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Galaxy Groups and Clusters: the building blocks of the cosmic web
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Galaxy Groups and Clusters: the building blocks of the cosmic web
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● Tracing groups: cold gas, hot gas (stars)
● Observations: Thermodynamic properties
● Simulations: model the physical processes 

governing the gas dynamics



Central Black Holes influencing gas dynamics

Galaxy groups

● Gravitationally bound 
systems, 10-100 
galaxies

● Feedback can affect 
strongly gas 
properties

Galaxy Clusters

● Gravitationally 
bound galaxies 
(>100)

● Feedback has 
marginal effect on 
temperature and 
density



Gas mass fraction in different Hydrodynamic Simulations
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Marini et al. (2025)

Magneticum:
● High gas fraction →        

less BH activity
● Low gas fraction → 

significant AGN feedback



Gas mass fraction in different Hydrodynamic Simulations
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Marini et al. (2025) Costello et al. (2026)

Magneticum:
● High gas fraction →        

less BH activity
● Low gas fraction → 

significant AGN feedback

FLAMINGO:
● Different trend between low 

and high-mass halos

What about other simulations?



Gas mass fraction in IllustrisTNG-300
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Marini et al. (2025) Costello et al. (2026)
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Signs of re-accretion? 
LOW MASS HALOS
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Signs of re-accretion? 
HIGH MASS HALOS
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High mass halos
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Signs of re-accretion? 
HIGH MASS HALOS
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Conclusions

● Gas mass fraction of galaxy groups in 
IllustrisTNG :

○ Similar trend compared to FLAMINGO 

○ Inconsistent with Magneticum at high mass

● Low- and High Mass Halos behave differently

○ Low-Mass: gas is pushed out relative to the 
group center

○ High-Mass: signs of re-accreting gas 
partially explaining the rise in gas fraction

● Split based on gas fraction for halos with the same 
mass reveals different evolutionary tracks
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Future plans

● Further explore what is causing 
different evolutionary tracks in the 
case of groups with the same mass:
○ Split in gas mass fraction
○ The environment of galaxy 

groups can also affect gas 
evolution potentially 
explaining this difference
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Backup 
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Low Mass halos - split in gas fraction

● Low gas fraction:
○ Halo collapsed earlier
○ BH seeded earlier
○ OLD
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● High gas fraction:
○ Halo collapsed later
○ BH seeded later
○ YOUNG

Old & Low mass halo

Young & Low 
mass halo



High Mass halos - split in gas fraction
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Old & High 
mass halo

Young & High 
mass halo

● Low gas fraction:
○ Halo collapsed later
○ BH seeded later
○ YOUNG

● High gas fraction:
○ Halo collapsed earlier
○ BH seeded earlier
○ OLD
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