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Strong lensing time delays

Lens Source

Longer Path
More Shapiro delay

Arrives laterΔt ∝ DΔt= (1+ zl) (Dl Ds ) / Dls

HE 1104-1805

Most sensitive to the Hubble constant.





Swiss Euler Telescope

H0licow

Suyu et	al	2017



Measuring time delays

Tewes+ 2012



Tewes+ 2012

Measuring time delays

Microlensing



Rathna Kumar+ 2013

Blind, independent team and  
different method get the same  
result

Accurate time delays  
at +/- 3 day precision

Cosmograil



●

●

Location of the images  
Gravitational potential

cΔt  =D ( ½(θ − β)2
Δt 1

− ½(θ − β)2
2

− ψ(θ ) + ψ(θ ) )
1 2

Modelling the lenses
Δt ∝ DΔt = (1+ zl ) (Dl Ds / Dls )

What's the constant of proportionality?



●

●

Location of the images  
Gravitational potential

How is the mass 
distributed in the lens?
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Lens	Modelling
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Then	sample	the	mass	+	source	model



Constraining the steepness of the potential

(Most probable) Model Data (F814W)

Unlensed
source

Suyu et	al	2013



Wong	et	al	2017



Collett &	Cunnington 2016

The Line-of-Sight



The Line-of-Sight



Sluse et	al	2017
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Wong	et	al	2017
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Wong	et	al	in	prep



Birrer et	al	in	prep



Beyond time-delays
Low	redshift	lenses

z = 0.035
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z = 0.035



Data	from	Collett et	al,	2018.	

EMBARGOED	until	2nd June	2018
Please	email	thomas.collett@port.ac.uk for	this	content



MGE	decomposition
(with	M/L	gradient)

+
Black	Hole

Shear
Jeans	Anisotropic	
Modelling	(JAM)

‘Free’	anisotropy	profile
Free	Inclination	



Lens	model	from	Collett et	al,	2018.	

EMBARGOED	until	2nd June	2018
Please	email	thomas.collett@port.ac.uk for	this	content



Kinematic	model	from	Collett et	al,	2018.	

EMBARGOED	until	2nd June	2018
Please	email	thomas.collett@port.ac.uk for	this	content



Collett et	al,	submitted



Collett et	al,	submitted

NB/	includes	uncertainty	due	to	measuring	
kinematics	->	this	measurement	is	close
to	the	systematic	floor	 :-(







Bonvin et	al	2017 Collett et	al,	submitted



Extra slides



Beyond time-delays

Double source plane strong lensing
A gravitational lens system with two background 
sources, each at a  different redshift.



New observable:
Ratio of  Einstein radii

No dependence on the  
Hubble constant!



Lens modelling



Lens modelling

=
S1  
S2( )M



ModellingJ0946



ModellingJ0946 σ=97±7 km/s

Powerlaw slope,
0.95  1 1.05

1.36

0.1 0.2

1.402

1.394 1.4

1.392

0.2

-1
0.1

1.44

1.4
-1



Constraining Cosmology.
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