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Motivation

e Observational studies on nuclear rings

e Bright, usually small and

circular (N hundreds pC) , Galaxy NGC 4314 Hubble Space Telescope « WFPC2
blue (e. g. sy

Martini et al. 2003) ' b
e Intense star—forming region | - o

(e. g. Knapen et al. 2006)

McDohaId Observatory
e Most are found in barred

ga .

PRCO8-21 « June 11,1998
ST Scl « OPO
G F. Benedict (University of Texas)
and NASA

HST

ESO 565-11
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Motivation

e Theoretical studies on gas flow in barred galaxies
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Sound speed: ¢,

Large C, -> small rings Galaxy potential:
(Kim et al. 2012)

Pattern speed:

R, =(1.2+0.2)R.,
(Athanassoula 1992)

?

Asymmetric properties:
Bar Strength
(Comeron et al. 2010)

Svmmetric Properties:
Compactness
(Mazzuca et al. 2011)




Galaxy Model & Method

e Setup of the potential
e Similar to Athanassoula (1992) Rotation Curve

e Add a black hole to control jﬁ; major dxis ——————

the iILR

e Bulge density profile
Y
p(r) = py, (1+r_) o
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e Numerical methods
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e Athena 4.1, 2-D, Cartesian
e Exact Riemann Solver

e Grid resolution of 4 pc




Simulation results 1

e Definition of a nuclear ring in the gas density
map

major axis
minor axis




Simulation results 11 : effects
of Q

e Smaller and narrower nuclear g <> minor axis
. ) . <—> maijor axis
rings with higher pattern speed ’

e Critical value of pattern speed
is 41km/s/kpcng:4"067R
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Simulation results

of pbul

e Larger nuclear rings with

higher central density

pbul

e Thickness of the nuclear
rings i1s nearl

11 :

effects
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Simulation results III : effects of
SMBH

e A massive black hole (mass ratio of 0.01 within 2kpc)
can significantly affects the gas patterns in the
central part while keeping the oILR unchanged.

e The formation of a circular nuclear ring may not be
associated with the resonance.



Formation of nuclear rings

(Phenomenological explanation)

+ Inner minor radius
¥ Outer minor radius
O lnner major radius
<& Outer major radius
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Comparison with observational results

0.1

Q,, (Strength

: SA-SC
Yellow star: S2B
(Comerdn et al. 2010)
. SB
(Mazzuca et al. 2011)

Black square:
Kim et al. (2012)

Lowest Q, — highesta,O

Lowest p,,,, — highest p,,

BH mass of 108 M j

Observations

Simulations



Conclusion

e Nuclear ring diagram
e Larger nuclear ring with lower pattern speed
e Larger nuclear ring with larger central density

e Thickness is more sensitive to pattern speed

e Formation of nuclear rings

e The location of the resonances may
13

not predict very well | 0.062Q;>* x
9 _ | (_5.448x Q, +285.142) x

e Directly linked to angular a
(1.41x log 31(,obuI —1.256) + 0.1213)

Q, <41km/s/kpc
Poy =1.8x10°M /kpc®

momentum loss at dust—lanes
For Q,=0.24



Motivations

Bar-driven gas inflows

Gas is shocked on the leading edges of a bar and torqued between CR & OILR

Case of a strong bar

(e.g., Englmaier & Sparke 1997)

Case of a weak bar

(Jogee, Englmeier, Shlosman et al. 2002)




Different patterns with pattern speed
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Typical gas flow pattern

Off-axis shocks
(Dust lanes)

Code: Athena 4.4
Resolution: 4.4 pc?

Parameters:
Bar:
vertical 10 kpc
Gas Disk:
Pattern speed:
uclear ring

Nuclear spirals



Future work : [-v diagram for modeling

the Milky Way
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Future work II: gas inflow patterns
in double—barred galaxies

Schematic Diagram of Inflow via Bars
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