
Cosmology after Planck: what is next?
Les Houches 2016

1 Timetable

Monday 25
09:00-10:30 Uzan (90’)
10:30-11:00 Short coffee break
11:00-12:30 Challinor I (90’)
12:30-14:00 Lunch
14:00-15:00 Challinor II (60’)
15:00-16:00 Galli (60’)
16:00-17:00 Long coffee break
17:00-18:00 Benabed(60’)
18:00-19:00 Discussion I (60’)
19:00-19:30 Welcome drink
19:30-21:00 Dinner

Tuesday 26
09:00-10:30 Jaffe I (90’)
10:30-11:00 Short coffee break
11:00-12:30 Wandelt (90’)
12:30-14:00 Lunch
14:00-15:00 Jaffe II (60’)
15:00-16:00 Kunz (60’)
16:00-17:00 Long coffee break
17:00-18:00 Caprini (60’)
18:00-19:00 Discussion II (60’)
19:00-19:30 Participants talks I:

19:00 Millea (10+5’)
19:15 Rogers (10+5’)

19:30-21:00 Dinner
21:00-21:30 Participants talks II:

21:00 Archidiacono (10+5’)
21:15 Dupuy (10+5’)
21:30 Sabatier (10+5’)
21:45 Seyed (10+5’)
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Wednesday 27
09:00-10:30 Chluba I (90’)
10:30-11:00 Short coffee break
11:00-12:00 Skordis I (60’)
12:00-12:30 Participants talks III:

12:00 Tamini (10+5’)
12:15 Cespedes (10+5’)

12:30-14:00 Lunch
14:00-15:00 Chluba II (60’)
15:00-16:00 Skordis II (60’)
16:00-17:00 Long coffee break
17:00-18:00 Discussion III (60’)
18:00-19:00 Dvorkin I (60’)
19:00-19:30 Participants talks IV

19:00 Lozanov (10+5’)
19:15 Caner (10+5’)

19:30-21:00 Dinner
21:00-22:00 Conference/discussion

“Approaching medias”
by Katia Moskvitch

Thursday 28
09:00-10:30 Torre (60’)
10:00-10:30 Short coffee break
10:30-11:30 Kneib (60’)
11:30-12:30 Bartlett (60’)
12:30-14:00 Lunch
14:00-15:00 Betoule (60’)
15:00-16:00 Dvorkin II (60’)
16:00-17:00 Long coffee break
17:00-18:00 Discussion IV (60’)
18:00-19:15 Participants talks V:

18:00 Soergel (10+5’)
18:15 Garzilli (10+5’)
18:30 Wallisch (10+5’)
18:45 Poulin (10+5’)
19:00 Tansella (10+5’)

19:30-21:00 Savoie-style dinner
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Friday 29
09:00-10:00 Serpico (60’)
10:00-10:30 Short coffee break
10:30-11:30 Hannestad (60’)
11:30-12:30 Discussion V (60’)
12:30-14:00 Lunch
14:00 End of school

2 Invited talks

Review of standard cosmological model by J.-P. Uzan
Cosmological perturbations and CMB physics by A. Challinor
Recombination, reionization, CMB spectral distorsions by J. Chluba
Planck CMB temperature and polarisation by S. Galli
CMB lensing by K. Benabed
Clusters and cosmology by J. Bartlett
Large Scale Structure by S. de la Torre
BOSS and eBOSS surveys by Jean-Paul Kneib
Supernovae and cosmology by M. Betoulle
Dark Matter models and probes by P. Serpico
Light relics by S. Hannestad
Dark energy and modified gravity by C. Skordis
Inflation by C. Dvorkin
Non-gaussianity by A. Jaffe
Topological defects by M. Kunz
Smoking guns of phase transitions, primordial magnetic fields by C. Caprini
Topology, Homogeneity, Isotropy by B. Wandelt

3 Participant talks

Mr. Bjoern Soergel
Institute of Astronomy, Cambridge, United Kingdom
Detection of the kinematic SZ effect with DES-Year 1 clusters and SPT
The kinematic Sunyaev-Zel’dovich effect (kSZ) is a Doppler shift to the CMB
signal imparted by the bulk motion of the hot gas in clusters of galaxies. Despite
its small amplitude and spectral shape identical to the primary CMB, the kSZ
can be isolated using a differential statistic which probes the mean pairwise
velocity of galaxy clusters. This pairwise kSZ signal can be used to probe gravity
at 100 Mpc scales and to constrain the baryonic physics of galaxy clusters. In
this talk I will present a statistically significant ( 4 sigma) detection of the
pairwise kSZ signal by combining a cluster catalogue from the first year of Dark
Energy Survey (DES) data with CMB temperature maps from the South Pole
Telescope (SPT). This measurement is the first evidence of the kSZ using cluster
redshifts derived from photometric data, and one of the first science results from
the first year of DES data.
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Mr. Kaloian Lozanov
Institute of Astronomy, University of Cambridge, United Kingdom
End of inflation, oscillons and matter-antimatter asymmetry
The dynamics at the end of inflation can generate an asymmetry between parti-
cles and anti-particles of the inflaton field. This asymmetry can be transferred
to baryons via decays, generating a baryon asymmetry in our Universe. We
explore this idea in detail for a complex inflaton governed by an observation-
ally consistent -”flatter than quadratic”- potential with a weakly broken global
U(1) symmetry. We find that most of the inflaton asymmetry is locked in non-
topological soliton like configurations (oscillons) produced copiously at the end
of inflation. These solitons eventually decay into baryons and generate the ob-
served matter-antimatter asymmetry for a range of model parameters. Through
a combination of three dimensional lattice simulations and a detailed linearized
analysis, we show how the inflaton asymmetry depends on the fragmentation,
the magnitude of the symmetry breaking term and initial conditions at the end
of inflation. We also discuss the final decay into baryons, annihilation, reheating
and thermalization.

Mrs. Antonella Garzilli
Lorentz Institute, Leiden, Netherlands
How to distinguish warm intergalactic medium from warm dark matter? We re-
consider current constraints on warm dark matter from high resolution Lyman-
alpha forest spectra. We discuss an independent method that would allow to
exclude or lead to the discovery of WDM.

Mr. Nicola Tamanini nicola.tamanini@cea.fr
IPhT, CEA-Saclay, France
Late time cosmology with eLISA
In this talk I will consider the application of eLISA as a probe of the late-
time cosmological expansion. In particular I will first review the concept of
standard sirens and how these can be used to investigate the distant-to-redshift
relation. I will then discuss the best strategies to obtain as many standard sirens
as possible, taking into account what kinds of electro-magnetic counterparts
could reasonably be detected and by which instruments. Finally, employing
realistically simulated data, I will present the eLISA forecasted constraints on
the cosmological parameters of LambdaCDM and dark energy models.

Mr. Vittorio Tansella
University of Geneva, DPT, Switzerland
Lensing signals (in the CMB) from spin-2 perturbations
We compute the angular power spectra of the E-type and B-type lensing poten-
tials for primordial gravitational waves from inflation and for tensor perturba-
tions induced by scalar perturbations. We derive the tensor-lensed CMB power
spectra for both cases. We also apply our formalism to determine the linear
lensing potential for a Bianchi I spacetime with small anisotropy.
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Mr. Sebastian Cespedes
DAMTP, University of Cambridge, UK
Looking for signatures of a modified speed of sound for gravitational waves.
Higher derivative interactions might induce an effective speed of sound for the
tensor modes. Such speed can be removed by a disformal transformation which
is a change in the light cone slope. This transformation rescale the coordinates
in such a way that the scalar modes get an effective speed. We study the effects
of this transformation for CMB photons. We find that by using this method it
is possible to impose constraints for effective theories of gravitational waves.

Mr. Keir Rogers
University College London, United Kingdom
Spin-SILC: CMB polarisation component separation with spin directional wavelets
B-mode polarisation is a powerful cosmological observable which in principle al-
lows the detection of a stochastic background of gravitational waves predicted
by inflation, and gives strong constraints on the neutrino sector using the weak
gravitational lensing of the cosmic microwave background (CMB). Astrophysi-
cal foregrounds present a formidable obstacle in extracting these signatures of
new physics from CMB polarisation data. I will present a novel form of internal
linear combination (ILC) that uses spin, directional, scale-discretised wavelets
— Spin, Scale-discretised, directional wavelet ILC or Spin-SILC. Like previous
component separation methods, SILC uses the characteristic frequency, spatial
and harmonic signatures of foregrounds to separate them from the cosmological
background signal. By using directional wavelets, SILC also uses the morpho-
logical information of the foregrounds and CMB to better localise the cleaning
algorithm. This is because directional wavelets, when convolved with signals
on the sphere, can separate the filamentary structures which are characteristic
of both the CMB and foregrounds. Moreover, Spin-SILC uses spin wavelets
allowing both the minimisation of E and B residuals and simultaneously their
cross-correlations for the first time. It also provides an elegant framework in
which to carry out E-B separation. I will present the results of the algorithm’s
application to both temperature and polarisation anisotropies.

Mr. Caner Unal
University of Minnesota, USA
Scale Dependent Gravity Waves from Rolling Axion
There is a strong experimental effort to discover the signal from primordial
gravity waves. For the case that the inflation process happened in the basic way
(ie. single field rolls slowly), this signal reveals the energy scale of the inflation
as well as the excursion of inflaton, which are two of the most crucial questions
about this era. However, there are other options that can be distinguished with
distinct observational properties. This work will concentrate on a model, which
is consistent with latest observations and also violates the standard results.

Mr. Vivian Poulin
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LAPTh, France & RWTH, Germany
CMB constraints on decaying dark matter
Possible dark matter decays is often invoked as a tool for pinning down its
nature. In the recent literature, it has also been used to solve intriguing dis-
crepancies between CMB measurements and low redshift astronomical data. In
this talk, I would like to review how the CMB can be used to put constraints
on the DM unstable fraction and lifetime, firstly from purely gravitational ar-
guments and then by taking into account eventual electromagnetic yields. I will
present new results using the last Planck 2015 data.

Mr. Benjamin Wallisch
DAMTP, University of Cambridge, United Kingdom
CMB Phase Shift and Future Bounds on Axion Couplings
Fluctuations in the cosmic neutrino background are known to produce a phase
shift in the acoustic peaks of the cosmic microwave background. In this talk,
I will revisit the phase shift of the CMB anisotropy spectrum as a probe of
new physics, especially light and weakly-coupled species. The phase shift is
particularly interesting because its physical origin is strongly constrained by
the analytic properties of the Green’s function of the gravitational potential.
Then, I will provide observational constraints from the Planck temperature and
polarization data on additional forms of radiation and comment on forecasts
of the capabilities of future CMB Stage IV experiments. This then sets the
stage for the discussion of constraints on the coupling of light thermal relics, in
particular scalar particles, to the Standard Model. I will present new bounds on
these weak couplings which have the potential to improve on current constraints
by several orders of magnitude with measurements of future CMB experiments
alone.

Hélène Dupuy
Universit de Genve, Switzerland
Describing massive neutrinos beyond the linear regime, a notable target.
Cosmological perturbation theory has proved to be particularly efficient to
model the formation of the large-scale structure of the universe. Many refine-
ments have been realized over the years in order to be in tune with the precision
reached by observational cosmology. In particular, the effect of neutrinos on the
linear matter power spectrum is now well understood. However, a robust ana-
lytic model of the impact of neutrinos on the nonlinear matter power spectrum
is still missing. In this talk, I will present an attempt to remedy this.

Mrs. Maria Archidiacono
RWTH Aachen, Germany
Efficient calculation of cosmological neutrino clustering
Within the next few years cosmological structure formation will be probed in
greater detail than ever before by new and very large surveys, most notably
EUCLID and LSST. While this opens great possibilities for probing for example
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dark energy and the mass of neutrinos, it also puts very stringent requirements
on theoretical calculations of cosmological observables, such as the matter power
spectrum. In this regard, the treatment of massive neutrino is particularly
challenging both in N-body simulations and in linear theory Boltzmann codes.
In this talk I will present a new approximation to the third moment of the
Boltzmann hierarchy and demonstrate that with this new approximation the
neutrino power spectrum can be calculated with a precision of a few percent.
Then I will discuss an extremely efficient way of calculating the neutrino power
spectrum in the regime of non-linear dark matter clustering: I will show that
the derived neutrino power spectrum is consistent with what can be calculated
in real space using N-body simulations.

Mr. Seyed Mohammad Sadegh Movahed
Shahid Beheshti University, Iran
Directional clustering in cosmological stochastic fields
Stochasticity nature in our cosmos due to initial conditions and/or evolution
of fields has been considerably attentioned. Quantum fluctuations of fields in
so-called inflationary epoch and/or various topological phase transitions at the
very early universe as the seed of temperature fluctuations at the last scatter-
ing surface and also current large scale structures are just some of stochastic
fields. Topological and geometrical measures enable us to establish almost ro-
bust approaches to quantify mentioned fields. In this talk, I will give a brief
explanation about the classification of fields from complex system points of
view and then concentrate on some measures, Finally, I will try to setup semi-
analytical prediction for so-called up-crossing clustering and compare it from
that of computed directly from simulations and real data such as Planck data. I
also show that according to this analysis one can introduces additional charac-
teristics length scales. These approach can be implemented to various stochastic
fields not only in cosmology but also for other stochastic fields in 1+1, 2+1 and
3+1-Dimensions.

Mrs. Abril Suarez
Universit Paul Sabatier, France
Structure Formation with Scalar Field Dark Matter
Using a generalization of the Madelung transformation, we derive the hydrody-
namic representation of the Klein-Gordon-Einstein equations in the weak field
limit. We consider a complex self- interacting scalar field with a ?—?—4 poten-
tial. We study the evolution of the spatially homogeneous background in the
fluid representation and derive the linearized equations describing the evolution
of small perturbations in an expanding universe. We study the evolution of the
perturbations in the matter era using the nonrelativistic limit of our formalism.
Perturbations whose wavelength is below the Jeans length oscillate in time while
perturbations whose wavelength is above the Jeans length grow linearly with
the scale factor as in the cold dark matter model. The growth of perturbations
in the scalar field model is substantially faster than in the cold dark matter
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model. When the wavelength of the perturbations approaches the cosmological
horizon (Hubble length), a relativistic treatment is mandatory.

Mrs. Katia Moskvitch
King’s College London, UK
Cosmology and the media
I am doing my PhD in theoretical physics, but I am also a journalist by train-
ing. I worked as senior science reporter for BBC News and Nature magazine,
and wrote many articles for New Scientist, AAAS Science and Physics World.
I therefore know how difficult it is at times for young scientists and PhD stu-
dents to deal with the media, and how tricky it is for journalists to understand
researchers - often, despite both parties speaking English, it’s if they were from
different planets. So I could give a short talk on how to approach the media
when you have or are about to publish an important paper, how to tell a jour-
nalist who might not have any scientific background that your paper is indeed
important and your discovery or results represent a breakthrough. My presen-
tation would also address such issues as what terminology to use and to avoid
with the media, and on the importance of explaining the work using lay terms
- without dumbing down the research.

Dr. Marius Millea
IAP, France (postdoc)
Further insight on Planck results with Cosmology@Home
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