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Outline

 Brief introduction to gravitational lensing
— More in-depth discussion on Thursday

* Description of MUSE (and other IFUS)

» Science with Lensing+MUSE




What Is Gravitational Lensing?

* Generally, a deflection of light due to gravity
- Similar to geometric lensing (with glass)
- However, light Is not focused...merely redirected
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Strong Lensing

* Occurs when the foreground and background galaxies are close
to each other in the unlensed (“source”) plane
- Multiple images of the background appear

g (. /
N # ensed
Quasar

.
NASA, ESA, K. Sharon (Tel Aviv University) and E. Ofek (Caltech)
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-glass lensing
Einstein Ring




Cluster Lenses

Galaxy clusters can also act as gravitational lenses
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Galaxy Cluster Abell 2218
MASA, A. Fruchter and the ERO Team {EI-TE-:I. ET-EEF: = STScl-PRCO0-08

Increased total mass (10 M_, vs 10** M_ ) makes them more efficient deflectors







Spectroscopy

e Spectroscopic data Is valuable, but can be hard to obtain

Example: the “classic” way

i v
Galaxy Cluster Abell 2218
NASA, A. Fruchter and the ERO Team (STSci, ST-ECF) » STScl-PRC00-08
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multi unit spectroscopic explorer
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tegory: integral field spectrograph
2

Size: 1x1 arcmin

Spatial sampling: 0.2”

Image Quality: <0.2”

Coverage: 4650-9300 A

Resolution: 1500-3500

Throughput:  35% end-to-end







Sombrero Galaxy ®
(M104)

Courtesy Eric Emsellem
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18 Previously-Known
Spectroscopic Redshifts

189 sources identified in
MUSE data cube

7 nearby galaxies
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IFUs are also able to detect “blind” emission lines from continuum-free sources




Combining Lensing + MUSE

Lenses, IFUs both open windows into high-resolution science
Many studies take advantage of both

« Some examples include:
— Cluster mass modeling
- Resolved spectral properties of galaxies
- Epoch of Reionization (Ly-a emitters)
- Cosmology

And now, a whirlwind tour...






Mass modelln o

Lensed galaxies act
as constraints for
mass models

!
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_-Richard et al. 2010

* | Lagattuta et al. 2017




Mass modelln o

Lensed galaxies act
as constraints for
mass models

22 multiply-imaged
systems discovered
in A370 (so far)

17 with MUSE redshifts




Mass modelln ;

Lensed galaxies act
as constraints for
mass models

22 multiply-imaged
systems discovered
in A370 (so far)

17 with MUSE redshifts




Mass modelln C
Abell370' s T

Lensed galaxies act
as constraints for
mass models

22 multiply-imaged
systems discovered
in A370 (so far)

17 with MUSE redshifts

Best-fit model favors
a new “crown” mass
clump separate from
BCGs




Mass Modeling

e Also used In other clusters

Abell 2744 MACS 0416

Jauzac et al. 2015 :
Mahler et al. 2018 Caminha et al. 2017



of Galaxies



Properties

* Some galaxies exhibit “extreme”
magnifications

- Typically when galaxy falls close to a
lensing critical curve

* This opens a high resolution window
to study stellar/gas properties

- ldeal case for IFU spectroscopy

A370 “Dragon” Lens



MACS51149 MACS0416

MAC51148
MACS1206 MACS12046
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Ly-a Arcs
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Mabhler et al. 2018

Lagattuta et al. (2018)

* Not just “naked eye” arcs...Ly-a can also be found in “blind” mode






onization



» ° ° ;
L50c 1404 1401
O e Onie G
® O 1379-7b
.
2 1045
O
50a :

588-50h

@

LogiL) [erg.s']

400

Abeli 16803 <z = 7
Kashlkawa 2011 z = 6.
Kashiwawa 20112 =5,
Shioya 20002 =49
Dawson 20072 = 4.5
Blanc 201128 <z = 38

5

-
4

0.5 1.0 416 420
LogiL) [ergs ')



UDF10 + MOSAIC (global LF)

HUDF/ERS z~8 dropouts
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BoRG z~8 dropouts

& Rauch et al., 2008 (2
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Model+Prediction (Jauzac et al. 2016)

» First detection of multiply-imaged (well
separated) Supernova

Data (Kelly et al. 2015)

« Counterimage of galaxy provided test
case for lens models

— Also constrains value of H,
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Conclusions

» Gravitational lensing offers a unique look into the
faint and distant universe

* |FUs (like MUSE) are a natural complement

 Research involving both Is active and ongoing
- And there Is still room to expand
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