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O B S E R VAT I O N A L  P R O B E S :   
I N I T I A L  V I E W

Some observations constrain expansion history 

Some observations 
constrain growth 
history 

Some care about time 
part, some +space part 
of metric 



D A R K  E N E R G Y  S U R V E Y



D A R K  E N E R G Y  S U R V E Y



T H I S  TA L K :  Y E A R  1



CTIO, Chile 
5000 sq degree 
map, 8 billion ly 
deep, i~24, 5 filter 
bands (grizY)

D A R K  E N E R G Y  S U R V E Y

570Megapixels, 3 sq deg field
0.26” per pixel



G R AV I TAT I O N A L  L E N S I N G

Allows detailed ‘view’ of inhomogeneities

ESA/NASA



Collett et al 17

S T R O N G  G R AV I TAT I O N A L  L E N S I N G

zl=1.06 
zs=2.39



Collett et al 17

M O D E L L I N G



Collett  
et al 17

M O D E L  PA R A M E T E R S



Collett et al 17

2  C L U M P  M O D E L

Need to be very careful 
about lens modelling



Next: Understanding behaviour of 
dark matter 

P R E D I C T I O N S

Collett et al 17
1 halo 2 halo



Source
plane

Image
plane

Convergence Shear

Radius 1

Radius 1+κ

W E A K  L E N S I N G

Small angle deflections and gradients of deflections 
(important to examine assumptions):



R E L AT I O N  T O  P O T E N T I A L

Introduce lensing potential

Potentials in perturbed 
FRW

Also introduce

Then

Geometry

NB both dilation, and projected density 

NB spin raising and lowering



T H E  M E A S U R E M E N T  P R O B L E M

shear

smeared 
isotropically 

by atmosphere

Measure PSF smearing 
from stars; fit for shape in 

presence of PSF

dragged by  
telescope



DES data - need to estimate 
ellipticities for these galaxies
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1)

T H E  N E W  D A R K  M AT T E R  M A P

Kaiser & Squires 93



1)

T H E  N E W  D A R K  M AT T E R  M A P

Chang et al 17



1)

T H E  N E W  D A R K  M AT T E R  M A P

Chang et al 17

DM distribution 
inferred from 
30M galaxies



1)

T H E  N E W  D A R K  M AT T E R  M A P



1)

R E L AT I O N  T O  G A L A X Y  C L U S T E R I N G

Chang et al 17

S E E  T O M  
G I B L I N ’ S  TA L K



• Point about not being able to rotate - but can have 
sources at different distnaces, and several probes 

• Show effect of shear 

• Stress/strain maps for spacetime

D I S P L A C E M E N T  A N D   
P O T E N T I A L  M A P S

S E E  N I C K  
K A I S E R ’ S  TA L K



L E N S I N G  A N D  C L U S T E R I N G  S TAT I S T I C S

γa

γb

θ

n

γ

θ

Sensitive to matter power 
spectrum, geometry

Sensitive to matter power 
spectrum, geometry, bias

n

θ n
Sensitive to matter power 

spectrum, bias

b2



C O S M I C  S H E A R  R E S U LT S

Troxel et al 17

B E WA R E  O F  B A R Y O N I C  E F F E C T S  A N D  I N T R I N S I C  
A L I G N M E N T S  -  S E E  M A R I K A  A S G A R I ’ S  TA L K



M E A S U R E M E N T S :  G A L A X Y  C L U S T E R I N G  
A N D  G A L A X Y- G A L A X Y  L E N S I N G  
E LV I N - P O O L E + ;  P R AT,  S A N C H E Z +

! Lens galaxies: redMaGiC LRGs with high-quality 
photometric redshift estimates (Rozo, Rykoff+2016)



C O M B I N E D  R E S U LT S

DES 17



C O M B I N E D  R E S U LT S

DES 17

C O M PA R E  
K R Z Y S Z T O F  
B O L E J K O ’ S  

TA L K



C O M B I N E D  R E S U LT S

DES 17



1)

C O M B I N E D  R E S U LT S

Density of matter 
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1)

D E N S I T Y  S P L I T  S TAT I S T I C S

Projected galaxy count map, find columns of a given range in 
projected density. Measure lensing due to these columns. 

Gruen et al 17

Are these predictions sensitive to back-reaction? 



S U M M A R Y

! Strong lensing studies allow detailed look at inhomogeneities; lens 
modelling needs great care. 

! DES weak lensing has added a precise measurement of structure in 
the evolved Universe 

– Competitiveness and consistency with Planck CMB in ΛCDM;      
mild offset in the direction of e.g. KIDS 

– Precise joint measurements close to Ω
m

=0.30, σ
8
=0.80, w=-1.0 

– Systematics in shape measurement, small-scale baryonic effects, 
intrinsic alignments need great care. 

! Density split statistics may be of interest to the back-reaction 
community - please calculate what is expected in your models.


