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R-band (WIYN)

NGC 2859: double-barred galaxy

<
-

....................

......................

SDSS i-band and HST WFPC2 F814W

errynn 255
200 [RICEERZE Y e

] '.‘ l}\:/ ;"
50 il S’ 0
24 . _50°-200 20 50 (RPN 8
, | x [arcsec] 3 —
o« * ¢ ] ‘ m
: 119.5
. ; (@)

100

x [arcsec)

20088 © '16'5 S}
- o 15.0

—200 —100 0 100 200
X [arcsec]
" Dullo etal Q016

y [arcsec]
o

—100

y [arcsec]




& . The double-bar frequency is ~ 30% of barred galaxies
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* The double-bar frequency is ~ 30% of barred galaxies.
* The median size of inner bars is ~ 500 pc

#» The median size ratiois ~ 0.12
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The double-bar frequency is ~ 30% of barred galaxies.
The median size of inner bars is ~ 500 pc

The median size ratio is ~ 0.12

- The relative angles appear to be randomly distributed
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- Formation Scenarios

. ’W»With SAST

* form two bars simultaneously or form the outer bar first

= . diff_erentp“atitern speeds
~ + need Myu~10% Mg |

- % problem

. the short llfe t1me [ﬁf

* gas dommated | - Fr_ie-dli&l\/[aftmet (199




* Without gas:
* need a rapidly rotating bulge
* the inner bar forms first

* the life time ~7 Gyr

2-2 -1

* dynamically cool inner disk Debarist R She (2007)

OR) = (20- bQ)(175) +bgp (RZ1.75)
2.0 (R > 1.75).

* by<0.5: clumpy phase
+ the effect of random seed

* long-lived double-barred galaxies | = | BN
| Du et al. (2015)




Model

~+ three MiyamotO'-Nég‘ai components

pun(R,z) = (szMN) aR? + (a + 3V22 + b?)(a + V22 + b?)?
| [R2 + (a + V z§ B 9)2] 5/2 (22 + b2)3/2 '

#= Parameter Halo Disk Bulge
| Mass M (101 M) 150 | 8.6504 | 1.3496
| scale length a+b (kpc) 15.0 4.5 0.5
~ | Scale heightb (kpc) 15.0 0.45 0.15

Q— Ogk_ whereK RdQ +4£22 e
3 36G2 = dR 4 ‘ 7 8 9 10 11 12 13 14 15

.# GalIC (Yurm & Sprmgel 2014) |

* gyrfalcON (Dehnen 2000)




t=0.000 Gyr
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Methods for Determlnmg the Phase/Pattern Speed
.;'j*_{f- + Fourier Method |

— ij (cos(m#b;) + isin(m#b;)) Om = arctan(S‘(Fm), ‘SR(Fm))

J

Qpm = — \/8(2 ) + R(E )
m N

* Jacobi Integral Method

HZE—QJ L QJ()=

E
L.

| * Moment of inertia

Ly I imil'? ; T ;Y 1 |
! = > > ¢1 = — arctan2 (21, I;r — 1) ©
Loy Iy, DMLY D MY 2

= ¢i(t) — A

m=1-— . Pfenniger et al. (in prep.)




c) Fourier, m=4 7. td) moment of inertia
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C) Fourier, m=4
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WPhase / Pa tern Spee

b Fourier, m=4 7.8 mukC acobi integral 7.8 d moment of mertla
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Phase / Pattern S};e“ed
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‘The size of the inner bar
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The size of the outer bar
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+ From observation:
+ About 1/3 early type barred galaxies have the inner bar
* The sizeof'the inner bar is ~10% of the outer bar

W There is no preferred relative pos1t1on angles between
inner and outer bars

” % Thepattem speed of two bars are different




+ From our simulation
* Generate long-lived double barred galaxies

+ Study the strength, instantaneous phase/ pattern speed and
size of the bars

+ Bars are flexible and time-dependent structures

* Near the end of the bars, the assumptions of rigidity and
constant pattern speed may be improper. The pattern speed

- made with stars samples located near it CR might need to be

modified. oSS 3.0
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