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Our cosmology group!
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Cosmology : the key questions

• What is the physical model 
for dark energy, and laws of 
gravity across cosmic scales?

• What are the properties of 
the different components of 
the Universe (e.g. neutrinos, 
dark matter, curvature) ?

• Can we test theories such as 
inflation which establish the 
initial conditions?



Our basic tool : large-scale structure

• Geometrical information 
(e.g. baryon acoustic 
oscillations)

• Gravitational information 
(e.g. redshift-space 
distortions)

• Primordial information 
(e.g. shape of large-scale 
power spectrum)



Redshift surveys (past, present and future)

• WiggleZ Dark Energy Survey (completed 2011)

• 6-degree Field Galaxy Survey (completed 2006)

• 2-degree Field Lensing Survey (started 2014)

• Taipan Survey (starting in 2016)



Probe 1 : baryon acoustic oscillations 

• Preferred co-moving separation 
of 105 h-1 Mpc between clumps 
imprinted at recombination 

• We observe a preferred angular 
separation between galaxies at 
some redshift

• Allows distance determination 
by simple geometry
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Probe 2 : galaxy velocities

• Measure individual velocities 
(standard candles)

observer

infalling
galaxies

• Measure correlated velocities 
(redshift-space distortion)

Growth rate of structure is a key test of models



Probes 3 and 4 : lensing and voids

Weak gravitational lensing Voids in large-scale structure

• Testing cosmology with the latest gravitational lensing 
surveys (CFHTLenS, RCSLenS, KiDS)

• Testing gravitational physics around cosmic voids



2LPT COLA Gadget
⇠ 3 timesteps 10 timesteps ⇠ 2000 timesteps

Figure 1: We show slices through three N-body simulations evolving the same initial conditions up
to z = 0. The particles (each of mass 4.6⇥109M�/h) are shown as red points. Each slice is 20Mpc/h
on the side (the full simulation box is 100Mpc/h on the side), and about 3Mpc/h thick. The left
panel shows the 2LPT approximation used for building mock catalogs using the PTHalos approach
[7, 8]. Calculating the 2LPT particle positions requires an equivalent of roughly 3 timesteps performed
by an N-body code. The middle panel shows the result obtained with our modified N-body code with
as few as 10 timesteps. The rightmost panel shows the “true” result obtained from GADGET-2 [10]
after ⇠ 2000 timesteps starting with 2LPT initial conditions at z = 49.

To illustrate the performance of COLA, we ran a simulation with a box size of 100Mpc/h,
with 2563 particles with forces calculated on a PM grid4 of 7683. The initial conditions were
calculated at z

initial

= 9 using the 2LPTic code5.
In Figure 1 we show a slice at z = 0 through a set of three N-body simulations evolving

the same initial conditions. The left panel shows the result performed entirely using 2LPT,
which currently used mock catalogs are based upon [8]. The central panel shows the snapshot
obtained using COLAcode with 10 timesteps; and the right panel shows the result from
GADGET-2 [10] with ⇠2000 timesteps.

The computational cost of our code is only about three times larger than calculating
2LPT initial conditions with standard Fourier techniques [11], which cost approximately as
much as 3 force evaluations in a Particle Mesh (PM) code. The speed-up compared to Gadget
that we achieve is entirely due to the fact that we calculate exactly the large-scale behavior
in LPT, while letting the N-body code solve for the small-scale dynamics, without requiring
it to capture exactly the internal dynamics of halos.

4Let us briefly explain our choice of PM grid size. If the average comoving interparticle distance is d,
then the mass per particle is (⇢̄d3), where ⇢̄ is the mean comoving density. For a halo with N particles
(e.g. as detected by a friends-of-friends (FOF) algorithm), the halo mass is (N ⇢̄d3), which roughly equals
M� = (4⇡/3)R3

� ⇢̄ �, where � is the fractional overdensity at which the halos stop percolating. Thus, we find

R�/d =

✓
4⇡�
3N

◆�1/3

⇡ 0.4⇥ (N/50)1/3 , (2.3)

where the last equality holds for � = 200. Therefore, the ratio of the halo radius (and hence the force softening)
to the mean interparticle distance, should be about 0.4 for a simulation designed for halo mock catalogs, since
one needs at least ⇠ 50 particles per halo to obtain a reasonable radial profile for instance. In our N-body
example, we chose a PM grid which is 3 times finer than the mean particle separation, thus satisfying the
above requirement.

5We used the serial version of the code developed by R. Scoccimarro. It can be found here: http:

//cosmo.nyu.edu/roman/2LPT/
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Mock catalogues

• Mock catalogues are needed to test our analysis pipelines 
and models, and obtain the statistical errors in our results

• Full N-body mocks using Gadget (e.g. GiggleZ)

• Approximate mocks (COLA method, 1000s simulations)



Tools our group uses

observations statistics

simulations theory

• Monte Carlo Markov Chain

• Bayesian / max likelihood methods

• Clustering statistics

• Machine learning



Our collaborations

• Current galaxy redshift surveys (WiggleZ, 6dFGS, 
GAMA,2dFLenS - especially with U.Queensland)

• Future survey collaborations (we are members of 
4MOST and DESI)

• Gravitational lensing surveys (CFHTLenS, RCSLenS, 
KiDS - especially U.Edinburgh, U.Leiden and U.Bonn)

• Radio surveys (Square Kilometre Array and pathfinders)

• CAASTRO

• Our group has frequent visitors / vacation students



Our future needs

• Clear research budget!

• High-performance computing

• ... others?


