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Gravitational lensing of supernovae 

Type Ia supernovae are affected by gravitational lensing due to the 
mass distribution along the line of sight!

magnification or de-magnification of the supernova fluxes!

additional dispersion in the observed luminosities 3 



Compared to a 
homogeneous universe 
most SNe appear dimmer 
and a few are significantly 
magnified.  

z 

Light loss due to multiple images 
Selection bias – rejection of outliers 

No significant bias on the cosmological 
measurements for current supernova surveys 

( Mean of the flux mean of the magnitudes ) 

Bias in the cosmological measurements? 

Mean magnification is 
unity 
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A new method for the halo mass / 
galaxy luminosity relation 

Measure the mass-luminosity ratio of the dark matter halos  
using the SNLS SNe magnification. 

2 different estimates of supernova magnification: 

Correlation expected between these 2 estimates 

Use SNe magnification to measure  
the dark matter clustering 

From the residuals in the Hubble diagram 
partly caused by gravitational lensing 

By modelling the foreground mass over-
densities using a mass to luminosity proxy for 
galaxies 
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Previous results 

No clear detection of a lensing signal in SNe Ia surveys 
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Asymetric distribution in SN peak 
luminosity Wang 2005.(high-z SST) 

Correlate the residuals to the Hubble 
diagram and gravitational 
magnification by modeling the line-of-
sight of each SN  

Jonsson 2006 (GOODS) 

Correlate brightness with the density 
of foreground galaxies 

Williams & Song 2004. 
(high-z SST and SCP)  

Ménard & Dalal 2005. 
(high-z SST and SDSS) 

First step: find the correlation 

BUT: recent simulations show that it should be detectable 
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Magnification of a Singular Isothermal 
Sphere (SIS) 
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Halo Mass- Galaxy luminosity relations 
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Faber-Jackson (ellipticals) / Tully-Fisher (spirals) 

Empirical relation between the measured velocity 
dispersion / rotational velocity and the luminosity 
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L∝σ β

€ 

logVmax = −0.134(MB + 3.61+1.22z)

€ 

logσ = 2.2 − 0.091(Mr + 20.79 + 0.85z)

Tully-Fisher 

Faber-Jackson 



Analysis 
chain Actual data 

Galaxy catalog 
including 

magnitudes in the 
u g r i and z -

bands Absolute 
magnitudes  
Photometric 

redshifts 
mass of 

each 
galaxy Obtain galaxy 

redshifts and 
absolute 
magnitudes using 
a newly 
developped 
photometric 
redshift code 
  

Select the line-of-sight 
galaxies and calculate 
the magnification 

magnifi-
cation 

for each 
SN line-
of-sight 

Derive masses from 
luminosity using the Tully-
Fisher / Faber-Jackson 
relations  for a SIS halo 
model 
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RESULTS 
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The SNLS 3-year supernova sample 

Number of SNe:  233  (171 non-masked )  

Redshift range: 0.2-1.1 RMS of residuals ~0.16 
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Correlation expectations 

Monte-Carlo simulations using the galaxy catalogs  
Do we expect a signal? 

For 171 supernovae: 

50% chance of detecting 
a signal of more than  
2.5 sigma 

35% chance of a 3 sigma 
detection 

without magnification 

with magnification 

Detection criteria - weighted correlation coefficient: 
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w =1/σ res
2 = optimal 
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Magnification of the SNLS 3-year SNe 
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Most magnified supernova: 04D2kr 
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µ =1.355 ± 0.182
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Residual to Hubble diagram - 
magnification plot 

Expected correlation 
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ρ = 0.18 2.3 sigma significance  

Our sample 

Signal significance 
(weighted correlation coefficient) 

Uncorrelated samples 
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Consequences of a signal detection 
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Expected «lensing» 
scatter in the Hubble 
diagram: 

Consistent with the TF/FJ relations at the 1.2 sigma level with 
an uncertainty of 30 % 

€ 

〈residual〉 = a × 〈magnification〉Straight line fit: 

€ 

a = 0.65 ± 0.30

€ 

σ(µ) = 0.08 × z

€ 

σ(µ) = (0.05 ± 0.022) × z

Random lines-of sight: 

Calibrated to the SN 
data: 



Sn 04D2kr at z = 0.744 

0.228 
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Host galaxy ? 

Some of the most magnified supernovae 
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Sn 03D4cx at z = 0.949 
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0.33 

0.23 

0.32 

0.38 

0.33 

Sn 04D4bq at z = 0.550 
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Conclusion and prospects 
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Detection of a 2.3 sigma lensing signal (99% CL) in the 
3-year SNLS data sample (171SNe) 

A promising method to calibrate the mass-luminosity 
relation for galaxies 

A 3 sigma signal expected 
(80% chance) in the final 
SNLS sample 

MC-simulations of the 
SNLS 5-year sample 
( ~400 Sne) 

How to improve the lensing signal in future surveys: 

Number of Sne, Scatter in the residuals to the Hubble 
diagram, Higher redshift SNe 



Identification of stars 

Characteristic 2D profile  

The second moments of a 2D Gaussian fit:   
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mxx,myy,mxy

Locus in the plane 

€ 

mxx −myy

The shape 
parameter as a 
function of the 
position in the focal 
plane 

(Shape parameter) 

stars 

galaxies 21 



If several galaxies close to the SN 

Check the SN-z 
and photo-z of 
the galaxies 

If SN-z and photo-z different 

If d>1.3  No host 

May lead to exclusion 
of the SN (2/173) 

d 

SN 

SN host galaxy identification 
Images excluding the SN 

Closest galaxy to the supernova location (in terms of a 
normalized elliptical distance, d) 
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Spurious galaxy detections 

Light scattering due to 
support rods 

Diffraction spikes 

Masking 
Bright stars and edges of the camera field of view 

Areas where the photometry is not accurate  

Halos around 
stars 

Internal reflections in 
the optics 

Saturation Bleedings 23 



Mask constructed based on the flux in the i-band 
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Spiral / Elliptical galaxies 
Elliptical galaxy 

Spiral galaxy 

Red colors  

Blue colors 

0.54 

BLUE 
RED 
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2 special cases 

SN 04D2kr (z-spectro=0.744) 

z(phot)=0.168 (CFHT) 
z(phot)=0.3 (SNLS) 

z(phot)=0.228 (COSMOS) 

HST 

CFHT 
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SN 05D2bt (z-spectro=0.68) 

z(phot)= 0.31 (SNLS) 

z(phot)= 0.32 (CFHT) 

SN HST 

CFHT 
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Photometric redshifts 

Build a one parameter spectral sequence 

Optimize the spectral sequence so 
as to match the data 

Photometric redshiftcode in 2 steps 

Redshift of each galaxy + absolute magnitudes 

Propagation of the ugriz  and model uncertainties 
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ugriz measurements colors of the galaxies 

Parameter that defines the colors of galaxies in the best way 

Mean age of the stellar population 

The spectral sequence 

Initial galaxy spectra: PEGASE.2 
(Fioc & Rocca-Volmerange,1999) 

50Myr 13Gyr 
mean age of the 
stellar population < < 

Sd E …………………….......... 

Goal: 

Choose a number of spectra 

Sweep the entire range of 
galaxy colors 

Construct a continuous 
sequence by interpolating 
between the initial spectra 
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Optimizing the spectral sequence 

Training based on photometric observations of 6320 
SNLS galaxies with known spectroscopic redshift from the 
DEEP-2 (0.1<z<1.5)  

Using the spectral template sequence and the known 
redshift we can calculate the synthetic magnitudes of 
the galaxies. 

Minimize the magnitude offset (observed-synthetic) 

Optimized spectral sequence 
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Before training 
After training 
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The resolution of the code 

€ 

σΔz /(1+z) = 0.038
Redshift residuals 

Catastrophic failures 

€ 

Δz /(1+ z) > 0.15
6.5% 

Propagation of the uncertainties:  
Monte Carlo technique 

Spectroscopic redshift: 
(VVDS, DEEP-2) 
                 + 
 high resolution photo-z (COSMOS) 

Comparable to CFHT photo-z 
(Ilbert et al.) 

Comparison of the rms for each 
galaxy with the rms of zspec-zphot 
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rms(zphot-zspec)  

uncertainty on the zphot 



Halo Mass- Galaxy luminosity relations: 
Galaxy-galaxy lensing 

Ensemble averaged properties 

Mean tangential shear 

Velocity dispersion (SIS) 

Ellipticities of background 
galaxies and their 
systematic alignment  

Averaged tangential shear 
as a function of radius 

Mean mass of the galaxies 

Fit to a halo model 
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Selection of galaxies along the line of sight 
Mean magnification factor of 100 random source 
positions at z=1 as a function of the angular radius 
centered on the source position within which galaxies are 
included 

Masking 

171 SNe 

SN 

r 
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q-let 
Estimate of the gravitational lensing effects on a point source 

List of redshifts, distances to the line of 
sight, mass or velocity dispersions 

Cosmology (0.27 flat) + z of the sn 
The magnification 
factor 

Multiple lens-plane method 
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µ(θ) =
|θ |

|θ |−θE
Magnification of a SIS 

Gunnarsson et al. 2003 
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Uncertainties on the magnification of 
each SN 

Monte carlo techniques: 

Derive magnification 
distribution for each 
supernova 

For each line of sight galaxy magnitudes are altered by drawing 
gaussian magnitudes centered on the observed value. 

Generate new redshifts and corresponding absolute magnitudes  

€ 

Δmag
mag

≈17%
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Lensing signal 
SNe fainter than expected  

SNe brighter than 
expected  

SN 

SN 

Galaxies 
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