Cristiana Spingola _

PhD @ Kapteyn Astronomical _:mﬁ_Eﬁm
University of Groningen (NL) ,




Can VLBI answer these questions?
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What is gravitational lensing?

[Gravitational lens BO2 | 8+357, Credits: NASA]

Matter (baryonic + dark)
curves spacetime.
As aresult,the path ofa
lisht ray is deflected.

The source is lensed in
multiple images.

Variability in the lensed

images at different times

because of the different
path length.

Gravitational lensing time

delays are probes of dark
energy [Refsdal [964]

At o< 1/ H,
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Probing cosmology: Dark Energy
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Gravitational lensing time delays are probes of dark energy [HOIICOW collaboration; Suyu+2017,Bonvin+ 2017]
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Probing cosmology: Dark Energy

Are there systematics or is there a physical reason?

We need VLBI imaging at high angular resolution for detailed lens models

Hp:80.0"53 RXJ1131 69.8+ 0.9
o.| Ho:68.37%9 B1608
=2 5 7 HEO0435
5 | Ho: 73,175 1 TosL ——
| Hy:71 ©+m.»
N 0- -7-3.0
fn s
..m Planck
Q ¢ WMAP+BAO+HO
nmu. ® Strong Lenses
Cepheids
\_I_I ® Cepheids+SNe ¢

60 70 80 90 68 70 72 74 76
Hy [kms ! Mpc ] Hy [kms ! Mpc ']
Gravitational lensing time delays are probes of dark energy [HOIICOW collaboration; Suyu+2017, Bonvin+ 2017]
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Probing cosmology: Dark Matter
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[Credits: S. Vegetti on behalf of SHARP collaboration]

[Credits: Durham University ]
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Probing cosmology: Dark Matter
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[Credits: S. Vegetti on behalf of SHARP collaboration]
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Probing cosmology: Dark Matter
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[Credits: S. Vegetti on behalf of SHARP collaboration] [Courtesy of G. Despali]

| 0¢ Msun corresponds to 3 mas Einstein Radius = it’s possible to image this only with VLBI observations
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Probing cosmology: Dark Matter
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[Credits: S. Vegetti on behalf of SHARP collaboration]
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Source reconstruction

Probing cosmology: Dark Matter o R
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More lenses in the radio with extended structure (fainter sources)
+ high image fidelity
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Probing cosmology: Dark Matter

B1555+375
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[Koopmans+ 2003]
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Flux ratio anomaly [Dalal & Kochanek 2002]
A and B should have same flux density Using 7 radio loud lenses with flux ratio anomaly

Mao & Schneider |998] ~2% of the projected mass at the Einstein Radius is in substructure
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Probing cosmology: Dark Matter

B1555+375
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[Koopmans+ 2003]

Flux ratio anomaly
A and B should have same flux density
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[Dalal & Kochanek 2002]
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Using 7 radio loud lenses with flux ratio anomaly
~2% of the projected mass at the Einstein Radius is in substructure
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[Adapted from Hsueh+ 2016]

Gravitational Lensing with the next generation of VLBI arrays

Cristiana Spingola

EWASS 2018 - SS 1



Probing cosmology: Dark Matter

B1555+375
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VLBI observations allows to resolve lensed images
- quantify mass of perturbation
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[Koopmans+ 2003] [Dalal & Kochanek 2002] [Adapted from Hsueh 2016]
Flux ratio anomaly Using 7 radio loud lenses with flux ratio anomaly

A and B should havesame flux density ~ ~2% of the projected mass at the Einstein Radius is in substructure
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Future

What is Dark Energy? What is Dark Matter?
Constraining the parameter space of the equation of state Constraining the parameter space of DM particle
- More lenses with variability - More lenses with extended structure
- Lensing systems also optically bright - More quadruply imaged lenses

What do we need!?

Improved sensitivity

Wide-field VLBI surveys
Flexibility in observing frequency
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Future
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Lens search mJIVE-20

Example:mJIVE=20 survey (m)yimagng VLBl exploration at 20 cm)

[Deller & Middleberg 2014, butalso Radcliffeet al. 201 6]

Area = 200 deg’ / Resolution = 5 mas

[Spingola et al. in prep]

~ 17000 sources FIRST = ~4000 at VLBI scales = 14 lens candidates (2 known lenses + | new)
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VLBI surveys can be efficient at finding lenses

Example:mJIVE=20 survey (m)yimagng VLBl exploration at 20 cm) [Spingola et al.in prep]
[Deller & Middleberg 20 1 4, butalso Radcliffeet al. 201 6]

Area = 200 deg’ /Resolution = 5 mas

~ 17000 sources FIRST = ~4000 at VLBI scales = 14 lens candidates (2 known lenses + | new)
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Future

SKAI-MID can find >10° lenses with image separation > 300 mas

[Koopmans et al. 2004, McKeanet al. 2015]

Source = AGN

MI

m __mo __A3 wmm_m__sm.

. B »

Source = extended galaxy

A M

[Simulation of a snapshot observation with SKAT-MID, McKeanet al. 2015]
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Future

SKA1-MID can find >10° lenses with image separation > 300 mas

[Koopmans et al. 2004, McKeanet al. 2015]

J0011-0845 J0028+0631 J0030-1525 J0123-0455 J0140-1152 J0146-1133 J0235-2433 J0259-2338
o :
We need . : % & - % L
multi-wavelength observations
J0417+3325 J0630-1201 J0840+3550 J0941+0518 J0949+4208 J1508+3844 J1602+4526 J1606-2333
recognize true mﬁm/\._ﬁ.mﬁ_gm_ lenses £ 4 - . - .o »
false positives ™ ,

detalled lens models

. J1640+1045 J1709+3828 J1710+4332 J1721+8842 J1831+5447 J2124+1632 J2305+3714 J2332-1852
lens and source redshift

] L] a -
o 13 .ﬂ.b. ® _-_ # -

Matched sky areas with LSST, Euclid ...

[new 24 lensed quasars found in Pan-STARSS (RGB) + GAIA (red crosses), Lemon et al. 201 8]
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Future

SKAI-MID can find >10° lenses with image separation > 300 mas

[Koopmans et al. 2004, McKeanet al. 2015]

J0011-0845 J0028+0631 J0030-1525 J0123-0455 J0140-1152 J0146-1133 J0235-2433 J0259-2338
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m m o H_ .F o " . » " ﬂ
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detalled lens models

. J1640+1045 J1709+3828 J1710+4332 J1721+8842 J1831+5447 J2124+1632 J2305+3714 J2332-1852
lens and source redshift

o k , © . " .

L]

Matched sky areas with LSST, Euclid ...

[new 24 lensed quasars found in Pan-STARSS (RGB) + GAIA (red crosses), Lemon et al. 201 8]

VLBI capability of SKA is fundamental
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What we need

TCH: re Improved sensitivity (larger bandwidths + uv-coverage + larger recording rates)

Wide-field surveys + matched sky areas with optical surveys
Flexibility in observing frequency
VLBI mode for SKA
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~10° gravitational lensing

systems

Gravitational Lensing with the next generation of VLBI arrays Cristiana Spingola EWASS 2018 - SS1 |



at we needc

TCH: re Improved sensitivity (larger bandwidths + uv-coverage + larger recording rates)

Wide-field surveys + matched sky areas with optical surveys
Flexibility in observing frequency
VLBI mode for SKA

0’;{ gy v

~10° gravitational lensing Lensing systems with
systems variability and arcs
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Future

Credits: McKean

~10° gravitational lensing
systems

Improved sensitivity (larger bandwidths + uv-coverage + larger recording rates)
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Wide-field surveys + matched sky

areas with optical surveys

Flexibility in observing frequency

VLBI mode fo

Credits: Bolton
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Lensing systems with
variability and arcs

r SKA

DISH OF THE DAY

Satellite dishes across Africa are being converted
into radio telescopes for very long baseline
interferometry (VLBI) astronomy.

GHANA
A

A Telecom dishes
for conversion
oreon ZAMBIA MADAGASCAR
A New telescopes e
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VLB! facility HOZAVBIOUE

Square Kilometre
Array core site

A
MAURITIUS

SOUTH AFRICA

Sensitivity & Synergy with
Euclid and LSST
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Future

NV

SKA-MID low frequency antennas

Improved sensitivity
Wide-field survey mode
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DISH OF THEDAY

Satellite dishes across Africa are E:W&nﬁ;ma
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Africa VLBI Network

Offset in arcmin from 24:17:53

40

30

20

10

-10

-30

—40

L s == ]
\\‘ ‘/\»\ . // .
o T @ / yc© \
L 7 I\ e e 100 mjy;
] \. \ R
| '@ . [ _Ooo (13 I, |
\ o) |
/\\.ﬂ La 7 T~ e
L . . \/ u
PO _ATNe 7y | 10my
| é o ! ) \ i
., e L
Vg Y /I e° I
L L, ¢ \ Py ° ..\ ° i
C/ . /Y\ ° it L mly
N e e . s
| ~—— ~_* = ]
—-40 -20 0 20 40

Offset in arcmin from 11:50:19

Example of Wide-Field pointings

[Deller & Middleberg 20 4]
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