

Densest part

In estimates of encounter relevance commonly twstake are
made:

a) Uniform distribution
b) All starshavethe same mass

Missed:
Massive stars function as gravitational foci




They loose their disc

much faster and
to a higher degree

than low-mass star s
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— - fixed disc radius
—— scaled disc radius
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Observation of IC348 (Lada 2006)
Disc frequency lower for massive stars
Massive stars :11% £ 8%
Intermediate :47% * 12%
Low-mass stars:28% = 5%




-

average loss per disc (Trapezium)

I average loss per disc (ONC)

— average loss per idsc(ONC) after 1Myr

— average loss per disc(Trapezium) after 1Myr

They loose angular momentum
faster and to a higher degree
than low-mass stars
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Cluster-assisted accr etion




M assive star s become even more massive

=) P0Ossible mechanism for thefor mation of massive stars

Competitive vs cluster-assisted accretion

Similarity: Accretion determined by interplay between clustars

Difference: Low-mass stars induce accretion in high-mass stars




Star-disc encountersin dense young stellar clusters
have

Important consequences for the formation of

massive stars and planetary systems

Encounter induced accretion

Disc truncation? Change of density distribution in disc?




Angular momentum

momentum loss
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range of influence /[r disc]
—
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100 200 500

Interaction region for angular momentum
loss larger than for mass loss

100 200 500

2» Fit formula for AML 3 Input in cluster simulations




Further ONC images




