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Abell 3667 [Ghizzardi et al 2010]

[ZuHone & Su 2022]

Cold Fronts are ubiquitous



Sloshing cold fronts
- Spiral shaped cold front

- Observed in many galaxy clusters

- Promptly created in simulations of mergers 

(perturbation due to a subcluster)

- Due to gas sloshing in gravitational potential

A2319
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Perseus

The brighter galaxy cluster in X-ray

A richness of features appear

GGM

Sloshing cold fronts 

(spiral)

Bay (KHI?)

2 fronts at very large radii 

~ RvirCF at ~ 700 kpc

bubbles



Large-scale CF in Perseus
[Walker et al 2016]



What is required to create and sustain CF large 

radii?

How old is that large scale cold front (CF)?

What prevents the disruption of the CF?

The subcluster is not readily apparent, but can the 

presence of this CF constraints on number of 

passages, subcluster position etc? 

Where does the split in the temperature come from?

Perseus Large-Scale CF
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Perseus initial profiles:



Set-up:

AREPO simulations
- isolated box
- fully ionized ideal fluid 

- MHD β = Pth/PB 
- virialized DM halos



The Effect of the Mass and the Gas Content:

Increasing subcluster mass
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How old is the Large-Scale Cold Front?



How old is the large-scale CF?



The Evolution of the Temperature Split

Time evolution

(R = 1:5, v = 2000 km/s)
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Time evolution



What happens in the center?

Time evolution



Comparison with Observations



Summary
➔ Perseus has multiple interesting features in X-ray (e.g. core CF, large ancient CF, hot tongue, fronts at large radii..)

➔ We performed a parameter study (AREPO) of a two-body merger 

➔ Mass and gas content have big effect on CF existence, shape and position (larger mass = bigger jumps = more visible CF)

➔ Gaseous subcluster = stronger jumps in temperature and density, and more turbulence

➔ Multiple passages are more messy but one-passage sims cannot produce inner CFs and large-scale one

➔ Almost constant CF expansion speed (~100 km/s), independent of initial params unless multiple kicks

➔ Some sloshing CFs show a split (hot tongue) in the northern part (moving in opposite direction)

In future work we will consider the effects of radiative cooling, accretion onto a central SMBH, and AGN feedback 
and their interplay with sloshing CFs



Comparison with Observations



Resolution: cell size in the inner 100 kpc for snap 86, size ~3.5 kpc



The Effect of the Mass and the Gas Content:

Increasing subcluster mass



Impact of the sloshing 

on the magnetic field



Projection Effects



Subcluster distance



Zhang et al 2020



Li et al. 2020
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