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Tests on accurate BOSS BigMultiDark mock catalogs 
and application to BOSS DR12 in collaboration with  

Sergio Rodriguez-Torres, Chia-Hsun Chuang, Francisco Prada+BOSS collab.

RSD corrections in collaboration with Raul Angulo, 
Carlos Hernandez Monteagudo, Sergio Rodriguez-

Torres, Chia-Hsun Chuang, Francisco Prada  

ARGO-CODE combined Hamiltonian and Gibbs-sampling 
 including stochastic nonlinear power-law bias  

(and second order nonlocal bias in prep)

galaxy bias model

Results of Power-spectrum  
sampling on light-cone BOSS DR12:

mask Power spectrum

BOSS DR12 data reconstructed sample



No relevant effect in the BAO shift 
seen for LRG-like haloes. We plan to 

investigate three point statistics.

We use the PATCHY code and include second order nonlocal bias
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stochastic
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Dark matter field  
from ALPT with PATCHY

corresponding  
second order nonlocal bias

Stochastic bias for eLG-like haloes

Bias model including the second order nonlocal tidal field term 

deltaDM

m
u(
2)

Eulerian nonlocal bias 
for eLG-like haloes

Lagrangian nonlocal bias 
for eLG-like haloes



  

Observational progress on all-sky large-scale structure of the UniverseObservational progress on all-sky large-scale structure of the Universe

New photometric redshift catalogs from 2MASS, WISE and SuperCOSMOS

Maciej Bilicki1,2,3,*, John Peacock4, Thomas Jarrett2, Michelle Cluver5 et al.6

▸ We cross-matched the largest all-sky galaxy samples to construct new photometric redshift catalogs

▸ The 2MASS Photometric Redshift catalog (2MPZ): a million galaxies with a median z=0.08 over 95% of sky

▸ New WISE×SuperCOSMOS photo-z sample of 2×10
7
 galaxies on 75% of sky has ⟨z⟩=0.2, reaching up to z~0.45

▸ Our photo-z's have accuracy of σ
z
=0.013 for 2MPZ and 0.033 for WISE×SCOS, and very low number of outliers

▸ These catalogs are being applied to various cosmological tests such as cross-correlations with other all-sky data

1Leiden University, the Netherlands · 2University of Cape Town, South Africa · 3University of Zielona Góra, Poland

4University of Edinburgh, UK · 5University of the Western Cape, South Africa · 6including the GAMA team · *maciek@ast.uct.ac.za

2MPZ color-coded by photometric redshift Redshift distributions for three all-sky samples

Bilicki et al. 2014a,b; 2015 in prep.



Can we observe relativistic redshift-space distortions in

forthcoming galaxy surveys?

M. Borzyszkowski, D. Bertacca and C. Porciani (AIfA, Bonn University)

Galaxy correlations on large scales.

Implement relativistic redshift-space distortions through particle

shifting in numerical simulations.

Can we measure them? Yes, with statistical significance of 10�
(full-sky) and 5� (EUCLID-like survey)



Constraints on the Early and Late Integrated Sachs-Wolfe
effects after Planck 2015

Giovanni Cabass, Martina Gerbino, Elena Giusarma,
Alessandro Melchiorri, Luca Pagano, and Laura Salvati

Physics Department and INFN, Università di Roma “La Sapienza”, P.le Aldo Moro 2, 00185, Rome, Italy

in preparation
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Recent Planck polarization data at high � erase the evidences for a non-
standard value of AeISW.

Planck TT + lowP data are consistent with a non-zero early ISW, with a
1� evidence of AeISW �= 1 that is stable under the most common exten-
sions of the �CDM model.

AeISW � 1 through its degeneracy with �bh2 and ns, which return in
agreement with the �CDM best fit when polarization is included.

Planck data place a constraint AlISW � 1.1 at 95% c.l. When supple-
mented with a prior on AlISW (coming from CMB temperature anisotropies-
weak lensing correlations) � AlISW = 0.85 ± 0.21 (� 4� detection).



The imprint of warm dark matter on the 21cm 
power spectrum: forecasts for SKA

Isabella Paola Carucci (Sissa-Trieste)  

In collaboration with Matteo Viel and Francisco Villaescusa-Navarro (Trieste Observatory)

WDM: suppression 
of power at small scales

What happens 
to the 21cm 

signal in WDM 
cosmologies?

The 21cm power spectrum gets boosted 
at all scales!

SKA1-LOW with 5k hour observation time can constrain competitively the warmness of DM 

by measuring the 21cm power spectrum (intensity mapping)



Position-dependent power spectrum: 
obtaining the squeezed-limit 

bispectrum without measuring it

Chi-Ting Chiang
 (MPA→Stony Brook)
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A Numerical Perspective
on Helium Reionization

Redshift evolution of the HeII effective 
optical depth.

Bimodal distribution of T during HeII 
reionization

Michele Compostella (MPA Garching)
in collaboration with Cristiano Porciani (AIfA Bonn) and Sebastiano Cantalupo (ETH Zürich)

Where we started:
  Suite of cosmological AMR hydrodynamic 
simulations
 Source model calibrated against 
observations R

a
d
ia

tiv
e
 T

ra
n
s
fe

r

fro
m

 A
G

N
s

What we have found:
  Temperature bimodality  
  Observed population of AGNs can 
ionize most of the He in the IGM by z~3
  Imprint on HI Lyα forest



H U N T I N G  D O W N  H O R I Z O N - S C A L E  
E F F E C T S  W I T H  M U LT I - W AV E L E N G T H  
S U R V E Y S   

J O S É  F O N S E C A  -  U N I V E R S I T Y  O F  T H E  W E S T E R N  C A P E  
I N  C O L L A B O R A T I O N  W I T H  S T E FA N O  C A M E R A ,  M Á R I O  S A N T O S  
A N D  R O Y  M A A R T E N S    



● Massive neutrinos contribute to                                                            

non-relativistic matter

● No satisfactory satisfactory                                                                      

non-liner approach exists

● A new first principle approach 

– Closed formal equation for density

– No expansion in

– Also applicable to Warm Dark Matter cosmologies

● Tested common approximations

– Qualitatively good agreement for the total matter bispectrum

– Fail for the neutrino bispectrum

Florian Führer (ITP Heidelberg)

Higher-order massive neutrino perturbations

in large-scale structure

Based on: FF, Yvonne Y. Y. Wong JCAP 1503 (2015) 046 arXiv: 1412.2764



Warm Dark matter:!
 constraints from Lyman α forest

A. Garzilli, A. Boyarsky, O. Ruchayskiy and M. Viel
The high resolution data in  
(Viel et al 2013)  
CANNOT CONSTRAIN  WDM 
better than previous 
constraints from SDSS 

Redshift-binned parametrization 
 on IGM thermal history

updated constraints:
mWDM � 2 keV



  

Weak Lensing by Galaxy Troughs

in DES Science Verification Data
Daniel Gruen, LMU Munich
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underdense
cylinders,
>10σ

overdense
cylinders

cluster / galaxy lensing:

S/N~O(100)

void lensing:

S/N~O(5)

underdense regions in the projected galaxy field





  

Non-local bias contribution
to galaxy 3-point correlations
Kai Hoffmann, Julien Bel, Enrique Gaztañaga
(MNRAS, 2015, 447, 1724; MNRAS, 2015, 450, 1674; arXiv:1504.02074) 

bias comparison● first non-local bias measurement
in real space

● new method for accurate linear
bias measurement from 3pc

●  comparison of lin.&quad. bias 
● measurements:

δm -δg, 2pc, 3pc, 3rd-order correlators
● predictions: peak-background split 
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•selected by Planck and Euclid

•unify description single scalar 
field DE/MG by using EFT 

language

• New release updated with 
Planck-2015 likelihood is 

coming soon

B. Hu, M. Raveri N. Frusciante, A. Silvestri



Reconciling!Planck)cluster)counts)and)cosmology?))
Chandra/XMM)instrumental)calibra5on)and)hydrosta5c)mass)bias)

Holger)Israel)(Durham)University)))
!
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Table 1. Observed mass bias in the I14 sample, for several choices of X-ray masses. Columns 2 and 3 give the slope P and intercept Q
of the general best-fit relation (Eq. 5) between Chandra and XMM-Newton masses. Column 4 shows the X-ray calibration bias, i.e. the

mean and standard error of �Mxmm
500 /MCXO,I14

500 �. Columns 5 and 6 show the apparent bias with respect to the Chandra masses, averaged

over Monte Carlo simulations for all clusters (blog = �log Mxmm
500 �log MCXO,I14

500 �) and for the Mwl
500 �1014.5 M� bin (blog,H). The final

column measures the mass-dependent mass bias as the di�erence �bH�L
log between blog for the high- and low-mass clusters.

Hydrostatic mass P Q bxcal
lin blog blog,H �bH�L

log

MCXO
500 , new Monte Carlo 1 0 0 0.02+0.10

�0.08 �0.09+0.11
�0.10 �0.20+0.20

�0.16

MCXO
500 , incl. timestamp correction 0.946 ± 0.009 �0.002 ± 0.020 0.06 ± 0.00 �0.01+0.10

�0.09 �0.11 ± 0.11 �0.20+0.20
�0.16

Mxmm
500 , full conversion 0.783 ± 0.007 0.062 ± 0.015 0.19 ± 0.01 �0.08+0.10

�0.08 �0.19+0.11
�0.10 �0.21+0.20

�0.16

Mxmm
500 , temperature e�ects only 0.799 ± 0.007 0.064 ± 0.015 0.17 ± 0.01 �0.07+0.10

�0.08 �0.18+0.11
�0.10 �0.21+0.20

�0.16

Mxmm
500 , no timestamp correction 0.826 ± 0.004 0.061 ± 0.007 0.15 ± 0.01 �0.05+0.10

�0.08 �0.16+0.11
�0.10 �0.21+0.20

�0.16

Figure 2. Mass estimates Mxmm
500 derived from pseudo-XMM-

Newton temperatures and assuming hydrostatic equilibrium as a
function of masses MCXO

500 derived from ICM temperatures ob-
served by Chandra. Error bars inscribed in the symbols denote
the uncertainty in Mxmm

500 due to the uncertainties in the ACIS–
combined XMM and timestamp conversions. For illustrative pur-
poses, the timestamp correction is not applied to the MCXO

500 , but
its inverse to the Mxmm

500 . The solid line marks the linear best
fit. A dashed line marks the best-fit relation when the di�erent
Chandra calibration timestamps are not taken into account. For
the latter case, data points are not shown for the sake of clarity.

dashed line and shading for the 1� interval in Fig. 3. Dashed
lines and boxes at Mwl

500 � 1014.5 M� and Mwl
500 � 1014.5 M�

show the bias for the thus defined low- and high-mass sub-
samples.

For the eight clusters, we now find a pronounced bias of
blog = �0.08+0.10

�0.08, compared to blog = 0.02+0.10
�0.8 from Chan-

dra, using the updated Monte Carlo method. For the low-
mass sub-sample, Mxmm

500 and MWL
500 are consistent (blog =

0.02+0.16
�0.12); while for the high-mass sub-sample, we measure

blog = �0.19+0.11
�0.10, i.e. Mxmm

500 that are smaller than WL

masses by a similar amount as the MPl of vdL14 (cf. Fig. 3).

Figure 3. Ratio between the pseudo-XMM-Newton hydrostatic
mass Mxmm

500 , with timestamp correction, and the I14 WL mass
Mwl

500 as a function of Mwl
500. Short-dashed lines and light grey

shading denote the logarithmic bias blog = �log Mxmm�log Mwl�
obtained from averaging over Monte Carlo realisations. We also
show blog for the low-Mwl and high-Mwl clusters separately, with
the 1� uncertainties presented as boxes, for sake of clarity. As a
visual aid, a dot-dashed line depicts the Monte Carlo best-fit of
log (Mxmm/Mwl) as a function of Mwl. Empty symbols and the
triple-dot-dashed line denote the MCXO

500 case. Compare to Fig. 2A
in I14.

We repeat our analysis for a few modifications high-
lighting the relative importance of various contributing fac-
tors: First, we find that Chandra masses, converted to the
newer CalDB v4.2 and the 0.7–7 keV band are systemati-
cally lower than for the V09a calibration and energy range.
The Chandra-only timestamp calibration already accounts
for � 30 % of the di�erence with XMM-Newton: blog =
�0.01+0.10

�0.09, a di�erence of �blog =�0.03 (Table 1). This re-
sult is consistent with the higher masses the V09a pipeline
returns in the Rozo et al. (2014b,a) cross-calibration stud-
ies. Conversely, omitting the timestamps correction moves
up the Mxmm

500 , such that blog = �0.05+0.10
�0.08 is less negative

c� 2014 RAS, MNRAS 000, 1–8
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Table 1. Observed mass bias in the I14 sample, for several choices of X-ray masses. Columns 2 and 3 give the slope P and intercept Q
of the general best-fit relation (Eq. 5) between Chandra and XMM-Newton masses. Column 4 shows the X-ray calibration bias, i.e. the

mean and standard error of �Mxmm
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500 �) and for the Mwl
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served by Chandra. Error bars inscribed in the symbols denote
the uncertainty in Mxmm

500 due to the uncertainties in the ACIS–
combined XMM and timestamp conversions. For illustrative pur-
poses, the timestamp correction is not applied to the MCXO
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its inverse to the Mxmm

500 . The solid line marks the linear best
fit. A dashed line marks the best-fit relation when the di�erent
Chandra calibration timestamps are not taken into account. For
the latter case, data points are not shown for the sake of clarity.
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samples.

For the eight clusters, we now find a pronounced bias of
blog = �0.08+0.10

�0.08, compared to blog = 0.02+0.10
�0.8 from Chan-

dra, using the updated Monte Carlo method. For the low-
mass sub-sample, Mxmm

500 and MWL
500 are consistent (blog =

0.02+0.16
�0.12); while for the high-mass sub-sample, we measure

blog = �0.19+0.11
�0.10, i.e. Mxmm

500 that are smaller than WL

masses by a similar amount as the MPl of vdL14 (cf. Fig. 3).

Figure 3. Ratio between the pseudo-XMM-Newton hydrostatic
mass Mxmm

500 , with timestamp correction, and the I14 WL mass
Mwl

500 as a function of Mwl
500. Short-dashed lines and light grey

shading denote the logarithmic bias blog = �log Mxmm�log Mwl�
obtained from averaging over Monte Carlo realisations. We also
show blog for the low-Mwl and high-Mwl clusters separately, with
the 1� uncertainties presented as boxes, for sake of clarity. As a
visual aid, a dot-dashed line depicts the Monte Carlo best-fit of
log (Mxmm/Mwl) as a function of Mwl. Empty symbols and the
triple-dot-dashed line denote the MCXO

500 case. Compare to Fig. 2A
in I14.

We repeat our analysis for a few modifications high-
lighting the relative importance of various contributing fac-
tors: First, we find that Chandra masses, converted to the
newer CalDB v4.2 and the 0.7–7 keV band are systemati-
cally lower than for the V09a calibration and energy range.
The Chandra-only timestamp calibration already accounts
for � 30 % of the di�erence with XMM-Newton: blog =
�0.01+0.10

�0.09, a di�erence of �blog =�0.03 (Table 1). This re-
sult is consistent with the higher masses the V09a pipeline
returns in the Rozo et al. (2014b,a) cross-calibration stud-
ies. Conversely, omitting the timestamps correction moves
up the Mxmm

500 , such that blog = �0.05+0.10
�0.08 is less negative

c� 2014 RAS, MNRAS 000, 1–8

Conclusion:!Given!the!Planck!
cluster!masses,!if!an!(unlikely)!un6
corrected!�20!per!cent!calibra=on!
bias!existed,!this!tension!would!
be!eased,!but!not!resolved.!

A challenge for Euclid? 
How well can Charge Transfer 
Inefficiency be corrected? 

Friday Lunchtime Astrophysics Talk 
2015-01-23 
 
Holger Israel 

Please!talk!to!me!or!write!to:!
holger.israel@durham.ac.uk!



Towards fast and accurate massive 
galaxy mocks using Lagrangian methods
Albert Izard · Martin Crocce · Pablo Fosalba
Institut de Ciències de l’Espai, IEEC-CSIC

�2
t xres(t) = ���(t) � �2

t xLPT(t)The COLA method:

See halo clustering in real and redshift space in the poster



Theoretical and Observational Progress on Large-scale Structure of the Universe

Garching, July 20-24, 2015

Generating fast and accurate 
mock galaxy catalogues of low mass galaxies

COLA 10 time-step
simulation
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The standard model of large-scale structure (LSS) formation and
halo formation is based on collisionless cold dark matter (CDM),
a particle species that for purposes of LSS and halo formation can
be assumed to interact only gravitationally and to be cold or ini-
tially single-streaming. We are therefore interested in the dynam-
ics of a large collection of identical point particles that via gravi-
tational instability evolve from initially small density perturbations
into eventually bound structures, like halos that are distributed along
the loosely bound LSS composed of superclusters, sheets, and fil-
aments. All these structures depend on cosmological parameters,
in particular the background energy density of CDM and the cos-
mological constant during the various epochs we can observe. We
therefore require accurate modelling and theoretical understanding
of CDM dynamics.

Introduction

The Schrödinger method, originally proposed by
[Widrow and Kaiser, 1993] as numerical technique based on
the Schrödinger Poisson equation is an analytical tool to study
CDM dynamics which is superior to the pressureless fluid or dust
model, the common standard and basis of Eulerian and Lagrangian
perturbation theory. In the single-stream regime the two.

Main results

Fig. 1: Comparison of the displacement field � obtained from the Z-simulations
(colored histograms) using a smoothing length of size R = RL (red), R = 4RL

(green) and R = RL/4 (yellow) to the exact result from the DEUS N-body
for proto-halos with Lagrangian radii RL = 2.18 Mpc/h (upper panel) and
RL = 8.7 Mpc/h (lower panel).
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For analysing observations of large scale structure one is interested
in n-point correlation functions of the phase space density. Of par-
ticular interest is the 2-point correlation function in redshift space
relevant to observations made in galaxy surveys 1+�X(s = s1�s2) =�
(1 + �X(s1))(1 + �X(s2))

�
. For biased tracers X like halos one as-

sumes that proto-halos identified in the linear initial conditions are
conserved until they form a proper halo at time t. The proto-halo ini-
tial density field is assumed to be a local function F[�R(q), t] of the
smoothed initial linear density field �R(q). The displacement field
�(q) determines how initial positions q of proto-halos are mapped
to final positions r. Translating positions r to observed redshifts
s requires to take peculiar velocities along the line of sight ẑ into
account, a�ecting the observed redshift s = r + (v · ẑ/H) ẑ due to
Doppler shift.

1 + �X(s, t) =
�

d3q F[�R(q), t] � �D
�
s � q ��(q, t) � v(q, t) · ẑ

H ẑ
�
.

(1)

We studied the redshift space correlation function on the basis of
the coarse-grained dust model [Kopp et al., 2014] using the Gaussian
streaming model combined with Convolution Lagrangian perturba-
tion theory (CLPT) [Carlson et al., 2013], see Fig. 2. Indeed, this is
identical to the “truncated” Zel’dovich approximation in 1st order
Lagrangian perturbation theory [Melott et al., 1994], but generalizes
it to higher order perturbation theory leading to the truncated CLPT.
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Fig. 2: Redshift space quadrupole �2 and hexadecapole �4 for halos comparing
CLPT from [Wang et al., 2014] (blue), truncated CLPT (magenta) and the hybrid
model advocated in [Kopp et al., 2014] (red).

Gaussian streaming model

Correlation functions

We study the standard toy example of pancake or plane parallel
collapse, whose exact solution in the case of dust is given by the
Zel’dovich approximation [Zel’dovich, 1970]. We therefore have
analytic expressions for nd and �d.
Nearly cold initial conditions can be implemented by choosing as
initial wave function

�ini(x) =
�

nd(aini, x) exp
�
i�d(aini, x)/�

�
, (2)

at some early time where shell crossings haven’t occurred yet.

Pancake toy collapse

single stream regime
(apart from �-smearing)
identical to dust

no singularity at
shell crossing

multi-
stream

virialization

The coarse-grained dust model , see [Uhlemann and Kopp, 2014]

f̄d(x, p) =
�

d3 x̃
N�x

d3 p̃
N�p

exp
�
������

(x � x̃)2

2�x2 � (p� p̃)2

2�p2

�
����� fd(x̃, p̃) , (3)

is much closer to the distribution extracted from N-body simu-
lations, which necessarily involves averaging over phase space
cells of width �x and �p. Indeed, it results in a resummation in
the large scale parameter of the macroscopic model suggested
by [Dominguez, 2000]. The coarse-graining naturally leads to a
mass-weighted velocity thereby generating large-scale vorticity also
observed in N-body measurements [Hahn et al., 2014], see Fig. 3.
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Fig. 3: Power spectrum of vorticity w = � � v in 1-loop Eulerian perturbation
theory for coarse-grained dust (cgSPT) and three di�erent smoothing scales.

Large scale vorticity

Coarse-grained dust model

Correlation functions .

Prospects
Ê

Ê

ÊÊÊÊÊÊ
ÊÊÊÊ

ÊÊ
ÊÊÊÊÊ

ÊÊÊ
ÊÊ
ÊÊÊÊÊÊ

ÊÊ
Ê
Ê
ÊÊÊÊÊÊÊÊ

ÊÊÊÊ
ÊÊÊ
Ê
ÊÊÊ
ÊÊÊÊ

Ê

Ê
Ê

ÊÊÊ

Ê Halo catalog of Horizon Run 2

Kaiser

Post-Zel'dovich

Truncated Post-Zel'dovich

0 20 40 60 80 100 120
0

20

40

60

80

Distance in Mpcêh

-
Q
ua
dr
up
ol
e
â
D
ist
an
ce
2



Cold imprint of supervoids in the CMB 
reconsidered with Planck and BOSS

András Kovács & Benjamin R. Granett

Voids ordered by radius

-9.8±4.8 μK imprint in the CMB 

Photo-z voids

DR12 density profiles

Granett+ 2008

Spec-z voids

with Adam Hawken
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local bias of dark matter halos

Titouan Lazeyras
with C. Wagner, T. Baldauf and F. Schmidt



Optimization of kSZ measurements  with a reconstructed 
cosmological flow field  

Ming Li   NAOC CHINA

MNRAS 443, 2311–2326 (2014) and an ongoing work with application to PLANCK, redMaPPer and Jens Jasche’s velocity data

extra velocity field from LSS survey

cluster samples CMB maps
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linc.tw Chieh-An Lin (CEA Saclay)

A fast stochastic approach for cosmological constraints
using weak-lensing peak counts

A new model to predict WL peak counts:

Fast, Flexible, Full PDF information

A robust and efficient constraining method:

Approximate Bayesian computation



Gravitational Signals from 
Noise in the Hubble Diagram

Ed Macaulay
e.macaulay@uq.edu.au



Modelling the Large Scale Structure 
in massive neutrino cosmologies

Elena Massara 
SISSA - Trieste - Italy

Supervisors: Ravi Sheth, Matteo Viel 
Collaborators: Paul M. Sutter, Francisco Villaescusa-Navarro



Halo detection via large-scale structure inference

Alexander Merson 
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& Matthew Colless) 

!
• Proof of concept of a 

Bayesian methodology for 
halo detection in galaxy 
survey data. 

!
• Use large-scale structure 

inference algorithm 
(HADES) applied to semi-
analytical galaxy mock 
catalogue to build maps 
of halo detection 
probability.
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Constraining the Galaxy mass content in cluster cores using Strong Lensing and velocity dispersion measurements
Monna A., Seitz S., Zitrin A. et al. 2015

(2015MNRAS.447.1224M)
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Relations


