
Strong Lensing and the Density Pro�les

of Halos and Galaxies

Dragan Huterer

Case Western Reserve University

with: Adam Davis, Lawrene Krauss

1



Is Cold Dark Matter in trouble?

\There does not seem to be a oherent pattern to the present list

of hallenges to the CDM model"

(Peebles & Ratra, astro-ph/0207347).

Density pro�les of galaxies are shallower than predited;

few dwarf satellite galaxies observed than predited

) derease the small-sale power

But

Quasars (powered by blak holes?) observed out to z � 6

) inrease the small-sale power
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Galaxy Rotation urves, ira 1975

mv

2

r

=

GMm

r

2

Luminous M only, expet v / r

�0:5

Inluding the dark halo, expet v

2

/ r

2

�(r)

3



Galaxy Rotation urves, ira 2000

UGC 128, de Blok & MGaugh

Moore et al. 1999
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Suggested modi�ations to CDM

� Feedbak by supernovae, star formation, or winds

� Self-Interating Dark Matter

but: unnatural partile physis; makes halos that are too round; may

lead to ore ollapse

� Primordial spetrum with less power at small sales

but: small sale power will be regenerated in nonlinear ollapse

� Warm Dark Matter

but: may leave the Ly-� forest with too little power

Whih modi�ation of CDM works?

Is a modi�ation of CDM needed?
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Strong Gravitational Lensing !
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Q 2237+0305 (G. Lewis and M. Irwin, WHT)

B1938+666 (L.J. King, NICMOS, HST)
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Optial depth for lensing

d� = (density of galaxies) � (lensing ross-setion) � dt
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Strong Lensing as a Probe of Cosmology

� Many papers sine the late 1980s; the idea is

N
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/ Volume =

r

2

(z)

H(z)

� Kohanek (1996) 


�

< 0:66 at 95% CL.

� But other parameter hoies may favor high 


�

(Cheng & Krauss 1999, Chiba & Yoshii 1999)

� also Kohanek 1994, 1995, Im et al. (1997), Waga & Mieli 1999, Cooray,

Quashnok & Miller 1999, Sarbu, Rusin & Ma 2001, Chae et al. 2002
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but muh better...

Strong Lensing as a Probe of Lens Properties !

(Krauss, 1990s)
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Jodrell-Very Large Array Astrometri Survey /

Cosmi Lens All-Sky Survey

(JVAS/CLASS)

Very Large Array (VLA)

Multi-Element Radio-Linked

Interferometer Network (MERLIN)

Very Long Baseline Array (VLBA)
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|b| > 10 degrees

of suspected lens systems

Compare components’ spectral indices,

if available)

Confirmed

VLA  snapshot survey

α| |

Similar

Not similar

Flux density > 30mJy at 5 GHz

< 0.5 between 1.4 GHz and 5 GHz

at 8.4 GHz (A−array)

VLBA observations

GB6 and NVSS catalogues

Reject Very different

surface brightnesses (and polarisations

Compare surface brightnesses

5 GHz MERLIN follow−up

may be possible

Single unresolved points

Similar

More than one component

Confirmation as a lens system

Not similar

Passes all tests
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MERLIN 

400 mas
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JVAS/CLASS: some peuliar results

� All images are doubles or quads (odd image number theorem?)

� Surprisingly many spiral galaxy lenses

� No dark lenses

� No image separations larger than 3 arse )

Li & Ostriker 2001: there are two populations of objets
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Elliptial galaxies in JVAS/CLASS

Survey Lens z

l

z

s

� Referene

JVAS/MG J0414+054 0.96 2.64 2.09 Hewitt et al. 1992

CLASS B0128+437 | | 0.54 Phillips et al. 2000

CLASS B0712+472 0.41 1.34 1.27 Jakson et al. 1998

CLASS B0739+366 | | 0.54 Marlow et al. 2001

JVAS B1030+074 0.60 1.54 1.56 Xanthopoulos et al. 1998

CLASS B1152+199 0.44 1.02 1.56 Myers et al. 1999

JVAS B1422+231 0.34 3.62 1.28 Patnaik et al. 1992b

CLASS B1555+375 | | 0.43 Marlow et al. 1999

CLASS B1933+503 0.76 | 1.17 Sykes et al. 1998

JVAS B1938+666 0.88 | 0.93 King et al. 1997

CLASS B2045+265 0.87 1.28 1.86 Fassnaht et al. 1999

CLASS B2319+051 0.62 | 1.36 Rusin et al. 2001a
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Results { SIS Pro�le
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138 km=s � �

�

� 206 km=s (95% CL)

less than the widely used 225 km=s!
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Constraining the Pro�le of Elliptial Galaxies

Generalized Navarro-Frenk-White pro�le:
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N-body simulations: � = 1 (NFW 1997), � = 1:5 (Moore et al. 1999)

Halo mass:

M �M

200

= 200

�

4�

3

r

3

200

(z)�



(z)

�

Halo onentration:

(z) �

r

200

(z)

r

s

(z)

Given �, (z) and for a given mass M :
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s
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2. Numerially solve the lens equation to get splittings, lensing ross-setion

3. Numerially solve to get magni�ation bias
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Conentrating on the onentration...

(z) =
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Dependenes on �
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Parameter set

Parameter we want: �

Parameters to marginalize over:
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Results { GNFW Pro�le
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1:58 � � � 1:98 (95% CL)

! NFW pro�le (� = 1) strongly ruled out
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GNFW Results

Let 

0

be a ompletely free parameter, then
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Shallow NFW pro�les are expeted to beome steeper galaxy pro�les be-

ause:

1. Baryoni infall will make the pro�le steeper, roughly SIS

2. Massive blak holes in enters of galaxies would steepen the pro�le

3. No deteted odd images ) � ' 2 (Rusin & Ma 2001)

or maybe not:

1. Diret lens modelling gives � anywhere between 1 and 2

2. Merging BHs would have the opposite e�et (Meritt & Milosavljevi�)
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Redshift evolution

The main aveat: redshift evolution of the

1. Number density of galaxies, and/or

2. Lens pro�le

So, we have measured the \redshift-averaged �

�

" (and �)
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Redshift evolution

Assume e.g.

�
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Keeton (2001): why not normalize lensing statistis

to the number ounts of galaxies at some z?
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Conlusions

� CDM may have some problems on small sales / entral galaxy pro�les

� Strong (and weak) lensing are ideal tools to test/onstrain CDM

� Strong lensing best used to probe lens (galaxy, halo) parameters, and not

osmology

� In fat, osmologial onstraints due to strong lensing annot be trusted

� No lenses at � > 3

00

=) two populations of galaxies:

SIS \galaxies" and NFW \lusters"

� Our analysis: �

�

� 180 km=s, � � 1:6-2:0 for elliptials

� More lenses needed!
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