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Lensed Quasars

Oguri and Marshall (2010)
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Quasar Microlensin




Q2237+0305 (10 years)
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Microlensing Pattern Analysis

1 pix (0.005 Eg) FWHM
10 pix (0.05 Eg) FWHM
20 pix (0.10 Ep)} FWHM

Acolor

TIME [Arbitrary Units]

® Different source sizes show
different light curves

® Difference between two
shows color curve
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Am (mag)

Example: Multi-band Single High
Magnification Event (Eigenbrod+2008)
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- Strong mass model in each image

* K, surface mass density 2
amount of mass

* v, shear = “gravitational pull”

- Further follow-up
* s, massin DM

e K*(1-s)>amount of stars

Number of microlenses
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Velocities and Time-Scales

Vo = Yemp — (Vemp(RA, DEC) - 2)2 . 2
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baseline2018a: MedianNightSeparation season, night

High level differences (MAF analysis)

mothra_2045: MedianNightSeparation season, night
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The LSST Quasar Microlensing Simulator
RECIPE

Light Curves k

Pattern and
Convolution

Neira, Anguita & Vernardos 2018 (in prep)
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The LSST Quasar Microlensing Simulator

v=0.9 ¢,=0.1[Id] @ 1026.84

Lk

A [mag]
A [mag]

0 L L . L . L . L L L
0 100 200 300 400 500 600 700 0 500 1000 1500 1000 1500 2000 2500 3000 3500 4000

pixel pixel JD - 2459000.0

y #lsst2018

LSST Project and Community Workshop 2018 e Tucson ¢ August 13 - 17

11



. 4

N ""Nr

:v &D./D, =1.6x

W o Wt \J
“s

K =0.494
v =0.562
s=0.6

\

[amount of mass] *

RXJ1131-1231

v=1.33 0,=1.0[ld] @ 1026.84

A [mag]

A [mag]

0 500 1000 1500

““ 771000 1500 2000 2500 3000 3500 4000
pixel

JD - 2459000.0

(1-s [% of mass in DM)]) = 0.2x « N

micro

12



o [It @ 102.6 nm]

RXJ 1131-1231

TT31_A Am=1.0
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Q2237+0305

Westphal et al. (1995)
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Q2237+0305

Q2237_A Am=1.0
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Q2237+0305 in a DDF

Q2237_B Am=1.0

6 ! I [
[ N,@ 0.1 /0.3 /1.0 /30[1t] baseling mmm—
®. 0.9259 /9 297 '/ 0.3481 / 0.1524 MOLArG =eemeeeenees
|| @ g 0.836 /S 0.5312 2802 / (
®i 06733 /0.3973 / 0.1761 / 0.0373
| @2z 0.6197 / 0.3593 / 0.1450 / 0.0255
Ll ®y 05683 /03237 / 0.1194 / 0.0161
B
<
© L
N
O -
@
b 2_
O 1 | 1 L
40 60 80

Events detected [%]

100

mothrg ««seeeeeeae

= 1 Tday=307

2 247

,«': 3 TC (_,’v:;g/l

= 3 Tday=27/8

= 3 Tday=300
||||||| |||||

y #Isst2018

LSST Project and Community Workshop 2018 e Tucson ¢ August 13 - 17

16



LSST: How many microlensing “usable” lensed

quasars?
- All will have microlensing—> 108 grr— 7T 7T 7T
maximize number of (bright = 107
systems) ,;L.__‘ : nonlens
* Good seeing g images maximize E;ﬂ 10°
discovery (Collet 2015) = 105
* Increase WFD area? = N
* Minimize galactic center (in uand g 10
g)? = 103
- Oguri and Marshall 2010 2 102 |
* 8000 lensed quasars (15% quads) prA

e 3000 with measured time delays 10!

- Less uniform cadence - same
number of systems, perhaps smaller
fraction of time delays measured?
(not entirely clear still)
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Summary

LSST will be able to produce light curves with significant
microlensing signal for thousands of quasars

Scarcity of systems, long timescales = Ideal survey

A rolling cadence

e Less uniform + short seasons = Loss of some “chromatic”
events, loss of bluer bands cadence

* would reduce the microlensing signal

But also, time delay measurements are necessary for (most)
microlensing studies.
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Large Synoptic Survey Telescope

Thanks!

19



Magnification and Size

2X

Magnification
Final Flux = 2xF/4 + 3F/4 = 1.2xF
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Long Light Curves (Kochanek 2004)

Example

Gaussian
non-parametric
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Event (Anguita+2008)

Source Size in (M/0.1M)*® cm (o)

Example: Two band Single High Magnification
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CASTLES
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o [It @ 102.6 nm]

HEO250_A Am=1.0

HE 0230-2130

6 T | | T T T
| N,@ 0.1 /03/1.0/ 30/t baseline  mm—
eu 0.1390 / 0.0950 / 0.0343 / 0.0004 mMothra ==eeeeeeeees
|| @g 0.1230 / 0.0782 / 0.0174 / 0. J
®i 0.1039 / 0.0471 / 0.0013 / 0.0000 i
®: 0.0962 / 0.0362 / 0.0004 / 0.0000
.|l ®y 00861 /00282 /0.0002 / 0.0000 B
b
.............. b
O 1 L T'- 1 1
40 60 80 100

Events detected [%]

T T | T T T
MOthrQ =«eeeeseaees 7
o 4 Tday= )E .
= 36 Tdoy= 24 |4
v Tdf_‘]‘y’: 5? __
v 1 Tday=113
v 1 Tdoy:199 -

[ 111 [ 111 I

" -

6.3x10%

y #Isst2018

LSST Project and Community Workshop 2018 e Tucson ¢ August 13 - 17

24



