Dynamical effects of the spiral arms
on the velocity distribution of disc stars
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Fast bar? Slow bar?
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Fast bar? Slow bar?

53 km/s/kpc 39 km/s/kpc

local data bulge-region data

Hercules :

“slow bar + spirals” ?

Similar idea : Antoja+(2009,2011)
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Conclusion first |

Bar only
O : Fast bar
X : Slow bar

Slow bar + spiral
O :slow bar + 4-armed steady spiral

O :slow bar + 2-armed transient spiral
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Conclusion first |

Bar only

O :Fast bar
Naturally explains [Fe/H]-dependence of Hercules stream.

X :Slow bar
No Bimodal structure.

Slow bar + spiral

O :slow bar + 4-armed steady spiral

O :slow bar + 2-armed transient spiral
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(2) slow bar + steady spiral (m=4)
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(2) slow bar + steady spiral (m=4)
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(2) slow bar + steady spiral (m=4)
Qhar = 39, (). = 20, Tform = 8 Gyr

~0.50 < [Fe/H] < —0.25 . —0.25 < [Fe/H] < 0.00 i Vl‘l(lh"[Fe/H 025 4

| Bar+SS15m4 R = 8.0 kpe Bar+SS15m4 R = 8.0 kpe ’ Bar+SS15md It = 5.0 kpc
Lo =0.0] O =1 12| @ = 0.0 ¢ =0 f 10} @ =0.01 ¢=0

Wi <)

O\ =

T2 < [FeH] < 050 ]

£ Bar+SS15m4 R = 8.0 kpc
.K‘ v (y = (I“[ QO = |)

b

" ' .
: O, = —3912km s kpe™!

= —ShI2 ks kpe™ spiral’s 4:1 Inner Lindblad Resonance bolo-imstipe | ]

o4l % = =20 km s~ kpe™!

b}
0.4 0.2 URY 0.2 0.4 | BFET y, 1
. - 1 Sy S A
sy 3 S s s T o A =

-05 % - -0.25 0 025 [Ee/H]

0.25 < [Fe/H] < | JH) < i 0.25 < [Fe/H] < 0.50

: 1.4
7 Gyr R=80kpc | § Bar+SS15m4 = R = 8.0 kpe

O =10 1 o= 0.01 o =10

0,50 < ”[Fe/H] <02 4 -~
Bar+SS15md4 R = 8.0 kpe £ Bar+SS15m4 R =8. Tform
a = .01 ) .

o= 0.01

O, = —39.12 km s~ kpe™ ] O, = —39.12 km s~ kpe™!

- ;M L —1 L l 3 g |
§2, 20 km s~ kpe s o4l % = =20 km s~ kpe™
1.4 (.2 0.0 ‘|; ) , {).4 R 0.4 1.9 0.0 1.2 |

O, = -39.12 km s kpc . 3 O = =39.12 km s~ l{[)(' .
(’ - _'2.) k”l S I I\-P(. l . ||'| (-.) — .3” I\'l“ S I 1’\.])l' I
0.4 (1.2 0.0 0.2 ). : 0.4 0.2 0o 09 04

D -, A . - . aya Ty G s e e 2 e e




(2) slow bar + steady spiral (m=4)
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- Bimodality is due to spiral.

- [Fe/H]-dependence is sensitive to Tform (due to chaotic orbits)
— Observed [Fe/H]-dependence is not informative.




(3) bar + transient spiral (m=2, lifetime = 100Myr)
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(3) bar + transient spiral (m=2, lifetime = 100Myr)
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(3) bar + transient spiral (m=2, lifetime = 100Myr)
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(3) bar + transient spiral (m=2, lifetime = 100Myr)
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- Bimodality is due to spiral’s lifetime.

- [Fe/H]-dependence is sensitive to Tform (due to chaotic orbits)
— Observed [Fe/H]-dependence is not informative.



TGAS+RAVE : of Hercules  (CONClusion

Bar only

O :Fast bar
Naturally explains of Hercules.

X :Slow bar
No Bimodal structure.

Slow bar + spiral

O :slow bar + steady spiral
Bimodality : spiral’s inner Lindblad resonance. o
NOT informative

O :slow bar + transient spiral : '
slow bar Ient spira (chaotic orbits).

Bimodality : due to spiral’s lifetime.



Independent measurement for Qbar

Hattori, Erkal, Sanders (2016)
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