Orbital Information Encoded in Stream Substructure
The example of Palomar 5

Andreas Kupper

There’s more to streams
than just positions and
velocities (and
abundances)




Stream substructure can be used to constrain
model parameters
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Can we see stream
substrueture?

How does it get there?

Can we make use of it?

What does it tell us?
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Stream substructure can be used to constrain
model parameters
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Palomar 5 is a short but prominent globular cluster
stream in the SDSS. What can we learn from it”?

Bonaca, Geha & Kallivayalil (2012)
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The Palomar 5 stream shows substructure

KUpper, Balbinot, Bonaca, Hogg, Kroupa & Santiago (in prep.)
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The Palomar 5 stream shows substructure
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Some positions along the stream seem to be
poreferred over others
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Some positions along the stream seem to be
poreferred over others
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Stream substructure can be used to constrain
model parameters
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Stream stars have an offset with respect to the cluster
orbit

Eyre & Binney (2010)




Stars escape through the Lagrange points and move
non-linearly along the stream

Trailing arm

_________________________________________________________________________

Leading arm

| Galactic
Centre

Just, Berczik, Petrov & Ernst (2009)



Stream substructure tells us something about the
offset from the streams stars to the cluster orbit
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Stream substructure tells us something about the
offset from the streams stars to the cluster orbit




S D

tar clusters produce a continuous stream of stars

nile they dissolve which creates an epicyclic pattern

2 kpc

Simulation from Kulpper, Kroupa, Baumgardt & Heggie (2010)



Stream overdensities also form In streams of clusters

On eccentric orbits
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N-body computations of clusters on eccentric orbits
show complex behavior of the overdensities

2 kpc

Simulation from Klpper, Kroupa, Baumgardt & Heggie (2010)



Stream substructure can be used to constrain

model parameters
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we want to visualize the % u re

flow in the stream 1o get R aEEEEE
the positions of the .
overdensities plus the
overall evolution of the
stream

- we want that without
referring to Nbody sims




A streakline visualizes the flow of particles in a stream
due to progenitor orbit and surrounding medium




Streakline models approxi

mate fu

simulations at low compu

KUpper, Lane & Heggie (2012
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Streakline models approxi

mate f

simulations at low compu
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Generating a s

reakline to visualize the flow of stars In

a Stream Is sim

Calculate Ritige
for current
position &
velocity of

cluster
particle
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Stream substructure can be used to constrain
model parameters
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We can find a streakline model that reproduces the
observed substructure

KUpper, Balbinot, Bonaca, Hogg, Kroupa & Santiago (in prep.)
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Bayesian modeling of Palomar 5 using emcee
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Modeling of Palomar 5 constrains halo shape to be
slightly prolate
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Modeling of Palomar 5 stream substructure
constrains NFW halo parameters
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Gives consistent values for circular velocity at solar
circle and very low acceleration at
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We get information on additional cluster
parameters independent of other methods
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We get information on additional cluster
parameters independent of other methods
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Gaia’s view of Palomar 5
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Stream substructure can be used to constrain
model parameters

% There is more to streams than just positions and velocities

* Palomar 5 stream shows evidence for epicyclic substructure

% Streakline models can reproduce substructure pattern

% Bayesian modeling constrains Palomar 5‘s orbit & Galaxy potential

* Method enables independent estimates of Palomar 5’s mass & distance



Appearance of streaklines depends crucially on the
choice of radial offset and velocity offset

KUpper, Lane & Heggie (2012)

* same orbital velocity
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Yk higher velocity




Appearance of streaklines depends crucially on the
choice of radial offset and velocity offset

KUpper, Lane & Heggie (2012)

* same orbital velocity
* iIntermediate velocity

* same angular velocity




Appearance of streaklines also depends on whether
the cluster mass is taken into account or not

KUpper, Lane & Heggie (2012)
| 7

* same angular velocity
(w/0 cluster mass)

* same angular velocity
(with cluster mass)




