
44.. SSppllaasshhbbaacckk rraaddiiuuss:: tthhee pphhyyssiiccaall eeddggee

33.. SShhaarrpp ddrroopp iinn ddeennssiittyy:: aa pphhyyssiiccaall ffeeaattuurree
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22.. VViissuuaall iimmpprreessssiioonn

11.. KKeeyy ttaakkeeaawwaayyss

TThhee SSppllaasshhbbaacckk RRaaddiiuuss
Surhud More (Kavli IPMU), Benedikt Diemer (Harvard), Andrey Kravtsov (UChicago),

Hironao Miyatake (JPL), Masahiro Takada (Kavli IPMU), Neal Dalal (UIUC)

SSuummmmaarryy
• Splashback radius is a physical boundary for dark matter halos, which

depends upon the mass and the mass accretion rate history of the halo.
• We have detected the splashback radius of massive galaxy clusters from

SDSS, a preliminary comparison shows that it is smaller than expected
from cosmological simulations, a systematic study is currently
underway.

RReeffeerreenncceess
• The density profiles (upper

panels) of the halos above
show sharp density drops at
their outskirts.

• The solid circles in the poll
above capture the steepest slope
of the density profile (lower
panel).

More, Diemer & Kravtsov 2015

55.. SSppllaasshhbbaacckk rraaddiiuuss iinn oobbsseerrvvaattiioonnss

• Do dark matter halos have boundaries? Yes!

• Are these boundaries physically interesting? Yes!

• Can these halo boundaries be observed? Yes!

More, Diemer & Kravtsov 2015

• These galaxy clustersized halos have equal masses.
• Which of these lines would you assign as the physical

boundary of dark matter halos? Poll by ticking below:
• Solid:
• Dotted:

• Splashback radius is related to the orbits of dark matter particles
within halos.

• The observed density drops are a result of the pile up of dark
matter particles due to small radial velocities near the apocenter.

• If the potential deepens during the particle orbit due to mass
accretion on to the halo, particles do not reach as far out.

• Larger the accretion rate, smaller the splashback radius
• Quiz time: Which halo in Fig 1 has a larger accretion rate?

S
p

la
sh

b
ac

k

S
p

la
sh

b
ac

k

D
ee

p
en

in
g

p
ot

en
ti

al

Faster accretion rate, smaller splashback radius

Toy model for Splashback

• We obtained the surface density profiles of galaxies around massive
clusters identified from the Sloan Digital Sky Survey

• The surface density profiles also show sharp steepening (solid line)
corresponding to the splashback radius of these clusters

• Subhalo density profiles around simulated clusters of similar mass
(dashed line) show that the observed splashback radius is smaller by
about 20 percent.

• Could it be due to some systematics in optical cluster finding or due
to dark matter selfinteractions?
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