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Slow QUENCHING: strangulation/starvation/suffocation  

 In humans: death by strangulation is a slow process

 - victim uses up oxygen in the lungs but keeps producing 
carbon dioxide, which remains trapped in the body

- high levels of carbon dioxide in the blood of a corpse 
suggest strangulation/suffocation

In galaxies: strangulation is a slow star formation quenching 
process (e.g., Peng et al. 2015, Maier et al. 2016, 2019a,b) 

- the supply of pristine gas (which would otherwise dillute the 
ISM) onto the galaxy disk is halted, but star formation can 
continue, using the gas available in the disk until it is 
completely used up

- instead of building carbon dioxide (cf. humans), the 
strangled galaxies accumulate metals produced by massive 
stars (no gas dillution of their ISM by pristine gas inflow)

- higher gas metallicities: evidence for galactic “strangulation” 
or “suffocation”

 

Lilly et al. (2013):

Bathtub model



    

Slow-then-rapid quenching in clusters at z~0.2  
revealed by higher gas metallicities inside R200 
+ comparing fractions of SF galaxies as function 
of clustercentric radius with simulations:

  Quenching Timescales:

1-2 Gyr for slow-quenching using part of 
available gas reservoir, 

~0.5-1Gyr for rapid quenching when ICM 
density higher (ram pressure > restoring 
pressure of the gas), when galaxies travel to 
denser inner regions of cluster

Galaxies fly towards the center of the cluster: 

- first, after passing Rvirial (R200), slow 
quenching (supply of pristine gas onto galaxy 
disk halted) 

- then, above an ICM density threshold 
(derived from Chandra X-ray data at z<0.1), 
rapid quenching (quenched fraction increases 
faster) with cold gas affected by ram pressure

    Roberts et al. (2019)                              &              Maier et al. (2019a) 

 z<0.3 clusters: slow-then-rapid star-formation quenching



- cluster XMMXCSJ2215.9-1738 at z~1.5 (XMM2215 in the following) 

- discovered in the XMM Cluster Survey (Stanford et al. 2006)

Do we see strangulation of cluster galaxies around 
cosmic noon? 

HST H-band image and spectroscopic cluster members at R<0.5R200 

- M200~ 6x1014Msun

  

- extended emission from the hot gas: 
advanced evolutionary state

 

- a wealth of spectroscopic redshifts 
of XMM2215 cluster galaxies 
published (Hilton et al. 2009, 2010; 
Hayashi et al. 2011; Beifiori et al. 
2017; Chan et al. 2018)



Metallicities of cluster galaxies
- KMOS spectroscopy of Hα and [NII] (24 IFUs) covering about one virial 
radius R200 for 19 cluster galaxies

- 10 cluster galaxies with metallicity O/H measured from [NII]/Hα; 2 AGN

Maier, Hayashi, Ziegler & Kodama (2019b)



    

Phase-space diagram for cluster XMM2215 

- phase-space diagram (left panel) characterizes accretion state of cluster galaxies relatively free 
from effects due to the 2D projected positions with respect to the cluster center (right panel)

- phase-space diagram at R<R200 using 58 cluster galaxies with spec-z

- Dashed large triangle: virialized region derived by Rhee et al (2017) using cosmological 
hydrodynamic simulations of clusters

- galaxies with KMOS H-band spectroscopy: large symbols

   Cluster-centric radius vs. line-of-sight velocity relative to cluster redshift



    

XMM2215 z~1.5 galaxies inside half R200 have 
higher metallicities by ~0.1dex (and higher 
[NII]/Hα ratios by ~0.2dex) than infalling 
galaxies and  KMOS3D field galaxies at z~1.5

- slightly lower specific SFRs, but are still star-
forming → slow quenching (strangulation) 

Mass-metallicity relation of cluster galaxies  



Hayashi et al.: ALMA measurements of molecular gas in XMM2215 

- CO emission line detection in some galaxies inside the triangle, some members not 
observed with ALMA: the main component of the stripped gas is the neutral gas, while 
the molecular gas (ALMA) is less affected by the ram pressure

- strangulated galaxies continue to form stars, using available cold gas in the disk which 
is not stripped 

Molecular gas in cluster galaxies  



    

Chartab et al. : MOSFIRE for [NII] and Hα of z~1.5 galaxies: higher O/Hs in overdense 
environments compared to field

- Agreement with the enhancement of 0.1dex in metallicities (compared to coeval field 
galaxies, KMOS3D) found by Maier et al. (2019b) inside half R200

- Other studies (grey symbols): no enhancement in O/H in denser regions, but they assume 
that all cluster members have similar densities (both R<0.5R200 & R>0.5R200): this weakens 
any underlying environmental dependence of the MZR

Comparison with other cluster metallicity studies    

Chartab et al. (2021)



    

At R<R500: a higher fraction AGN and Recently Quenched Galaxies RQGs in clusters 
with passive BCGs compared to AGN and RQGs in clusters with active BCGs 

                                                                                             
Fraction of AGN and RQGs in 18 clusters           

    Maier et al. (2022)



    - More rapid  quenching of satellites around passive BCGs due to 
RPS and  AGN that recently quickly quenched galaxies

Synergy RPS-AGN: 

- increasing RPS toward cluster center can compress the gas and help 
fuel an AGN

- by heating and driving winds that radially redistribute the gas located 
deepest in the galaxy’s potential well to the outer parts of the galaxy, 
AGN feedback can make this gas more susceptible to stripping

- thus, RPS and AGN can quickly shut down star formation and 
maintain galaxies quenched

                                                                                             
           

    

                 

Maier et al. (2022)

AGN feedback quenching cluster galaxies and 
maintaining galaxies quenched in synergy with ram-
pressure stripping (RPS)



Data: JWST CEERS NIRSpec   

Properties of galaxies revealed by JWST 
(work in progress, student thesis under my supervision)

Gas metallicities lower at high-z 



    

- KMOS H-band observations of [NII] and Hα  for XMM2215 cluster galaxies 
at z~1.5, selected from the phase-space diagram to be at R<R200: higher 
metallicities of galaxies inside half R200 compared to field galaxies (KMOS 
3D) and infalling galaxies at similar redshifts

Additional PI KMOS observations of Hβ and [OIII] confirm these findings

- evidence for slow quenching (strangulation) of cluster galaxies due to the 
stopping of the primeval gas inflow from the (neutral) gas reservoir which 
would otherwise dillute the ISM and maintain their ISM metallicities at field 
galaxies values

- cluster galaxies continue to form stars, albeit at slightly lower rates, using 
the available (molecular) cold gas in the disk which is not stripped

Conclusions   
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