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JVAS/CLASS survey

« VLA 8.4GHz snapshots

» Resolved sources followed up
with Merlin

e 22 lenses from 1990-1999

CLASS

gravitational lenses




Radio properties of 0218

Double source,
separation 334mas

830, 340 mJy at
8.4GHz; variable

Einstein ring

Flat-spectrum core of
larger overall source

Patnaik et al. 1992




Radio properties of 0218 (ctd)

 Also has VLBI
structure in both
components!

« Complex and knotty

Jet |n bOth A and B Biggs et al. 2(|)01

Redshifts of lens and source are 0.6847
and 0.944 (Browne et al. 1993, Carilli




Optical properties of 0218




I\/Ieasurement of time delay
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Time delay = 10.5+/-0.4 days
Hubble constant estimate:
69 Km/s/Mpc (+13/-19, 95%)




Mass models

*Usual problem with 2 images:
constraints

But in this case have Einstein
ring and VLBI structure




LensCLEAN models

« Kochanek & Narayan 1992

» Developed by Ellithorpe et al. 1996,
Wucknitz 2004

» Analogous to radio CLEAN but with lens
inversion inbuilt — construct source




. ens centre Is crucial

* Lens centre gives
both Ho and M:R
iIndex

» Without it, get neither

 LensCLEAN gives it
but better to measure

¥y [mas]

Lehar et al. 2000; Wucknitz et al. 2004




Fun with PSFs...

« 80mas PSF vs ~50mas B-G separation
» B is about 20x brighter peak than G
« PSF is not perfect — variable with time

Would you like to win a game you don’t know how to play?




HST/ACS observations

e 36 orbits, 32 on
source

* | band (F814W)
« WFC used to avoid

scattered light
problem

Y offset (pixels)




HST/ACS observations

5 epochs obtained B
PSF different in each!

A and B appear
closer than 334mas

Galaxy has clear
spiral arms




The same picture, in colour




Deconvolution method

« Make and test several
PSFs (separate star,
field stars)

« Use to deconvolve A,
B by measurement
and subtraction of




Deconvolution method

« Choose possible
galaxy position

« Calculate symmetry
parameter corrected
for photon and PSF
errors




Results

No masking  Spiral arms No masking Spiral arms
i I : & —




Value of Hubble constant

Data used Masking | Position HO (isothermal) | HO (free index) | M:R index
(RA, & from B)

optical +57, +0 68+/-6 1.13+/-0.08

optical +75, -5 56+/-14 1.16+/-0.19

VLBI+optical +60,-12 70+/-5 1/05+/-0.03

VLBI+optical +74,-18 61+/-7 1.05+/-0.04

T offact frem B (aresec




Value of Hubble constant

ISOTHERMAL FREE-INDEX MASS-RADIUS INDEX

r offswt from 1 |uesx)

Ellipses represent VLBI-only and a combination of optical+VLBI constraints.




Other implications

Very close to isothermal
Central position still crucial

Likely to dominate error until new
observations (HST/JWST)...

...at which point, time delay needs refining
No point in doing either to <3%




The error budget

galaxy position (ignore arms): ~6%
time delay: 4%

line-of-sight matter: ~2%

shear by nearby galaxies: 1-2%
uncertainty in Q, A: 1-2%




