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Part |; Introduction
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What do the dark matter halos of early-type
galaxies look like?
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Why is DM distribution important?

* Test hierarchical growth scenario: are halos
growing the way we expect?

 Much more straightforward comparison with
numerical simulations

» Test for effects of baryonic physics: adiabatic
contraction vs. feedback

 Test for non-standard dark matter
* Predict DM annihilation signal
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Measuring dark matter

* Observationally, dark matter (in early-type
galaxies) is whatever mass does not follow the
light
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Measuring dark matter

_— \/4GM DDy,
FEin — 2 Ds

1 dp,o; 203 ~ GM(r)

0y dr r 2
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Part |I: The "Jackpot”
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The “Jackpot”

* Massive early-type

galaxy at z = 0.222 e
(Gavazzi et al. 2008),
V=-225

. -~
* Two lensed rings: .
more constraints than \ |

typical lenses

 Deep Keck
spectroscopy

Sonnenfeld et al. 2012
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The data

Offset from centroid (kpc)
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The model

e Light: two tPIEMD

(1) = per? | o5 — 7y
PAT) = Pele r2 4+r2  pZ 42

 Dark matter: power-law

p(r) ocr=en
» Osipkov-Merritt anisotropy ‘-’_g —1 re

2 2 2
o) ?‘a—l—r
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Results
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Results at higher halo masses

Star formation efficiency M, /M,,,/ (€2, /2. )
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Salp.+NFW
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Chab.+NFW
Chab.+Contract
Salp.+Core

Sonnenfeld+ 2012 "Jackpot"
Sonnenfeld+ 2015

Oguri+ 2014

Grillo+ 2012

Treu & Koopmans 2004
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Part |lll: ensemble measurements

A. Sonnenfeld, IPMU



SDSS[00444+0113

SDSST1313+0506

SDS511153+1612

SDSS728+3R35

SDS§[0959+4416

SDSET1416+5136

SDSS]1432+6317

S5D55]13138-0313

SDSS[1213+6703

SDSS5]0822 + 2652

SDEET1100+5329 SDSSJ0737+3216

S055]1451-0239

SDSEI1531534+4615

SDSSJ0956+5100

SDSSJ0216.0813

SDSSJ095%+ 0410

SDSS]1029+ 6115

SDSS§]1436+ 5610

SDSS]1621+3931

SDSSJ1709+2324

SDSSI1032+5322

SDSST1103+5322

SDS5T2311 +0000

SNSS1251.0:208

SDS5]1630 +4520

SDES]0a35-0003

|
|;,‘
i
|

SDES]1443+0304 SDSS[1218+03830

SDSSN1103+0006 SDSSJ0836+0813

SDSS[ON2R0055

SDSS[0330-0020 SDSSJ1525+3327

- »

Auger et al. 2009

SDSSJ2258-0754

SDSSJ0812 +0029

SDSSI1025+1230

SDSSI1BI6+4 7007

SDSSJ10204+1122

SDSS]2347-0005

SDS5]1644+2625

SDSSJ1016+3359

SDSS]0818+1554

SDSK]2300+0322

SDSS]1436-0000

SDSSI0903+4116

SDSS]2141-0001

SDSET1306+0600

SDSS[0037-0842

SDSS[1250+-0523

SDS55]1430+4105

SDSSJ0D08-0004

SDS5J1538+5817

SDSSJ16144+4522

SDSET110246321

SDSS[1258+6134

SDS5]01094 1500

£DS$]0157-0056




The SL2S survey

TABLE 1
CENSUS OF SL2S LENSES.

Grade A B C X Total

With high-res imaging 30 3 13 21 67
With spectroscopy 36 15 2 5 58
High-res imaging and spectroscopy 2% 3 0 0 30
Total with follow-up @ 15 15 26 95

Ruff et al. (201 1)

Gavazzi et al. (2012)
Sonnenfeld et al. (201 3a)
Sonnenfeld et al (201 3b)
Gavazzi et al. (2014)
Sonnenfeld et al. (2015)
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Dark and luminous matter
decomposition in “standard” lenses

SL25J142059+563007
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Hierarchical Bayesian inference

® Density profile of individual lenses is described by a set of parameters, e.g.

Vi = {Msx.i, MDM,is YDM 55 Fe i, AIMF,i }

® Individual lens parameters are drawn from a distribution describing the
general population of strong lens galaxies.The population distribution is
described by hyperparameters

log M, ; ~ N(log M, o + a.(z — 0.3), 04)
log Mpym.i ~ N(log Mpm,o + apm(z — 0.3) + Bpm(log M, — 11.5) + €pm(log X — log Xg), opm)

YoM ~ N(70,04)
log ammr,i ~ N(log amvr o + ¢imr(z — 0.3) + Brvr (log M, — 11.5) + &nvr (log X — log o), omvr)

®  Fit using Bayes formalism

P(ald) = P)Pd) = P ]| / dups P(d|as) P(i])
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Stellar mass density

Posterior predictive plot

depends on size
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e Dark matter mass anti-correlates with stellar mass
density: at fixed stellar mass, more compact objects
live in smaller dark matter halos

e Could also be that the dark matter content in the
inner few kpcs is driving the trend (for example as a
result of feedback)
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Conclusions

e We still know little about dark matter in ETGs

e Current sample of ~80 lenses gives competitive
constraints on dark matter masses (hence halo
masses)

* Lots of potential with future surveys

A. Sonnenfeld, IPMU



Thank you!
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Extra
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Caveats

Fiducial

Spherical

No gradient

Half gradient

Spherical, 3 =-0.25 orbits
Spherical, 3= +0.25 orbits
Spherical, Mamon-Lokas
No CSWAB, C5SWAL41
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Dark matter contraction

Inner slope of dark matter halo from MAC
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