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Where is the boundary of a halo?
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The boundary of halos in phase space
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Outer density profiles of Dark Matter Halos
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Phase space boundary separates multi-streaming region from infall region
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dlog p/dlogr

Location of the splashback radius
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Splashback in Subhalos

Subhalos follow the same dynamics as dark
matter particles but are effected by
dynamical friction
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Sensitive to Cosmology .
Models of modified gravity predict different splashback.
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Observations of Splashback radius
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Stack clusters based on richness

richness > 20
M > 1el14 Mgy b1

Cluster - galaxy cross correlation

Measurement - Number density of galaxy in
projection as a function of radius
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Observation of the splashback feature in Galaxy density profiles
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Splashback radius in DES Y1 results
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Discrepancy persists in the lensing splashback radius as well
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No movement with redshift of host cluster



Why is splashback discrepant with simulations?

a) Dynamical Friction?
b) New Physics?
c) Observational bias?
Cluster selection?
Projection effects? (Busch & white 2017)

Orientation bias?
Aperture selection? (Busch & white 2017)

Different cluster selection method - SZ selected clusters



Splashback radius in SZ-selected clusters with DES, SPT and ACT
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Allen et al. 2011
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Splashback radius in SZ clusters with DES,
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Splashback radius in SPT SZ clusters, DES galaxies
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SPT and ACT are both consistent with simulations



Comparison with RedMaPPer
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Splashback in galaxy clusters
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 Slope profile of clusters closer to particles than subhalos - expected
» The inner regions are significantly steeper than profiles expected from simulations.

* See also Zuercher and More 2018 ( measurements with Planck clusters) - Our

results are consistent.



Splashback radius as a clock - Splashback as a function of galaxy color
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Phase space diagram of subhalos around clusters



dlog p(r)/dlogr

Splashback as a function of galaxy color
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Conclusion

 Splashback radius can be used as probe for halo history, dynamical friction

 The location of splashback is sensitive to Cosmology, difference in splashback of
massive subhalos in clusters

 Observations of splashback radius are consistent with simulations when SZ selected
clusters are used.

« systematic effects in RedMaPPer may be making splashback biased.

 Splashback radius as a function of color can give dynamical information about galaxy
quenching.
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