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Flux- ratio anomalies

> Positions can be well
fit to the model.

> Flux—ratios fits are

oor.
B1422+231 Chiba et al. ‘og P

Cusp-caustic relation
(Mao & Schneider = 98

S RACNN  Metcalf & Madau ‘01,
|A|+|B|+|C]| Chiba " 02, Dalal &

Kochanek’ 02)
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Flux- ratio anomalies

» Sub halos
but predicted subhalos too low for anomalies

(Maccio & Mirranda 2006, Amara et al. 2006;
Xu et al. 2009, 2010; Chen 2009; Chen et al. 2011)

> Luminous satellites may contribute significantly
(McKean et al. 2007, Shin & Evans 2008;
MaclLeod et al. 2009)

> Line-of-sight halos?

(Chen et al. 2003, Metcalf 2005, Xu et al. 2011)
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Flux- ratio anomalies

> Sub halos
but predicted subhalos too low for anomalies

(Maccio & Mirranda 2006, Amara et al. 2006;
Xu et al. 2009, 2010; Chen 2009; Chen et al. 2011)

> Luminous satellites may contribute significantly

(McKean et al. 2007, Shin & Evans 2008;

MaclLeod et al. 2009)

>| Line-of-sight halos?

(Chen et al. 2003, Metcalf 2005, Xu et al. 2011)
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Sub halos




le lenses




lation fully incorporating
5 solar mass halos

nto account

» New sta ar than ‘classic’ cusp-caustic

relations

» Only MIR lenses. Source sizes =O[1 pc]




perturbation

(SIE) + external shear model T

14+0534
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Magnification perturbation
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CASTLES




K: background convergence vy: background shear
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Astrometric shifts

Given by accuracy in position of centroid €

Minimum wavenumber given by €

k.=0|100h/ Mpc]




Non-linear power sp
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N-body Simulation

Two 51243 one 1024”3 colissionless particles
simulations :baryons are not included.

Box-size=1oMpc/h code: L-Gadget (Springel et al.)
Plus simulations with box-size=320,800,2000Mpc/h

HITACHI SR16000 512CPUs, CPU time >3 months

Concordant LCDM (WMAP7yr+H_o+BAO)




lon-linear power spectrum

Halo —fit by our work |




lon-linear power spectrum

Halo —fit by our work |
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MIR QSO-galaxy quads

> 6 samples:g5 continuum 1 line [OlII]

> SIE-ES model possibly with SIS for a luminous
satellite (gravlens by Keeton)

> Astrometric shifts given by position errors
(CASTLES) in lensed images and lens & size of
critical curves -> minimum wavelength.







Result |

kmar = 320h /Mpc
1000h /Mpc

= 10000h /Mpc




D Summary
-

» Clustering line-of-sight halos with M=10"3-7 solar
mass can explain the observed anomalous flux ratios
without any substructures inside a lensing galaxy.

N

» The estimated amplitudes of convergence
perturbation increase with the source redshift as
predicted by theoretical models.

» Unique probe into mini-halos M<1076 solar mass




Ray tracing simulation

L=10Mpc/h, Np=51223, 102473 D=1 L—S3 VIRV I R ZEWUND
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B1422+231

Foria=2-4kpc/h

A6<0.0042"

k<041, y<0.17 7
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Fitting function of non-linear matter power spectrum

our model
<10% agreement

our model
— halo fit
linear P(k)

10 10° §o1
k(h/Mpc)



Fitting function of non-linear matter power spectrum
our model
<10% agreement

Cosmic shear, convergence power spectrum & correlation function

I(1+1)Cl/2T

—
O (arcmin)




Fitting function of non-linear matter power spectrum

our model
<10% agreement

RT, Sato, Nishimichi, Taruya, Oguri, 2012

arXiv:1208.2701

Non-linear P(k) DEtE ZEUJ= CAMB code Z2U EIFEXT

| N |
10? 10° 10"
O (arcmin)




BaSA. BISE. SHSA. . .







D Future work

> Consistency check using light-ray tracing simulations
(N(>2)-point correlation effects, etc.)

> Minimum change in astrometric shift for lensed
image & lens.

> Check of SIE+ES, luminous group/satellite galaxies

> Extention to radio lenses incorporating finite source-
size effects
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Suppression Mechanism

Baryon physics (reionization, tidal disruption
due to disk, SNe feedback)

New physics (warm dark matter, self-interacting
DMs, super WIMPs, non-trivial inflaton dynamics )

Need to probe clustering property of halos

with M<10”g solar mass




Simulation by Sawara et al .2012







ytellite Problem

M<10”g solar mass

Milky Way
Satellites <100

Madau et al’ 08




Parity of lensec

critical curve
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(Ak> 0)
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image separated by ©




Astrometric shifts

Minimum wavenumber given by
the size of Einstein radius

k,

— O[100—1000/4/ Mpc]

ens







tric shifts

Super

cluster
cluster

galaxy satellite




Constrained convergence power

» Accuracy in position of lensed images & lens

»Size of Einstein ring klelflS

k . =Min[k,,k

ens ]

min




Constrained r.m.s. convergence




le lenses

> Source s ated from dust

reverberation method ~ 1~3pc >>Einstein
radius of stars
(by Chiba et al 2005 & Minezaki et al. 2009)
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