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The ACDM model

The standard model of cosmology

e (Cosmological constant A
— Dark energy 4
e Cold dark matter (CDM) />
— Collisionless
e Ordinary matter

Dark Matter

Dark Energy

Credit: Planck & ESA
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Structure growth

Hierarchical:

GGravitational evolution
4_ halo

(dark matter)

: e spiral disk
Population of DM haloes T isible stars)
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Contain a population of subhaloes

source: https://kids.frontiersin.org/
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Galaxies form at centres of (sub)haloes


https://kids.frontiersin.org/article/10.3389/frym.2017.00029

Discrepancies with CDM

CDM paradigm explains
observations on large scales well

simulated cusp

log p éﬂ. Discrepancies on subgalactic scales

observed core
Gt=4)

o=

logr
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Not collisionless, but self-interacting DM (SIDM)?



Why look

INnteraction rates scale with
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L ook at massive
systems, i.e. clusters!

at clusters?

Kaplinghat et al. (2016)
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DM distribution can be probed by
strong and weak gravitational lensing
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Why merging clusters?
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Merging clusters as cosmic colliders

Galaxies: collisionless test particles Harvey et al. (2015)

Hot, diffuse gas

(Gas: dissociated through ram pressure  visble fxrays Dark matter

found via gravitational lensing

CDM:
DM remains incident with galaxies

SIDM:
Drag from self-interactions offsets
DM from galaxies

(Stars in) galaxies
visible in optical
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This work

Look at offsets of DM and galaxies/stars
in simulated merging clusters

(not really...)
offsets of centres of particle
distributions: 300 most massive clusters with
shrinking-spheres methoo subtructures > 5% cluster mass

s there any difference in the CDM and SIDM sims?
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Simulation data

BAHAMAS (BAryons and HAloes of MAssive Systems)

McCarthy et al. (2016)

stondord model

400 Mpc/h
run with CDM & S|

DOX

g
velocity independent Cross-section:;

o/m=0.1,0.3, 1

DM particles mass: 5.

DM physics

0cm¥g
5 x 10° M

2 x 1024° particles
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Implementation of self-interactions

At each time-step:
- DM particles search for neighbours within a radius he
- Scatter isotropically with probability:

DM particle mass

Cross-section \ 4 /veoc'ty
Srobability — - (o/m) mpm VAt — time step
scat — 4_ﬂ.h3
3 "SI —

search radius
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Robertson et al. (2017)



The shrinking-spheres method

shrink by shrink by
factor f factor f
CoM
shrink sphere by a factorf/ e.g. tolerance, number of
until reaching a limit particles, final radius
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Offset vs. cross-section

substructures
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Analytical model from
Harvey et al. (2014)

0.0 0.2
3 = fractional offset

0.4 0.6 0.8
o/m [cm?/g]

1.0

Offset increases with
Cross-section!
But CDM non-zero?

Physical or systematics?
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Wldths of offset distributions

CDM

—--- best fit - Distributions are for offsets
in cluster haloes
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Wldths of offset distributions

CDM

-- best fit 1

Distributions are for offsets
N cluster haloes
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Wldths of offset distributions

CDM

-- best fit 1

Distributions are for offsets
N cluster haloes
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Wldths of offset distributions
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CDM

—--- best fit - Distributions are for offsets
in cluster haloes
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Wldths of offset distributions
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—--- best fit - Distributions are for offsets
in cluster haloes

CDM

Width Gaussian:
iNncreases with O/m!/\

BCG 'wobbles'?
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Widths of offset distributions
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Effect stronger in
cluster haloes

Effect stronger
N 207
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Look at other
projections?
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Summary & next steps

Looked at DM-stellar offsets in merging clusters simulated with CDM & SIDM

o Offsets increase with cross-section, but CDM on average not zero
e \\/idths of offset distributions increase with cross-section: BCG wobbles?

Pertorm similar tests with observational techniques:
e Centre of DM with gravitational lensing
e Find stellar and x-ray peaks using peak-tinders

Do full analysis on actual observational data?
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Current cluster constraints
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Analytical model

al" Optically thin DM bullet

driven by microscopic
forces, drag xOpm

Optically thick material
behaves like a fluid, drag

governed only by geometry

Harvey et al. (2014)

Drag on substructure DM, D

=
a
%

OpMm —»



