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1. Motivation

e Lambda Cold Dark Matter (ACDM)

- Collision-less cold DM
v Extremely successful for large scale structure
- Crisis on small scales (core-cusp, diversity, missing satellites, TBTF problems)

- Cluster scales (core-cusp problem / baryon physics (AGN) — cluster cores)

e Self-interacting dark matter (Spergel & Steinhardt 2000)

- Elastic scatter DM (0/M): R.cat = 00relpam/m ~ 0.1 Gyr™' x (0 1 lf,?m/pcs) (501;:;11/8) (1 Zr{:?/g)
: ©

- Small scales: cusps into cores and TBTF (o/m ~ 0.5-1 cm2/g)
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0.1 My /pe3/ \50 km/s/ \1 cm?/g
_ : ; Hingrate
- Small scales: cusps into cores and TBTF (o/m ~ 0.5-1 cm2/g) i1 clusters

- Cluster scales

» Bullet cluster: o/m < 0.1 cm2/g (Randall et al. 2008)

» core clusters with o/m ~ 0.1 cm2/g (Yoshida et al. 2000, Rocha et al. 2013)
» Diversity central densities with o/m ~ 1 cm2/g (Rocha et al. 2013)

» Cluster ellipticity: o/m ~ 1 cm2/g not excluded (Peter et al. 2013)

» Strong lensing: o/m < 0.1 cm2/g (Meneghetti et al. 2001)
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1. Motivation

e Meneghetti et al. 2001
- Extreme strong lensing arcs in simulated SIDM cluster-size halo
- 1 halo with Myir = 7.4 x 1014 h-1 M, at z= 0.278 (from Yoshida et al. 2000a, b)
- SIDM with o/m < 0.1, 1, 10 cm?/g

» NO Radial arcs = 0/m < 0.1 cm2/g
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2. SIDM simulations of cluster-size halos

e 1 halo zoom simulations (M2ooc ~ 1015h-1 M, at z=0)

Strongest lens and mayor merger at z ~ (0.250-0.333)

- MultiDark (MDR1) A 283 most “ MUSIC project R
massive halos _
Prada et al. 2012 —> http://music.ft.uam.es/
: WMAP7+BAO+SNI :
WWW.COSmMOoSim.org Om=0.27, Q2=0.73, 40963 particles
3 -1 Qp=0.0469, h=0.7 -1 i
L2048 part. 1h—-1Gpc boxJ L sphere 6h-1Mpc radius D

e 5 halo zoom simulations (M2ooc > 1015h-1 M, at z=0)
Strongest lenses at z ~ (0.250, 0.333, 0.429, 0.538)

- MultiDark (MDPL2) R 324 most & 300th project R
_ massive halos _
Klypin et al. 2016 > http://the300-project.org
. PLANCK 2016 2 :
WWW.COSmMOSim.org Qm=0.3, Q,=0.69, 38403 particles
3 -1 Qp=0.048, h=0.678 -1 i
L3840 part. 1h-1Gpc boxJ 9 sphere 15h-tMpc radius Y

Non-radiative runs (adiabatic): DM + GAS
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2. SIDM simulations of cluster-size halos

e 6 cluster-size halos with GIZMO (Hopkings 2015, 2017)
- Based on P-GADGET and GADGET-2 (Springel 2005)
- SPH + grid-based/AMR schemes
- SIDM module (Rocha et al. 2013)
- DM + GAS (non-radiative) particles
- Same ACDM initial conditions

- SIDM cross-section (velocity independent)

o/m=1cm2/g
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2. SIDM simulations of cluster-size halos

e 6 cluster-size halos with SIDM cuser model  z  Mso Mo e e

clus2  ACDM 0250 188 215 052 0.37
clus2 SIDM  0.250 191 213 054 042
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3. Gravitational lensing by galaxy clusters

e Deflection angle, convergence, shear and magnification

Deflection angle

Lens equation
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3. Gravitational lensing by galaxy clusters

®* Ray-shooting (Meneghetti et al. 2008, 2010)
- Project halo particles (DM+GAS) within 4.3h-1Mpc side box

Light-rays through a regular grid of 512 x 512 pix (250" x 250")

- 1,000 random projections on the lens plane

Select super-critical projections with y- > 1,000

log log log
15 20 25 3.0 3 — 05 10 15 20 25 30 3 — 05 10 15 2

=

a)

@)

<
Clus2
z =0.429
Zs — 2.0

SIDM

VII Meeting on Fundamental Cosmology (Madrid - 2019)



3. Gravitational lensing by galaxy clusters

® Super-critical projections (pur > 1,000)

Cluster z ACDM | SIDM
clus2 | 0.250 v X )
clus9 | 0250 | ¥ X SIDM clusters at
clus11 | 0.250 v X } low redshift are
clus2 | 0.333 v X ) T
—p  clus9 | 0.333 v v Cores with
Strong lensing —» clus11 | 0333 | v =< %
comparison —p  clus2 | 0.429 v v
ACDM/SIDM { 7 | 0429 7 v DM self-
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4 redshifts —p  clus82 | 0.429 v v mergers
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3. Gravitational lensing by galaxy clusters

® Super-critical projections (pur > 1,000)

cluster  model z fGE(") max(em

clusll  ACDM 0300 | 3597 626

clus11  SIDM  0.300 | 31.5%6 58.2

- Einstein radius slightly larger in _
ACDM than SIDM clusll  ACDM 0333 | 353%¢ 56,0

clus11  SIDM 0333 | 204132 507

+3.9
O x \/ Y (< Rg) clus9  ACDM 0333 | 20329 417

clus9  SIDM 0333 | 16.8*)] 20.2

clus2 ACDM 0429 | 21.3%}%° 528

- Number of projections with clos2  SIDM. 0429 | 332535 491
. . clus7 ACDM 0429 | 195%]9 494
tangential CC larger in ACDM than o7 SDM 0429 | 18026 414
SIDM clus82 ACDM 0429 | 332%7 450

clus82  SIDM 0429 | 304} 43.6

clus2 ACDM  0.538 | 18.8%)¢ 32.3
clus2  SIDM  0.538 | 18.4%3¢ 29.5

- Number of projections with radial
_ clus9 ACDM 0538 | 27.2*1 40.5
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4. Radial arcs statistics

e High-res maps (2048x2048 pix2, 0.12x0.12 arcsec? resolution)

o Lensing of ©(104) random sources in the source plane (zs = 2.0)

- Spatial density of sources increases near the caustics
- Elliptical sources (axis ratios > 0.5), surface = circle 1" radius

» Radial arcs selection: yr > 5 and (ur / ut) > 4

log | log |uj
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Length (1) and width (w) of radial arcs
(Miralda-Escudé 1993, Bartlemann & Weiss 1994)

Length (I): segment
connecting 1 and 3

Width (1): fitting
ellipse, circle,
rectangle and ring



4. Radial arcs statistics
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4. Radial arcs statistics

e All radial arcs found

This work Meneghetti et al. 2001
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5. Conclusions and future prospects

» 6 cluster-size DM halos @ z ~ (0.250, 0.300, 0.333, 0.429, 0.538)
e LCDM and SIDM (o/m = 1 cm?2/g) cosmological models
» 1,000 different projections on the lens plane
* High-resolution lensing maps (0.12 arcsec/pix)
® No supercritical SIDM halo for z < 0.3
» Length of radial arcs:
- mean(Isipm) = mean(l.com)
- max(Isipm) ~ 60", max(Il.com) ~ 69"
o Width of radial arcs: mean(wsipom) > mean(wc.com)
« Radial arcs in SIDM in regions with smaller convergence and shear

« Comparable radial magnifications
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5. Conclusions and future prospects

SIDM with o/m = 1 cm?2/g cannot be ruled
out based strong lensing by galaxy clusters

To do list:
* Lensing probability in ACDM/SIDM (both tangential and radial)

» Increase number of halos (variation in density profiles)
» Velocity-dependence of DM interactions in GIZMO

 Baryonic effects in SIDM simulations (Brinckmann et al. 2018)
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