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1. Nuclear spirals in weak and strong bars 

dusty features – seen in majority of disc galaxies  
(Martini et al. 2003) 



2. Case study: nuclear spiral in NGC 1097 

JHK                   VLT NACO Prieto et al. 2005 
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Fathi et al. 2006 



SINFONI observations of NGC 1097 
         (Davies, Maciejewski, Hicks et al. 2009) 

SINFONI FOV 

2.12 µm 1-0 S(1) 
H2 emission line 
traces warm  
molecular gas 

SINFONI: AO NIR IFU (integral field unit) at the VLT 
FOV 4”x4”, FWHM 0.25” 



kinematic spiral in residual gas velocity 



3. Nuclear spirals as waves 
in gas disc 

hydrodynamical model: 
oval (contour) distribution of stars 
drives spiral (greyscale) in gas 

ILR 

propagating density wave in stars 

Toomre (1981) 

Maciejewski (2004) 
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density 
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pressure 
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generated 
at the ILR 



Density-wave theory: linear approximation              

Linear dispersion relation for waves in a disc: 
       m²﴾Ω- Ωp﴿²   -  κ²    -      k²c²      +  2πG F ׀k׀ ρ  =  0 
                     rotation curve          gas pressure          self-gravity 

(Ω + κ/m – Ωp) (Ω - κ/m – Ωp)   =  (kc/m)²                   > 0 
                                                   = - 2πG F ׀k׀ ρ / m²   < 0 

m=2 



Properties of nuclear spirals in linear approximation 

         density  (3 arms)                         radial velocity                    residual LOS velocity 
      (high density darker)                           (morphological spiral arms in contours)  



4. Hydrodynamical model 
of a nuclear spiral shock  

driven by a bar 



5. Gas inflow in nuclear spiral 
shock in NGC 1097 



6. Kinematic signatures of other 
nuclear spirals 

NGC 6951 
(GMOS  
Storchi-Bergmann  
et al. 2007) 

NGC 2974 
(SAURON 
D. Krajnovic 
- priv. comm.) 

nuclear spirals seen in extinction  
only in IR      search for  
kinematic signatures instead? 

COMMENT: nuclear spirals  
are just one of many inflow  
mechanisms; e.g. they will  
not form in thick clumpy  
disks seen in many Seferts  
by Hicks et al. 2009 NUGA: 

Krips et al. 2007 

NGC 1097 in R-band  
(HST F814W filter) 





Formation of nuclear ring and of nuclear spiral: 

pitch angle of the spiral higher at higher velocity dispersion in gas 

cool gas 
c=5 km/s 

warm gas 
c=20 km/s 

Maciejewski 2004b 

nuclear ring nuclear spiral 


