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MILKY WAY - A BARRED DISC
Our Milky Way Galaxy is
host to a strong bar.
Important to characterise
the imprint of the bar on
the local kinematic
landscape.
Is the bar responsible for
kinematic substructures?
- even in the outskirts of
the disc.
Image Credit: NASA/JPL-Caltech/ESO/R. Hurt
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A SIGNATURE OF THE BAR?
Red Clump Stars (Radial
velocities / Distances)
Pencil beam towards the
Galactic Anti-Centre
Bimodal distribution of vR
between 10 & 11 kpc
Also seen in the APOGEE
and LAMOST data
Are these stars in resonance
with the bar?
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Liu, C. et al., 2012, ApJ, 753, 24

DISSECTING N-BODY
SIMULATIONS

Shen et al., 2010, ApJL, 720, 72

What do we do?
Resonant orbits are periodic - in the rotating frame
Analyse the orbits in many rotating frames
Periodic orbits should close - return to the same phase space
position (spatial/kinematic)
Measure the phase space distance (Dps) from some arbitrary
starting point
Define periodic orbits as those whose Dps falls below some
threshold (Dmin) - per rotating frame!
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in theGiven
frameΩ⌦and
𝛋 an orbit will close in many frames
m:l where
✓ ◆
l
Same
orbit!

(10)
Specifically ⌦m:l = ⌦
m
20

where the subscript m : l indicates that the orbit closes
with m radial oscillations for every l azimuthal oscillation
in that frame. This means that we can’t say definitively
that these orbits have closed as a result of a resonant
action with the bar. In order to clarify the matter we
make measurements of the orbital and epicyclic frequenm:l = 2:-1
m:l = 3:-1
m:l = 3:-2
cies for our sample of closed orbits. Using this information alone we can determine the pattern speeds of the
rotating
frames
in which our orbits will close for various
Need
a diagnostic
families of orbits (e.g. m : l = 1:-1, 1:-2 etc.).
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3:-2 ORBITS - 2 POPULATIONS
20

3:-2 orbits exist in 2
populations
Pattern out of phase
in azimuth by 𝛑
Generate a mutual
stability - up to 1/4 of
the outer disc
contained in this
resonance
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Rotating Frame
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Distributed evenly
around pattern?
Reaching pericentre
at the same time!
Two groups
Out of phase in
epicycle by 𝛑
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Number of particles at pericentre

WHEN DO PARTICLES REACH
PERICENTRE? Radial Period ~200Myr

RESONANT CLUMPING
Just 3:-2 orbits
Particles bunch up
at peri/apocentre
Groups pass each
other as they
complete their
epicycle
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RESONANT CLUMPING
Just 3:-2 orbits
Particles bunch up
at peri/apocentre
Groups pass each
other as they
complete their
epicycle
Thursday 4 December 14

A SIGNATURE
OF THE BAR?
Similar to observations
(APOGEE/LAMOST)
Large velocity dispersion in
simulation
No direct comparison but, this
mechanism could be at work in
the MW

Dps < 0.1
N = 1766

100
vR (km/s)

Resonant Clumping: a common
feature in N-body discs?
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Could it be due to spiral arms?
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A SIGNATURE
OF THE BAR?

Submitted to ApJ...

Similar to observations
(APOGEE/LAMOST)
Large velocity dispersion in
simulation
No direct comparison but, this
mechanism could be at work in
the MW
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In Progress...

WHAT ABOUT THE BAR?
Apply the same method - with minor modifications.
The Bar dominates the gravitational field - no need
for diagnostic.
Can we decompose the structure of the bar into
constituent components?
Can we identify bar stars using kinematic selection
criteria?
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STRUCTURE
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KINEMATICS
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SUMMARY
New method to extract resonant orbits from nbody
Using the full nbody history
No need for frozen potentials / choice of pattern speeds
Resonant orbits can exist in many populations wrt orbital and epicyclic phases
Generate observable substructures
Structure / Kinematics of the bar
Structure due to different orbital families
Kinematic selection criteria to identify bar stars
Gaia: High resolution picture of the local kinematic landscape.
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THANKS!
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EXTRAS
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ties of our extracted sample
4.

expectations from simple circular disc orbits. By noting
that, in general, for almost circular orbits
q
(5)
0 . Dx2 + Dy2 . 2Rg
dy Simulations: I.
3
DISTANCE METRIC
where Rg is the guiding radius of the orbit, we can make
ti is or
given
by
a normalisation on the spatial component of the phase
ametimestep
a resonant,
periodic,
to get
ern and return to some
Dx,ipre= |x0 (t0 )space
x0 (tdistance
)|
i
phase space. Using this fact
q
0
0
2 + D2
= |y (t0 ) y (ti )|
or orbits that return D
toy,i
some
Dx,i
y,i
(4)
position in phase space.
To
Dp,i =
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0
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calculating
distance
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vϕ
e traveled,
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course
orbit,toR̄suit
so athe
normalisation
shouldofbethe
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g (Note that the guiding radius
ionphase
as it space
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disc.
vy
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by
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the
angular
momentum, Lz , of
the
system
under
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rule
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is
to
D
n the rotating frame of its
x
theofparticle
with
the angular
momentum of a rotation
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the expected
the orbit
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dihis orbit
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Rg circular
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y
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kinematic component of the phase space distance.
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For almost circular orbits it is roughly true that
give the full orbital q
hisq (5)
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0 . for
R, , z, vR , v , vz ) which
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(7)
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the guiding
g isstarting
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components
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and
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over over
the course
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the
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0
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M = 2 SPECTRUM
1:-1
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ONGOING WORK..
Can be applied to the central parts of the disc
Orbital structure in the bar
Kinematically select bar stars?...
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