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•  Summary of SAURON + ATLAS3D  surveys 

•  Compare with Coma & Abell1689 

.......... and Fornax  

•  First results from SAMI clusters 
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Krajnović et al., A3D II 2011 
Emsellem et al., A3D III 2011 Non-rotators 



Key with rotation field morphology 
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NB. All galaxies flatter than E4 are fast rotators 

Key with rotation field morphology 

All barred galaxies 
have disks 



Which one rotates fast? 

NGC numbers hidden! 



Census of ATLAS3D 

871 galaxies in the parent sample of which:  
611 are spirals & 
260 are ETGs (68 Es & 192 S0s) of which 
224 are fast rotators – oblate 

of the 36 slow rotators 4 have counter-rotating disks  
leaving 32 true slowly rotating `ellipticals’ 
ie.  <4% of the parent (volume limited) population 



Morphology-density relation 

Complete volume 

Virgo: R < 12º 

Virgo: R < 6º 



 Morphology-density relation 

Slow rotators constitute 4%  
of the population overall. 

Only in the core of Virgo 
does this raise to 20%. 

There is a mechanism converting 
Sp → S0’s working at all densities. 

MORPHOLOGY 

KINEMATICS 



Coma & A1689 

these span densities 10 -100 x greater  
than Virgo 

Coma : Scott et al., 2012, Houghton et al., 2013 
observed with SWIFT- 10 x 20”, a red optimised IFU on 
Palomar 5m in the CaT region. 

Abell 1689 : d’Eugenio et al. 2013 observed with 
FLAMES on the VLT – 15 element multi-IFU each 2x3” 
in the V-band rest frame. 



Coma: Selection 
LX = 7.21 × 1044 ergs/s 

SWIFT sample 27 galaxies chosen to match the parent sample  
of 377 spectroscopically confirmed members of the red sequence  

within radius of 15’ (0.43Mpc) in luminosity & ellipticity. 
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Coma : results 



Coma : results 

•  15 ± 6 % of the ETGs are Slow Rotators 
•  λR extends to ~0.5 cf. A3D ~0.7 



Abell 1689 (z=0.183) 

A1689 

30 galaxies within  a 
radius of 0.35Mpc of the  

cluster centre 

LX = 20.74 × 1044 erg/s 



Abell 1689: results 

•  15 ± 3 % of the ETGs are Slow Rotators 
•  λR extends to ~0.6 cf. A3D ~0.7 



Exploring dense environments 
•  A3D has only one high 

density region – Virgo – 
where the galaxy 
population is not 
dominated by ETGs. 

•  A3D field, A3D Virgo 
•  ~30 galaxies in each of  

Coma & Abell 1689.  

•  Averaging over the obs’d  
part of clusters fs is constant 
~15% 

•  within clusters fs increases with Σ3  - dynamical friction? 



The story so far……… 
•  Slow rotator fraction is constant ~ 15% across all 

global halo environments, field, Virgo, Coma, A1689 
•  Efficiency of ETG formation greater at high densities 

but FR and SR formation are boosted equally. 
•  Within a particular halo SRs are concentrated at high 

densities but SR fraction is not a f(Σ3) alone. 
•  If SRs live in more massive halos could dynamical 

friction drive them to the centre?  



If SRs live in more massive halos 
could dynamical friction drive them to 

the centre?  
Scott et al 2013 - no – at 
least not based on galaxy 
mass matched samples in 
Virgo (58 galaxies, 9 SRs)  
Σ3 (SR) = 1.91 ± 0.36 
Σ3 (FR) = 1.29 ± 0.16 

For this to work SRs need to reside in more massive halos 
than FRs (for example at the centre of a group halo that 

merged with the cluster)  



Fornax 
•  Of 30 galaxies with MK<-21.5, 10 are spirals, 
•  10 observed with WiFeS V-band IFU on ANU 2.3m 
•  Remaining 10 all FRs from literature or barred. 



Fornax 

slow 

Spiral Not obsd 

•  The slow rotator fraction = 13 ± 7 % 
•  FR fraction decreases monotonically 
with R but not with Σ3 

slow 

fast 



SAMI pilot cluster survey: 
Abell 85, 168 & 2399 

Fogarty et al 2014 

SAMI at AAT: 13 IFUs, 15” across, 61 x1.6” fibres,  
patrolling a 1º FoV, in V & R bands 



Abell 85  
z=0.0549 LX= 5.1 x 1044ergs/s 

28 ETGs, 6 SRs, 2 found at peaks in X-ray gas,  
fSR= 21±8% 



Abell 168  
z=0.0451 LX= 0.47 x 1044ergs/s 

12 ETGs, 1 SR, at peak in X-ray gas but  not in Σ3 
fSR= 8±8% 



Abell 2399  
z=0.0583 LX= 0.45 x 1044ergs/s 

33 ETGs, 4 SRs, not at peaks in X-ray gas nor Σ3,  
fSR= 12±6% 



A85, A168 & A2399 

73 ETGs, 11 SRs fs = 15% 



A85, A168 & A2399 

73 ETGs, 11 SRs fs = 15% 



Conclusions 
•  Slow rotator fraction is constant ~ 15% across all global halo 

environments, field, Fornax, Virgo, Coma, A1689 
•  Efficiency of ETG formation greater at high densities but FR 

and SR formation are boosted equally. 
•  Within a particular halo SRs are concentrated at high 

densities but SR fraction is not a f(Σ3) alone. 
•  If SRs live in more massive halos, associated with infalling 

groups, could dynamical friction drive them to the centre? 
•   The latest cluster results from SAMI survey cast doubt on the 

association of SRs with areas of locally high density. 
•  MaNGA & SAMI will explore intermediate density regions. 



Which one rotates fast? 
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