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Suppression Mechanism
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Elux- ratio anomalies
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Elux- ratio anomalies
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Our work

mass halos

‘classic’ cusp-caustic

> Only MIR lenses. Source sizes =O[1 pc]
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Parity of lensed images




Arrival time surface







New statistic n

.M’i‘nima B:saddle, xs<1
0 =4

PP(AB.C) = £[(8% — 5%)* +




New statistic n

%) = 1|(a+T5)o2(0) ~ 2Tantu(6an)

+ (J+ Jo)on(0) — ZJHc?&i(ﬁBE)]?

where

Ji = i (400 — i) + 297),

Jiz = g (A0 — s ) — K;5) + 2995 ),

K: background convergence vy: background shear
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Astrometric shifts

source primary lens observer
plane plane




Astrometric shifts

correlation in shift of image separated by 6

&s0(0) = (06(0)06(0))

Given by power spectrum P(k)

2(560%(0)) — 2(660(0)60(0aR)) < €,

Given by accuracy in position of centroid €



Astrometric shifts
Kiens = 2/ Liens Where Liens ~ 4r(2L)0E

2length given by
nstein radius

' k;,..=0[100-1000 ]/Mpc



Astrometric shifts

<
-
=

A= 1.5 arcsec

=
I

A= 1.0 arcsec

H=0.5 arcsec

]
L
o
o
—
5!
[y
-
[rm—
—
=
——
=
L |
—,
.
T
e
8
et
)
N
—_—

_
=
>

100




Astrometric shifts
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LA

gonstrained convergence power

NS = maximum

shear)

argest scale of modes
affect the flux-ratios
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New statistic n
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@onstrained convergence power
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Non=linear power sp



Non:-linear power spectrum
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Non:-linear power spectrum
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Figure 2:

tached on Subaru telescope. From left to right, PG11154080, B14224-231, 22374030, and
MGO41440534. 'The insets are their HS1 images for comparison (taken from CASTLES,
http:/ /efa-www. harvard.edu/glensdata /).

» Source size estimated from dust reverberation
method ~ 1~3pc >>Einstein radius of stars
(by Chiba et al 2005 & Minezaki et al. 2009)



MIR'quadruple lenses

Table 1. Observed MIR Flux Ratios

Lens zr, zZg N Flux Ratio (e} (") (8)(") Reference
RXJ1131-1231(%) A/B C/

0205 0658 3 1639008 110400 0.017 1.9 1,2
Q223740305 B/A C/A D/A

0.04 1.605 4 0.84+005 046002 0872005 0.0046 0.9 1,3
PC11154080 A2/Al

0.31 1.72 2 0.93 £+ 0.06 0.020 1.2 1,4
H14134117 B/A C/A DA

1. B8 #w) 2.0 4 0.84£007 072007 040006 0.020 0.6 i)

MGO41440534 A2/A1 B/Al

AL 2639 3 090004 0.36£002 0.0042 1.2 1, o
1314224231 A/B C/B

.34 3.62 o 0.94 £+ 0.05 0.57 £ 0.06 00042 1.1 1, 4

References:1. CASTLES; 2. Sugai et al. 2007; 3. Minezaki et al. 2009; 4. Chiba et al. 2005; 5. MacLeod

et al. 2000

Note: (#): |OII] line Aux ratios. (#+): The lens redshift z;, is obtained from a best-fit model using the
observed 'pU-HJI.lIIUIL':i of the '|I|u||.';1:5 and the pr'llui-.l.rj.' lens, the Aux ratios. and the Ti:[l]l."-dl.'].-ll.}'zi- between the

images assuming Hg = TOkm /s /Mpe.




MIR'quadruple lenses

Table 1. Observed MIR Flux Ratios

Lens zr, zZg N Flux Ratio (e} (") (8)(") Reference
RXJ1131-1231(%) A/B C/

0205 0658 3 1639008 110400 0.017 1.9 1,2
Q223740305 B/A C/A D/A

0.04 1.605 4 0.84+005 046002 0872005 0.0046 0.9 1,3
PC11154080 A2/Al

A 0.31 1.72 2 0.93 £+ 0.06 0.020 1.2 1,4
||1;xi:5+ﬁ7 B/A @A D/A
L~ 1. B8 #w) 2.0 4 0.84£007 0722007 0402006 0.020 0.6 i)

ME0414-40534 DIX B/A1
0,06 2630 3 0.904£004 0364002 0.0042 1.2 1, 3

B1 1 B C/B
] 3.62 3 00T = 0,05 057 4+ 0.06 LS e 1.1 1, 4

References:1. CASTLES; 2. Sugai et al. 2007; 3. Minezaki et al. 2009; 4. Chiba et al. 2005; 5. MacLeod
et al. 2009

Note: (#): |OII] line Aux ratios. (#+): The lens redshift z;, is obtained from a best-fit model using the
observed 'pU-HJI.lIIUIL':i of the images and the pr'llui-.l.rj.' lens, the flux ratios, and the time-delays between the
images assuming Hg = TOkm /s /Mpe.
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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.

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

» Unique probe into mini-halos M<10”6 solar mass
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