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Galaxy-Galaxy Lensing

The mass associated with galaxies lenses background galaxies

background sources lensing due to foreground galaxy

Lensing causes correlated ellipticities, the tangential shear, γt, which

is related to the excess surface density,∆Σ, according to

γt(R)Σcrit = ∆Σ(R) = Σ̄(< R) − Σ(R)

The mass surface density is a projection of the galaxy-matter cross

correlation, ξg,dm:

Σ(R) = ρ̄
R DS

0
[1 + ξg,dm(r)] dχ
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RdR

< � > (R;R + dR) = γt(R)
Shear                    

tells about 
(dark) matter distribution 

around ‘lens’ galaxy
BUT

Too few
 background (source) galaxies

Need to stack
many ‘lens’ galaxies

OBSERVING 
‘GALAXY-GALAXY’ LENSING



GAMA SURVEY

Mean Redshift 
z~0.25 

Groups with at 
least 5 members



KIDS OVERLAP

Excellent Imaging        
(seeing<0.8”                                               

and stable PSF )

z

P(
z)

Mean redshift
z~0.7



STACKING PROCEDURE
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How to interpret the signal?

Stacking

Because of stacking the lensing signal is difficult to interpret

∆Σ(R|L) =
R

P (M |L)∆Σ(R|M )dM

∆Σ(R|M ) = (1−fsat)∆Σcen(R|M )+fsat∆Σsat(R|M )

P (M |L) and fsat(L) can be computed from Φ(L|M )

UsingΦ(L|M ) constrained from clustering data,

we can predict the lensing signal∆Σ(R|L1, L2)

haloes of different  masses
central and satellite galaxies} Mixed together

Difficult interpretation 
unless (statistically) accounted for 

Stacking according to an observed galaxy property 
(e.g. Luminosity)



MODELLING 
‘GALAXY-GALAXY’ LENSING

∆ΣSTACK(R|L) =

�
Pc(M |L)∆Σc(R|M)dM

+

�
Ps(M |L)∆Σs(R|M)dM

∆Σc(R|M)

ρdm(r|M)
Dark matter 
halo density

 profile
(NFW) 

∆Σs(R|M)

ρdm(r|M)⊗ ns(r|M)
Convolution of 

the halo density profile 
and the number density 
distribution of galaxies

Probabilities 
provided via 

Halo Occupation 
Statistics

(ask me off-line 
for further detail)

(at sub-Mpc scales)

at larger scales:

γt(R)Σcrit ≡ ∆Σ(R) = Σ̄(< R)− Σ(R)



LENSING SIGNAL OF GROUPS 
AS FUNCTION OF 
BCG LUMINOSITY

V
io

la
, C

ac
ci

at
o 

et
 a

l. 
(i

n 
pr

ep
.)



BCG-HALO MASS 
SCALING RELATION

Viola, Cacciato et al. (in prep.)



WHERE IS THE CENTRE?

Viola, Cacciato et al. (in prep.)



Global Scaling Relations

Observational constraints on 
Galaxy Formation Models

DELIVERABLES

Viola, Cacciato et al. (in prep.)



LENSING BY 
SATELLITE GALAXIES

Analytical Predictions
(see e.g. Yang et al. 2006)



LENSING BY 
SATELLITE GALAXIES
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SATELLITE MASSES:
STRIPPING IN ACTION?
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BONUS TRACK:
LENSING OF 

‘BACKSPLASH’ GALAXIES ?
Simulation, Wetzel et al. (2014)



BONUS TRACK:
LENSING OF 

‘BACKSPLASH’ GALAXIES ?
Simulation, Wetzel et al. (2014)

Expected ~10 % mass reduction 
compared to isolated galaxies 

(from simulations)

Need to wait for better S/N for observational confirmation



Visual Summary


