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Motivation

Strong gravitational lenses

 Measure mass of
lensing galaxy.

* Magnify the source
galaxy (e.g. HI).

» Cosmography:
time-delay of
transients in the
source galaxy.
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Gravitational lensing

o Observer

e Source galaxy is magnified.
* Ring of multiple images of the source galaxy.

» Different length light paths to the observer.
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Gravitational Lenses

How to identify these in wide/deep surveys?

* Three main way to
identify:

* Blended spectrum
e Citizen Science

* Machine Learning
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Blended Spectra

70% success rate of identifying classical lenses

e 1< Lo-
possible strong
lens

Emission Lines (z2

e /1> 2o -
possible useful
occulter.

e AUTOZ cross- Passive

correlation S

ectrum (z
parameters do P (1)
this
automatically.

Holwerda+ (2015 & in prep)
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Citizen Science or crowd
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How did they do in GAMA?

GAMA Equatorial Fields

Spectroscopy
47

.. i Knabel et al. 2020
Citizen Science
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GAMA

Some are better resolved

Einstein radius function of redshift and mass

Of Estimates (Thin Lens)

° SpeCtrOSCOpy = GAMA Spectroscopy
benefits from small = 12- S Goiyoa G stence
Einstein radius. ’

10 -

 Machine Learning g -
prefers the lensed S
source well-away © 67
from the lens galaxy .

* GalaxyZoo 2 -
somewhere In ; — | 11 1
between. 0.0 0.5 1.0 1.5 2.0

Einstein Radius (arcsec)

Knabel et al. 2020
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Discovery Space

Redshift and lens galaxy stellar mass

* Deeper so
lenses at lower
mass and/or
higher redshift.

 Limit on source
(lensed) galaxy
because of
redshift desert.

* Space-based
spectroscopy
takes lens
detection z>0.8
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Follow-up?

Redshift, Stellar Mass, and Estimated ©f (Thin Lens)
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° Targ eted With HST O LinKS Machine Learning
Or JWST 0.5 - Q GalaxyZoo Citizen Science
o

i O Reference: 1 arcsec

o
IN

* Euclid deep field:
VIZ channel

e HST, JWST, Euclid ~ 0.1 arcsec

Redshift - z
o
w

@
®© WFIRST ~ 0.15 arcsec ° OoO&

o ROman Space “1 @ LSST ~ 0.2 arcsec ®
Telescope '

o
N

0.0 A

9.0 9.5 10.0 10.5 11.0 11.5 12.0
Stellar Mass - log(M«/M 4 )

Knabel et al. 2020

ATLAS21 - June 23 2021 - B.W. Holwerda



Expectations

Depth and fiber density increase lens numbers

Spectroscopic Strong Lens Searches
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ATLAS lenses

« GAMA 0.05% of
spectra are
blends.

e ~1 per sq degree

 ATLAS hundreds
of blends?

* At some point the
background
volume density of
sources peters
Out.
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LADUMA HI

Deep L- and UHF-band observations of CDF-S

e | ensed Source
Galaxy Hl.

* Puts a limit on low-
mass systems at
higher redshift.

* No need for a
“classical” lensing
galaxy (elliptical).

« SKA/ATLAS synergy.

HI spectra shifted to
optical redshift
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Cosmography

Watch Supernovae go off multiple times

* Supernova Refsdahl

 The more distant source
supernova, the longer
the time delay.

o Better statistics: better
Ho measurement.

See Treu+ (2016) for review

ATLAS21 - June 23 2021 - B.W. Holwerda



Spectroscopic Requirements

* High completeness > 98%

e Aperture wide enough to
encompass Einstein Radius.

 R~1000 to resolve emission/
absorption line redshift
discrepancy.

* NIR spectra can identify
lenses z>0.8
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Overlapping Galaxy Pairs

Overlapping Galaxies « 2MASX J00482185-2507365

e Use symmetry to
estimate missing light in
overlap region.

 Map dust in disk
galaxies.

* Can be found from
blended spectra
(Holwerda+
2007,2015,2021)

NASA, ESA, and The Hubble Heritage Team (STScl/AURA) » HST/ACS » STScl-PRC08-33
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Conclusions

 Number of strong lenses per sq degree will keep going up.

* 0.01% of a spectroscopic survey is still a substantial
sample.

* Going to NIR increases the numbers of lenses identified at
z>0.8

 Mass (and M/L) evolution of spheroidal galaxies.
* Probe fainter Hl

* Improve cosmography from supernovae.

L 4 @benneholwerda @ benne.holwerda@louisville.edu
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Confirmation of Machine Learning

Selection Based on o and R Values

10 1 -
! | :

* Weaker spectral 1 s
signal. .

e Aperture likely e & om " .
does not cover S -
full Einstein |
radius. BTSRRI

o R=1.2
] 4 Feeee Holvyerda+201.'? Selection'

* Enough signal to o LinkS Candidates In Knabel4 3070
confirm y e He+2020 Candidates
independently ML L , l _ o oo
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R = 05/V (03)2/2 + (04)%/2

Knabel et al. in prep.
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Einstein Radii predictions

 Depends on which
model.

2.2 A

 Redshift and stellar
mass dependent.
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Machine Learning Efficiency

Deep Imaging Strong Lens Searches
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Low-mass Lenses

* Emission line from

source flips - Ha F105W
contrast in medium I 0.8{ ® SourceGalaxies FO98M °
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