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Brightest cluster galaxies share 
the same orientations as their 
host clusters
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Clusters and groups are aligned over tens of Mpc
“The orientations of clusters in superclusters is a conspicuous 

morphological property of superclusters.” – Einasto et al 1980
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Alignment of quasar black hole spin axes over large scales

West 1994 
Hutsemékers et al. 2014
Pelgrims & Hutsemékers 2016

Image: ESO/M. Kornmesser



Why do galaxy alignments matter?

They provide clues about the role of large-scale 
environment in galaxy formation and evolution

Intrinsic alignments are a source of contamination 
for weak-lensing measurements
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Origin of BCG alignments: 
Anisotropic mergers along filaments?
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Origin of BCG alignments: 
Tidal torques?
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Weak lensing by large-scale 
matter distribution 
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How have galaxy alignments 
evolved over time?



MACS J0416.1-2403          z = 0.396
look-back time: 4 billion years

Data for 65 high-redshift clusters taken from the HST archive
Abell, CLASH, MACS, SpARCS, SPT, etc.



MACS J0647.7+7015         z=0.591
look-back time: 8 billion years



IDCS J1426.5+3508 z = 1.75
look-back time: 10 billion years
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Cluster members identified from the red sequence



Cluster orientation from moments of inertia
Cluster orientations determined from moments of inertia



Excellent agreement with orientations from dark matter maps
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Cluster orientation from moments of inertiaGalaxy orientations determined using GALFIT
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Alignment versus galaxy absolute magnitude



Alignment versus galaxy ellipticity b/a



Alignment versus galaxy Sersic index n





• Larger sample, higher redshifts

Abell 209

3C 257   z = 2.47

van Breugel et al. 1998

• Why are some BCGs NOT aligned?



Noirot et al. 2016

z = 2.0

Finding the highest redshift BCGs…



Chandra x-ray observations

x-ray centroid

Abell 1185

Misalignment of low-redshift BCGs: location, location, location?

NGC 3550



• Other types of alignments

• Numerical simulations of BCG formation



Conclusions

• Brightest cluster galaxies have been aligned with 
their host clusters for at least 10 billion years

• They’re the product of a special formation history 
influenced by development of the cosmic web




