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Need to step back and derive an algorithm
from the Boltzmann Equation
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Results from cosmological simulations - Halo densities,
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Results from cosmological simulations -
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Results from cosmological simulations -
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Work in progress - Merging clusters
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Work in progress - Merging clusters

Observations
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Work in progress - Merging clusters
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Work in progress - Merging clusters
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Conclusions

® SIDM with 0/m < | cm?/g is alive!

® 0.1 <0/m < 0.5 cm?/g is the interesting regime,
able to solve the cusp/core problem and TBTF
while still consistent with cluster observations.

® Merging clusters are a promising way to probe
the d/m > 0.1 cm?/g regime. MCC will either
yield a measurement or rule out the
astrophysical interesting cross sections.
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Work in progress - More simulations
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Results from cosmological simulations - Halo densities
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Results from cosmological simulations - Halo shapes

M=(10"-10")M  /h M=(10"-10")M_ /h M=(10"-10")M  /h

Ie
R
O
<
O
7y
v
O
2

Radius/rvir

o/m=1cm?/g
o/m= 0.1 cm?/g
collisionless

Rocha et al. 2013
Peter et al. 2013

Friday, August 9, 13




Results from cosmological simulations - Halo shapes

We see surface density (or
gravitational potentials) in
projection.
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Results from cosmological simulations - Halo shapes
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Results from cosmological simulations
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Results from cosmological simulations -
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Work in progress - More simulations

Density Profiles for Dwarf Halos Density Profiles for Dwarf Halos
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Work in progress

Vmax ~ 37 km/s
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Work in progress - Merging clusters

Predictions vs. Observations
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Work in progress - Merging clusters

Predictions vs. Observations
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Results from cosmological simulations - Halo densities,

shapes & substructure
Observations
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Results from cosmological simulations - Halo densities,
shapes & substructure

Observations
Milky Way dwarfs

“Too big to fail”
(Boylan-Kolchin+ 2011)

Need less DM in ~100 pc
in 10°-101° My halos

Cores in ~0.5 kpc

observed
Walker&Penarrubia 2011

Friday, August 9, 13



Results from cosmological simulations - Halo densities,
shapes & substructure

Observations
Milky Way dwarfs Low-mass Spirals
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Results from cosmological simulations -

Observations
Milky Way dwarfs Low-mass Spirals Galaxy Clusters
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Results from cosmological simulations -
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Previous Constraints

Reference  Constraint [cm? /] From Problem
Yoshidal et. al Cluster
~ 0. . One cluster
2000 o/m <~0.1 density core .
Dave et. al Dwarfs Narrow mass
o/m = 0.1-10 ,
2001 density Cores range
Gnedin & g/m < 0.3 Subhalo Ovesllle;rt];Toated
Ostriker 2001 ' evaporation .
evaporation
Miralda-Escude Overestimated

o/m < 0.02 Halo shapes

2002 halo sphericity
High central
Ranczl?)I(I)Set al. o/m < 0.7-1.25| Bullet Cluster| densities and
relative vel.
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2000 TSP densitycore | — o
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Gnedin & g/m < 0.3 Subhalo Ovesllle;rt];Toated
Ostriker 2001 ' evaporation .
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Yoshidal et. al i< 0.1 Cluster Ore-cluster
2000 TSP densitycore | — o
Dave et. al Dwarfs Narrow mass
o/m =0.1-10 ,
2001 density Cores range
Gnedin & A Subhalo Overelslt||1l1ated
Ostriker 2001 | =/ ~ "7 | evaporation RN
evaporation
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Previous Constraints

Reference  Constraint [cm? /] From Problem
Yoshidal et. al i< 0.1 Cluster Sre-chuster
2000 a density core | =
Dave et. al Dwarfs Narrow mass
o/m =0.1-10 ,
2001 density Cores range
. Overestimated
Gnedin & A Subhalo N
Ostriker 2001 | =/ ~ "7 | evaporation RN
evaporation
Miralda-Escude| = _ e Overestimated
2002 U/l N V.U 1 1alv DllalJCD halo spher|c|ty
High central
Randall et al. »
5008 o/m < 0.7-1.25| Bullet Cluster| densities and
relative vel.
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Today’s Constraints

Reference

Constraint [cm? /g]

From

Problem

Rocha et.al 2012

Peter ot al 2012 0/m~0.1-0.5 | cores & shapes | extrapolations
Dave et. al | Narrow mass
o/m = 0.1-10 | Dwarfs cores
2001 range
High central
Randall . | &
a 2?)08et a o/m < 0.7-125| Bullet Cluster| densities and
relative vel.
Vogelsberger et al.2012 O'/m > 0.1 MW dwarfs MW dwarfs only
Zavala et al. 2012 Veloutybceler?eeenddeednce may (resolution?)
Merging . .
MCC Time will tell
Clusters
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Vinax = 846 km/s Viax = 713 km/s - Vimax = 553 km/s
rs = 249 kpc rs = 152 kpc rs = 126 kpc

—e CDM
A—A SIDMOJ_

*—x SIDM;

IIIIII
IIIIII
Viax = 343 km/s _| Viax = 159 km/s _| Viax = 128 km/s _|

= 67 kpc rs = 20 kpc rs = 19 kpc
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Mvir = 2 X 1014 M@

= 249 kpc = 126 kpc

— 6 X 1013 M@
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NFW rg [kpc] (CDM)

* Vmax/Rmax similar
to CDM
*Vmax-Rmax relation
unchanged

Rocha et al. 2012
arXiv:1208.3025




Table 1: Simulations discussed in this paper.
Number of Particles ~ Particle Mass ~ Force Softening ~ Smoothing Length ~ Cross-section
Np mp [h"Mg]  e[h™ T kpc] hg [h"tkpel  o/m[cm?/g]

CDM-50 5123 6.88 x 107 1.0
CDM-25 5123 8.59 x 10° 0.4
CDM-Z11 - 2.5 x 100% 1.07 x 100% 0.3
CDM-Z12 - 5.6 x 107* 1.34 x 10°* 0.1

SIDMg 1-50 5123 6.88 x 107 1.0
SIDMg 1-25 5123 8.59 x 100 0.4
SIDMg 1-Z11 L) 2.5 x 100% 1.07 x 105% 0.3
SIDMg 1-Z12 - 5.6 x 107* 1.34 x 10°% 0.1

SIDM;-50 5123 6.88 x 107 1.0
SIDM;-25 5123 8.59 x 100 0.4
SIDM;-Z11 2.5 x 106% 1.07 x 105% 0.3
SIDM;-Z12 - 5.6 x 107* 1.34 x 10°% 0.1
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Comparison to observed
core sizes

Observed o/m=1 cm?¢/g o/m=0.1 cm?/g

Clusters 10-75 kpc 95-155 kpc 16-20 kpc

700- | OOO Arabadijis et al. 2002, Sand et al.
2004, 2008, Saha et al 2006, Saha &

km/s Read 2009 Newman et al.
2009,201 |
Low-Mass 0.5-8 kpc 3-10 kpc 0.6-2.5 kpc

. de Blok et al. 2001, Simon et al.
SPI rals 2005, Sanchez-Salcedo 2005, Kuzio

50-130 km/s | de Naray et al.2008,2010, Oh et
al .201 1, Salucci et al. 2012

050 b 0.9-3 kpc 0.2-0.6 kpc
20-50 km/s 0.2-1 kpc

Walker & Penarrubia 201 |
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Comparison to observed

Clusters
700-1000
km/s

Low-Mass

Spirals
50-130 km/s

MW dSphs
20-50 km/s

core sizes

Observed o/m=1 cm?¢/g o/m=0.1 cm?/g

10-75 kpc 95-155 kpc 16-20 kpc

Arabadjis et al. 2002, Sand et al.
2004, 2008, Saha et al 2006, Saha &
Read 2009 Newman et al.
2009,201 |

0.5-8 kpc 3-19 kpc 0.6-2.5 kpc

de Blok et al. 2001, Simon et al.
2005, Sanchez-Salcedo 2005, Kuzio
de Naray et al. 2008,2010, Oh et
al . 2011, Salucci et al. 2012

0.2-1 kpc 0.9-3 kpc 0.2-0.6 kpc

Walker & Penarrubia 201 |
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* We see surface density (or gravitational
potentials) in projection.

* If inner parts have flattened density, outer parts
have even greater weight.
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* We see surface density (or gravitational
potentials) in projection.
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have even greater weight.
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Revisit heg

Miralda-Escude (2002)




Revisit ey

Miralda-Escude (2002)

MS 2137-23
Sand et al. 2008



Revisit ey

Miralda-Escude (2002)

Requires a non-circularly-
symmetric surface density atr
> 70 kpc.

Assume €=0 if /7 > 1

=2 og/m < 0.02 cm?/q.

MS 2137-23
Sand et al. 2008
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Revisit ey

Miralda-Escude (2002)

Requires a non-circularly-
symmetric surface density atr
> 70 kpc.

Assume €=0 if /7 > 1

= o/m < 0.02 cm?/q.

MS 2137-23
Sand et al. 2008

Tightest constraint by far (by > 10x)!



Constraints from:
Observations

flux vs time light curves, for image pairs | Ackn. M. Kuhlen. D. Coe. +
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