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Abell 1689 (optical)

Perseus Cluster 
(X-ray + radio)

Why (high-res) galaxy cluster simulations?

M31

Bullet cluster 
(optical + WL)

See talk by David Barnes 
(Thu morning)



“Hydrangea 
macrophylla”

“Hydrangea…”



Galaxy mass and environment

[Kauffmann et al., 2004]
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[Calvi et al., 2013]

Bias towards massive galaxies in 
high-density environments - also 
beyond BCG?

Low-density 
High-density

Clusters (sats) 
Field



The EAGLE simulations

[Schaye et al., 2015], image: R. Bower / J. Trayford (ICC Durham)



The EAGLE simulations

[Schaye et al., 2015], image: R. Bower / J. Trayford (ICC Durham)

(Relatively) realistic population of 
field galaxies, also in terms of 
colour, neutral gas content, …



3.2 Gpc

0.1 Gpc 
(Eagle-L100)

Hydrangea: project design



3.2 Gpc

Hydrangea: project design

500 Mpc



[35 million CPU hours on 
HazelHen@HLRS, 

Germany, 40+ M total]

> 100,000 clusters 
(M200 > 1014 M⊙)

24 selected for zoom re-simulation, out to 10 r200 
(environment does not end at r200, Bahé+13)

Hydrangea: project design

Complemented by additional 
zooms to 5 r200 for ICM studies  
(David Barnes @ Manchester)

500 Mpc

50 Mpc



[Hydro equivalents of last slide]
100 pkpc

1 pMpc

Gas (density/temperature)

Stars + gas density



Satellite galaxies



Passive galaxy fraction (satellites)

Reasonable overall: 
(much) higher passive 
fraction in clusters. 

Less good: wrong 
trend with stellar mass 
(not for centrals!)
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Satellite galaxies: stellar mass function

Number of galaxies per unit volume

1014.0 - 1014.5 M⊙ 

R2D < 300 pkpc

1014.6 - 1014.9 M⊙ 

All satellite galaxies

1014.5 - 1015.4 M⊙ 

R2D < 0.6 r200



Satellite galaxies: stellar mass function
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Normalized stellar mass functions

Mostly agreement with 
field, but:

(i) Lack of low-mass 
galaxies (M✭ ≲ 1010 M⊙) 
within r200 

(ii) Excess of massive 
galaxies (M✭ ≳ 1010.5 M⊙) 
everywhere 

Normalize stellar mass 
function by total mass in 
the same volume



Separating young and old stars

Young stars:  
Clear deficiency at low mass, 
no excess at high mass



Separating young and old stars

Young stars:  
Clear deficiency at low mass, 
no excess at high mass

Old stars: 
Clear excess at high mass, 
no deficiency at low mass



Stellar mass fractions

Stripping in 
centre (real or 
artificial?)

Higher stellar 
mass fractions in 
cluster outskirts

0-1 r200 
1-2 r200 
2-5 r200 

5-10 r200

Ref-L100 
AGNdT9-L050



Stellar mass growth

Persistently 
higher star 
formation 
efficiency 
compared to field

No shift of star 
formation peak



Halo concentrations around clusters

Haloes are more concentrated around clusters 
Already in DM-only, amplified by baryons



Summary

Hydrangea: C-EAGLE project to simulate 24 galaxy 
clusters at ~106 M⊙ / 1 kpc resolution, out to 10 r200.

Stellar mass function of cluster satellites 
reproduced well, quenched fraction largely 
realistic (at least at Mstar > 1010 M⊙)

Young stellar mass deficit in low mass cluster 
galaxies as result of quenching 

Old star excess even in far outskirts

Subhaloes of a given mass have formed more 
stars around clusters than in the field. This is at 
least partly due to higher halo concentrations.





Normalized subhalo mass function

No subhalo 
excess at any 
mass: subhaloes 
distributed in 
pure power-laws

N.B.: Power-law index 
shallower than in 
Dolag+09 (α = -1)



Tully-Fisher relation

Little variation 
with environment 
at v > 150 km/s

Different 
concentrations of 
(sub-)haloes 
near clusters 
compared to field



Does concentration matter?

Concentration 
differences 
explain some, 
but not all of the 
stellar mass 
excess around 
clusters


