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Members of the U of T astronomy department in 1962 
with the David Dunlap Observatory in the background: 
from left to right, S. Van den Bergh, Helen Hogg, D.A. 
MacRae, Ruth Northcott, J.D. Fernie and J.F. Head 
(director).

NGC4569

Gas deficient, anemic spirals

Motivation

VIVA
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Spiral structure

Red in optical wavelength

No/weak star formation

Old in the center (Fraser-Mckelvie+18), intermediate ages overall (Pak+19)

Higher bar fraction (Masters+11; ~76% in Fraser-Mckelvie+18; ~80% in Pak+19;)

Low- and high-z (Moran+06)

In the intermediate density environments (Goto+03; Masters+10),   
also in isolation (Fraser-Mckelvie+18)

Hubble Zoo

Masters’s talk

DECaLs

High z

Passive spiral galaxy
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1) Faded spirals

Through secular processes and/or environmental effects 
(van den Bergh+09, Laurikainen+10, Williams+10, Bekki & Couch 11, Aguerri+12, Cheung+13, 
Rizzo+17 etc.) 
➞ Bulgeless/Disk-like (pseudo) bulges (rotation supported) 

(Spitzer & Baade 51, Querejeta+15, Falcón-Barroso+17, Tapia+17, Méndez-Abreu+18, Diaz +18) 
➞ Classical bulges (pressure supperted)

2) Major mergers/Gas accretion (high-z)

Motivation
Formation scenarios for S0 galaxies
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In observations.. 
The continuity between spirals and lenticulars in many parameter spaces 
eg. Structures (B/T; Laurikainen+10) and Kinematics (spin; Bellstedt+17,  angular momentum; 
Rizzo+18)

Bekki & Couch+11

In simulations..

Motivation
Spiral → (Passive spiral) → S0?
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Passive spirals + S0s

1 Re

2 Re

half Re

Center

∆ = 1Re - center

Pak+19

Stellar populations of nine passive spirals in CALIFA survey

Motivation

Quenched recently (~5 Gyrs) w/o destroying spiral 
structure 

Passive spirals are under a bias towards younger, 
higher [Z/H], lower [α/Fe].  

Hint of environmental quenching 

Passive spirals
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~3200 galaxies 
A redshift range 0.004 < z < 0.16 
All morphological types  
A large stellar mass range 7.5 < log(M★/M⦿) < 11.6 
A wide range of environments 
A 1-degree-diameter field of view 

SAMI Galaxy Sruvey 7



Selection criteria 
- eyeball: spirals with red in optical wavelengths 
- IR colors

52 cluster & 18 field/group passive spirals

Passive spiral selection
Some examples of PSp in clusters (top) and field/groups (bottom)
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Field/groupClusters

Results PSp vs. S0s & Cluster vs. Field/group environments

< 1Re 
★ PSp 
 S0
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Passive spirals tend to be younger than S0s at the fixed stellar masses in cluster.  
Cluster passive spirals tend to be more metal-rich than S0s (log (M★/M⊙) ≳ 10.0). 
[α/Fe] flattens and/or bends over at log (M★/M⊙) ≳ 10.5 for the field/group passive spirals and S0s. 

Results Mean stellar populations for all subdivisions in each mass bin
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Pasquali+19

- curves in phase-space from Pasquali+19,  
   which grade the average infall time  
   (= time elapsed since the first infall) of the galaxies

Results Age in phase-space 
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Results Age and [α/Fe] with zones

earliest infall

<Age> <[α/Fe]>
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Passive spiral galaxies may have different formation histories depending on their environments. 

Spiral to S0 transformation is probably caused by multiple mechanisms.  
In low density environment, 
1) cold gas accretion 
2) gas fuel by wet minor merging

Conclusions

Sancisi+08
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Conclusions
Spiral to S0 transformation is probably caused by multiple mechanisms.  
In cluster environment, 
1) merging at early epoch  
    ➞ older & more α-enhanced S0s 
2) interaction with clusters  
    ➞ younger & lower α-enhanced S0s 
        through passive spiral phase
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✪ Suggesting observational constraint in timescales between SF quenching  
    and morphological transformation (~5 Gyrs) 

✪ Passive spiral galaxies also may have different formation histories  
   depending on their environments.

Passive Spirals could be one of the channels  
transforming from spirals to S0s.
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