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How does a galaxy evolve?

e Spiral arms, bars, halo modes domi-
nate angular momentum transfer

e Very hard to get this evolution
right. ..

Plan

1. Dynamics of bar—halo torque

2. What is needed to solve the problem?

‘ N-body simulation |

3. Simulations: fixed bar, slowing bar, live bar

Collaborators: Neal Katz, Tom Quinn, Kelly Holley-Bockelman
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Bar Dynamics

e Bar excites wake in halo
e Wake lags the bar position = Torque!

e Details
— Some orbits precess towards the
bar, some away — no net torque

— Orbits  very mnearly closed in
bar frame — resonant orbits

% %

— Resonant orbits get a kick, breaks
the degeneracy

— Causes response to lag bar position
angle
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Wake in halo: live disk and live halo
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Resonances rule!

Where does the angular momentum
go?

An experiment. . .

Simulation of NFW halo with
quadrupole bar, 107 particles

e Bar length = r,/2
e Corotation radius = r,

e [ixed pattern speed
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Angular momentum deposited deep inside of halo!
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How to compute the torque

Perturbation theory

N-body simulation

Advantages:

Accurately compute all
resonances

Follow evolution and non-
linear growth

Disadvantages:

e Don’t know which res-
onances or how many
to compute a priori.
e Following evolution is
numerically cumbersome.
e Need dispersion relation
to be complete (very

hard!).

Poisson mnoise from fi-
nite particle number may
swamp the resonances.

e [ixpansion code:

minimizes noise (high spatial frequencies)

e Compare with perturbation theory

e Will compare with tree code later
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