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1. Introduction

- Roughly 60% of disk galaxies in the local universe.

- Bars play significant roles in the secular evolution.
* Drive gas and stars into the center of galaxies

* Increase the central star formation & central mass concentration

* Build up bulge-like structures, pseudobulges & peanut-shaped
bulges
- Bars may govern spiral arms, rings & central dust structures.

e Strong bars prefer stronger spiral arms, smaller rings, and straighter
dust lanes



1. Introduction

- Bar strength, length, and pattern speed
* Bar ellipticity

* Normalized Fourier amplitude
A; = max (7"2%4_5)%)
ap

o Transverse-to-radial force ratio

Fp(r)

@) = o)

- Most promising way to evaluate the bar strength
- Tightly correlated to the kinematic bar strength from spectroscopy
(Seidel+2015)



1. Introduction

- Bar Classification
* Bar ellipticity vs. Normalized Fourier amplitude
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* High bar fraction in late-type spirals vs. In early-type spirals



2. Transverse-to-radial Force ratio

1. Bar Strength (Combes & Sanders 1981)

max(Pr(nd)) o 198(r0)

Fa) = (g2)

2. Force ratio map (Buta & Block 2001)
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2. Transverse-to-radial Force ratio

- Assumption: constant M/L ratio in the disk (Quillen et al. 1994)
- Calculation of potential
1. Expand i-band deprojected images with four times area
2. Calculate potential by solving Poisson equation using FFT
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3. Consider the mass density in the vertical direction by convolving the
image with the exponential model

w0 = [t
* h/h=4forT<1 :

« h/h=5for2<T<4 pe(2) = Zerp(=I3-)
* h/h="forT25 (Laurikainen+2004)




3. New Classification Method
1) Force ratio map in the Polar coordinate
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- Simplify the complex butterfly pattern
- Good to disentangle a bar region from a bulge and spiral arms

Lee, Park, Ann, Kim & Seo 2020 in prep



3. New Classification Method
1) Force ratio map in the Polar coordinate
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3. New Classification Method
1) Force ratio map in the Polar coordinate
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Ann15 types

3. Classification

2) Comparison with visual inspection
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Fourier analysis
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3. Classification

Bar fraction: 56%
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4. Calculation of Bar strength

1. Nuclear bar strength vs. Nuclear dus
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2. Bar strength evolution (Kim et al. 2020, in prep)
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