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•
W

hat is dark energy? (can w
e co

nstrain the equatio
n o

f state?)

•
W

hat is dark m
atter? 

(can w
e co

nstrain the dark m
atter particle?)

C
an V

LB
I answ

er these questions?
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W
hat is gravitational lensing?

M
atter (baryonic + dark) 

curves spacetim
e.

As a result, the path of a 
light ray is deflected.

The source is lensed in 
m

ultiple im
ages.

Variability in the lensed 
im

ages at different tim
es 

because of the different 
path length.

[G
ravitational lens B0218+357, Credits: N

ASA]

G
ravitational lensing tim

e 
delays are probes of dark 
energy     [Refsdal1964]
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dark	energy

dark	m
atter atom

ic	m
atter

[H
0liCO

W
 collaboration; Suyu+2017, Bonvin+ 2017]

69.8 ±
0.9

G
ravitational lensing tim

e delays are probes of dark energy

P
robing cosm

ology: D
ark Energy
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dark	energy

dark	m
atter atom

ic	m
atter

[H
0liCO

W
 collaboration; Suyu+2017, Bonvin+ 2017]

69.8 ±
0.9

G
ravitational lensing tim

e delays are probes of dark energy

P
robing cosm

ology: D
ark Energy

A
re there system

atics or is there a physical reason?
W

e need  V
LBI im

aging at high angular resolution for detailed lens m
odels



G
ravitational Lensing with the next generation of VLBI arrays

Cristiana Spingola
EW

ASS 2018 -SS11

P
robing cosm

ology: D
ark M

atter

"
C

D
M

[Credits: D
urham

 U
niversity]

W
D

M

[Credits: S. Vegettion behalf of SH
ARP collaboration]
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"
C

D
M

[Courtesy of G
. D

espali]

W
D

M

[Credits: S. Vegettion behalf of SH
ARP collaboration]

P
robing cosm

ology: D
ark M

atter

10
6M

sun
corresponds to 3 m

as Einstein Radius  à
it’s possible to im

age this only w
ith VLBI observations
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[Credits: S. Vegettion behalf of SH
ARP collaboration]

G
lobal V

LBI 1.7 G
H

z
350 m

Jy

[Spingola+ subm
itted, SH

ARP collaboration]

A
strom

etric
anom

alies observed in M
G

 J0751+2716

P
robing cosm

ology: D
ark M

atter
Source reconstruction
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[Credits: S. Vegettion behalf of SH
ARP collaboration]

G
lobal V

LBI 1.7 G
H

z
350 m

Jy

[Spingola+ subm
itted, SH

ARP collaboration]

A
strom

etric
anom

alies observed in M
G

 J0751+2716

P
robing cosm

ology: D
ark M

atter
Source reconstruction

M
ore lenses in the radio w

ith extended structure (fainter sources) 
+ high im

age fidelity
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dark	energy

dark	m
atter atom

ic	m
atter

A
B

C

[Koopm
ans+ 2003]

D

Flux ratio anom
aly

A
 and B should have sam

e flux density

M
ER

LIN
 5 G

H
z

B
1555+

375

P
robing cosm

ology: D
ark M

atter

[D
alal& Kochanek

2002]
U

sing 7 radio loud lenses w
ith flux ratio anom

aly
~2%

 of the projected m
ass at the Einstein R

adius is in substructure
[M

ao & Schneider1998]
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dark	energy

dark	m
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atter
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[D
alal& Kochanek

2002]
U

sing 7 radio loud lenses w
ith flux ratio anom

aly
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 of the projected m
ass at the Einstein R

adius is in substructure
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dark	energy

dark	m
atter atom

ic	m
atter

[Koopm
ans+ 2003]

A
B

C

D

Flux ratio anom
aly

A
 and B should have sam

e flux density

M
ER

LIN
 5 G

H
z

B
1555+

375

P
robing cosm

ology: D
ark M

atter

[D
alal& Kochanek

2002]
U

sing 7 radio loud lenses w
ith flux ratio anom

aly
~2%

 of the projected m
ass at the Einstein R

adius is in substructure

[Adapted from
 H

sueh+ 2016]

V
LBI observations allow

s to resolve lensed im
ages

à
quantify m

ass of perturbation 
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Future

W
hat is D

ark Energy?
C

onstraining the param
eter space of the equation of state

-
M

ore lenses w
ith variability

-
Lensing system

s also optically bright

W
hat is D

ark M
atter?

C
onstraining the param

eter space of D
M

 particle

-
M

ore lenses w
ith extended structure

-
M

ore quadruply
im

aged lenses

W
hat do w

e need?
Im

proved sensitivity
W

ide-field V
LBI surveys

Flexibility in observing frequency
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Exam
ple: m

JIVE-20 survey  (m
Jyim

aging VLBI exploration at 20 cm
)

[D
eller

& M
iddleberg2014, but also Radcliffe et al. 2016]

Area = 200 deg 2
/ Resolution = 5 m

as

~
17000 sources FIRST à

~
4000 at VLBI scales à

14 lens candidates (2 know
n lenses +

 1 new
)

Lens search m
JIV

E-20

[Spingola
et al. in prep]

Future
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Lens search m
JIV

E-20

[Spingola
et al. in prep]

V
LBI surveys can be efficient at finding lenses

Exam
ple: m

JIVE-20 survey  (m
Jyim

aging VLBI exploration at 20 cm
)

[D
eller

& M
iddleberg2014, but also Radcliffe et al. 2016]

Area = 200 deg 2
/ Resolution = 5 m

as

~
17000 sources FIRST à

~
4000 at VLBI scales à

14 lens candidates (2 know
n lenses +

 1 new
)

Future
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[Sim
ulation of a snapshot observation w

ith SKA1-M
ID

, M
cKean et al. 2015]

[Koopm
ans et al. 2004, M

cKean et al. 2015]

Source =  extended galaxy
Source =  AG

N

SK
A

1-M
ID

 can find >
10

5
lenses  w

ith im
age separation >

 300 m
as

180 km
 baseline

180 km
 baseline

Future
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[Koopm
ans et al. 2004, M

cKean et al. 2015]

SK
A

1-M
ID

 can find >
10

5
lenses  w

ith im
age separation >

 300 m
as

[new
 24 lensed quasars found in Pan-STARSS (RG

B) + G
AIA (red crosses), Lem

on et al. 2018]

W
e need 

m
ulti-w

avelength observations 

recognize true gravitational lenses
false positives

detailed lens m
odels

lens and source redshift

M
atched sky areas w

ith LSST, Euclid …

Future
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[Koopm
ans et al. 2004, M

cKean et al. 2015]

SK
A

1-M
ID

 can find >
10

5
lenses  w

ith im
age separation >

 300 m
as

[new
 24 lensed quasars found in Pan-STARSS (RG

B) + G
AIA (red crosses), Lem

on et al. 2018]

W
e need 

m
ulti-w

avelength observations 

recognize true gravitational lenses
false positives

detailed lens m
odels

lens and source redshift

M
atched sky areas w

ith LSST, Euclid …V
LBI capability of SK

A
 is fundam

ental

Future
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~10
5

gravitational lensing 
system

s

Future
W

hat w
e need

Im
pro

ved sensitivity (larger bandw
idths +

 uv-co
verage +

 larger reco
rding rates)

W
ide-field surveys +

 m
atched sky areas w

ith o
ptical surveys

Flexibility in o
bserving frequency

V
LB

I m
o

de fo
r SK

A
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~10
5

gravitational lensing 
system

s

Future

Lensing system
s w

ith 
variability and arcs W

hat w
e need

Im
pro

ved sensitivity (larger bandw
idths +

 uv-co
verage +

 larger reco
rding rates)

W
ide-field surveys +

 m
atched sky areas w

ith o
ptical surveys

Flexibility in o
bserving frequency

V
LB

I m
o

de fo
r SK

A
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Lensing system
s w

ith 
variability and arcs

~10
5

gravitational lensing 
system

s
Sensitivity &

 Synergy w
ith 

Euclid and LSST

Credits:	McKean

Credits:	Spingola

Credits:	Bolton

Future
W

hat w
e need

Im
pro

ved sensitivity (larger bandw
idths +

 uv-co
verage +

 larger reco
rding rates)

W
ide-field surveys +

 m
atched sky areas w

ith o
ptical surveys

Flexibility in o
bserving frequency

V
LB

I m
o

de fo
r SK

A
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Future
Im

proved sensitivity 
W

ide-field survey m
ode

SKA-M
ID

 low
 frequency antennas

Africa VLBI N
etw

ork

Exam
ple of W

ide-Field pointings
[D

eller
& M

iddleberg2014]


