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Previous reviews (lensing)

Kochanek & Schechter 2004, in “Measuring and Modeling
the Universe”, Carnegie Astro. 2, ed Freedman, CUP

Kochanek 2004, in Kochanek, Schneider & Wambsganss,
Proc 33rd Saas-Fee Advanced Course, ed Meylan, Springer

Courbin, Saha & Schechter 2002, in “GL: an Astrophysical
Tool”, ed Courbin & Minniti, LRP 608, 1

Proc Lorentz Centre workshop 2006;
howdy.physics.nyu.edu/index.php/Hubble_Constant



Order of this talk

1. CMB and related issues
2. Sunyaev-Zeldovich astronomy
3. Local determinations
4. Gravitational lensing



1. CMB constraints

Spergel et al. 2006 (astro-ph/0603449)

BUT (later in the same article):

REVERSE-BUT
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CMB constraints
Spergel et al. 2006 
(astro-ph/0603449)

Bottom line: any independent
measurement accurate to <5% 
is helpful
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2. SZ decrements in clusters

X-ray emission from cluster

Decrement goes like optical depth

(e.g. Birkinshaw 1999). In practice depends on
modelling temperature/density structure of cluster.



SZ decrements: some recent results

Bonamente et al. 2005: 
77+/-4+/-9 (38)



3. Local determinations: cepheids
Still disagreement between 
HKP (72, Freedman et al. 
2001) and Sandage group
(and others)

Problem is 
(i)   P:L calibration of SNeIa 

galaxies
(ii) P-dependent metallicity

correction
(iii) Biases (Paturel & Teerikorpi 2005)

Table from Sandage et al.,
astro-ph/0603647



4. Gravitational lenses
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Now 18 with time delays (cf. 11 in 2004)



Time delay measurements:time
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Converting time delays to H0

Hence (Kochanek 2002):

global power law, 

+mass sheet degeneracy 
(Falco et al. 1985)



A (far too) simple approach: one isothermal galaxy
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Remove anything with uncertain time delay
Remove anything with large cluster contribution
Remove anything with dodgy astrometry
Remove anything with two merging lens galaxies
Remove anything with a big substructure blob along a line of sight

NB: words like
“uncertain”, “dodgy”
and “large” are
subjective
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Remove anything with uncertain time delay
Remove anything with large cluster contribution
Remove anything with dodgy astrometry
Remove anything with two merging lens galaxies
Remove anything with a big substructure blob along a line of sight

NB: words like
“uncertain”, “dodgy”
and “large” are
subjective

With few exceptions, convergence around 50-60 (problem
pointed out by Kochanek 2002) – systematically non-isothermal
OR H0=50 OR CDM is wrong
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Non-isothermal? I.

Dobke & King, astro-ph/0609293
Koopmans et al. (SLACS)
astro-ph/0601628

Using prior H0=72+/-8



Non-isothermal? -II.

PG1115+080:
steeper slope raises H0
(Treu & Koopmans 2002)

(steeper=closer to mass-follows-light=more concentrated)
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Remove anything with uncertain time delay
Correct anything with large cluster contribution
Do the best with anything with dodgy astrometry
Model anything with two merging lens galaxies
Remove anything with a big substructure blob along a line of sight

NB: words like
“uncertain”, “dodgy”
and “large” are
subjective
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Larger errors in small print

Wucknitz et al. 2004
Treu & Koopmans 2002
Keeton 2001
Koopmans & Fassnacht 2002
Burud et al. 2002
Vuissoz et al. 2006
Ofek & Maoz 2003
Kochanek et al. 2006



Non-parametric models

No assumption of isothermality 
(or power-lawality): pixelised
mass model with elementary 
constraints (Saha & Williams 2000 etc)

Latest based on 10 TD lenses: 72
(astro-ph/0607240, Saha et al.)

+8
-11



Uncontroversial conclusion

* H0 is not yet decided to 5%
* Any direct method which gives <5% constrains other cosmology
* Gravitational lensing can in principle do this
* Even if H0 is decided, time delays tell you about galaxies

* Improvements by:
more time delays
more stellar dynamics (where mass slope dominates)
better astrometry (where galaxy position dominates)
studies of cluster/groups for extra convergence



Controversial conclusion
1. Considering all the time delay lenses and

assigning errors for problems with parametric
models (e.g. 15% for unknown index) gives

67+/-3      (better than CMB, HKP etc...)

2. Doing a Monte Carlo simulation to account for
distributions of non-isothermality, substructures etc.
gives    70+/-3     (ditto, Oguri, astro-ph/0609694)

3. Fully non-parametric models (pessimistic?) give
72(+8,-11) (Saha, astro-ph/0607240)

4. Whatever, get strong upper limit since not more 
concentrated than mass-follows-light, and ignoring
mass sheets gives too high H0

We do need to understand why some lenses are >3σ discrepant!!!
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