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Figure 2. Disk-bar surface density contours (face-on, edge-on, and end-on) at = 10 Gyr, for the NFW halos with ¢ = 1, P00 (left column), P45 (center), and P90
(right) models. Note the different bulge shapes: X-shaped for POO, boxy/X-shaped for P45, and boxy for P90, as well as decreasing strength of ansae with increasing

A (see the text).
(A color version of this figure is available in the online journal.)

Figure 3. DM halos (upper frames): rate of angular momentum flow J as a function of cylindrical radius and time for the POO (left), P30 (middle), and P60 (right)
models with ¢ = 1 NFW DM halos. The color palette corresponds to gain/loss rates (i.e., red/blue) using a logarithmic scale in color. The cylindrical shells have

R =1 kpc, extending to z = £o0. Stellar disks (lower frames): same for (identical) disk models embedded in the POO (left), P30 (middle), and P60 (right) halos,
except R =0.5kpc, and | z| = 3 kpc. Positions of major disk resonances, ILR, CR, and OLR, have been marked.

(A color version of this figure is available in the online journal.)

alongside weakened absorption. So the absorption gradually
weakens and moves out with increased A, while the emission
strengthens and spreads. The disk emission and absorption by
major resonances also differs with changing A—it gradually
develops an intermittent behavior, especially at the ILR in P60,
where the blue and red bands become intermittent. Such a

cyclical behavior is not seen in the POO disk, but becomes
visible in the P30 disk and dominates the inner P60 disk.
Hence, the spinning halo appears to emit and absorb angular
momentum recurrently. The halo as a whole still absorbs the
angular momentum from the disk in P30, while the net flux is
zero for P90.
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This result is anticipated. The ability to pump angular
momentum into a selected number of halo particles by means
of a stellar bar is not without limits. As the angular momentum
of the prograde population in the halo is increased, its ability to
absorb angular momentum should saturate, and, under certain
conditions, even be reversed. After buckling, the bar weakens
substantially, as seen in Figure 1. At later stages, as the bar
is expected to resume its growth, the near (disk) halo orbits
can possess more angular momentum than the bar region which
has been losing it for some time. For this prograde population,
increase of A simply increases the initial angular momentum and
the saturation comes earlier. What emerges as a fundamental
property of a DM halo is the angular momentum and its
distribution for the prograde population of orbits, irrespective
of the value of A.

Evolution of galactic bars is inseparable from the cosmolog-
ical evolution of their host galaxies. We find that the secular
growth of bars is significantly anticorrelated with the halo spin
for A 2 0.03. This means that majority of halos will adversely
affect the bar strength, and, therefore, the angular momentum
transfer and the bar braking. Beyond dynamical consequences,
bars in spinning halos will be systematically smaller, which will
make their detection at larger redshifts more difficult. This trend
can be further strengthened because, during mergers, for a lim-
ited time period of ~1-2 Gyr, A has been shown to increase
(e.g., Hetznecker & Burkert 2006; Romano-Diaz et al. 2007,
Shlosman 2013). Weaker bars are known to possess star for-
mation along the offset shocks, unlike strong bars, and are less
efficient in moving the gas inward. Furthermore, damping bar
amplitude has implications for disk morphology, stellar popula-
tions, and abundance gradients.

To summarize, we have investigated the dynamical and
secular evolution of stellar bars in spinning DM halos. In a
representative set of numerical models, we find that the angular
momentum flow in the disk—halo system is substantially affected
by the momentum distribution in the prograde population of
DM nparticles, and is not limited to the momentum flux from
the disk to halo. The associated bar pattern speed slowdown is
minimized and ceases for larger A. This means that the bar does
not experience gravitational torques and its amplitude remains
steady, while the angular momentum, both internal circulation
and tumbling, is preserved. This trend becomes visible for
A 2 0.02 and dominates the bar evolution for halos with
A 2 0.03. Because of a lognormal distribution of A with a mean
value of 0.035 4 0.005, a substantial fraction of DM halos will
be affected. We analyze the rate of angular momentum change
by subdividing the disk—halo system into nested cylindrical
shells, and show that the DM halo can both absorb and emit
angular momentum, resulting in a reduction of the net transfer
of angular momentum from the disk to the halo. The ability of
the halo material to both emit and absorb angular momentum
has important corollaries.
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