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DES mass map from weak lensing 



Outline

w The Local Group: motion and mass
w Cosmology from the Dark Energy Survey
w H0 from Gravitational Wave bright and dark 

sirens
w Big Data in Cosmology 



1990:The CMB vs IRAS dipoles
in C.              in CDM/PIB



Weighing the Local Group
in the presence of Dark Energy

w At present the Milky Way and Andromeda galaxies are 
separated by r=784 kpc and are “falling” towards each other at 
v=130 km/sec.

w Given the age of the universe t=13.8 Gyr and Dark Energy 
fraction of 70% we find that the mass is 
(4.73 +- 1.03) x 1012 Msun

w 13% more massive than in the absence of Dark Energy
Without Λ: Kahn & Waltjer (1959), Lynden-Bell (1981)
With Lambda: Binney & Tremaine (2008), Partridge, OL & Hoffman (2012), 

McLeod et al. (2017), McLeod & OL (2019, in prep), Benisty et al. (2019, in prep)

a   = -GM/r2 +  Λ/3  r 



LG mass with Machine Learning and 
Multidark simulations

5McLeod, Libeskind, Hoffman & OL (2017)  



The Two Body Problem in the 
Presence of Dark Energy and 

Modified Gravity

McLeod & OL (2019, in prep)



LG mass in different models
(assuming MW-M31 on first encounter)

McLeod & OL (2019, in prep)



The LG mass with Multiple 
encounters 

With one past encounter MOND gets the standard Baryonic matter

Benisty, Gundelman & OL  2019 (in prep)
Cf. Zaho et al. (2013), Banik et al. (2018), 
Bilek et al. (2018) 



In a static universe:

Modified Newtonian

Modified GR

Einstein 1917 Lambda
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Einstein (February 1917) 
English translation: http://einsteinpapers.press.princeton.edu/vol6-trans/433?ajax



Probes of Dark Energy
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Galaxy surveys timeline
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Euclid

LSST

DESI
1 of 6 
lenses
@ UCL



The Dark Energy Survey
*    Multi-probe approach

Wide field: Cluster Counts,
Weak Lensing, Large Scale Structure
Time domain: Supernovae 

*    Survey strategy
- 300 million galaxies with photometric redshifts 
- 2500 SN Ia

*    Over 400 scientists from 7 countries

*    6th (last) year of observations just completed -
758 nights in total

*    ~ 200 DES papers on the arXiv

CTIO
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• Strong support to Einstein’s Cosmological 
Constant:
w=-1.00  +- 0.05 from LSS, WL and SNIa

• On the path to measuring neutrino mass < 
0.29 eV

• Optical flash from the Binary Neutron Star 
gravitational wave event 

DES key results   



3x2pt statistic: DES Year 1 (1300 sq deg) results 
from galaxy clustering (650K LRGs)

and weak lensing (26M source galaxies) 

• DES vs Planck CMB:  
differ in central values, 
but consistent according
to Bayesian Evidence in the full
parameter space.

from DES+Planck+BAO+SNIa
w= -1.00 -0.05

+0.04

Neutrino mass < 0.29 eV 
• DES  final (Year 5) analysis will 

include ~4 times Year 1 data 
and additional probes (clusters, 
supernovae)

DES Collaboration 2017
arXiv:1708.01530 (revised) matter density  
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Mass mapping from DES WL

Jeffery, N. et al. 
arXiv:1801.08945 



DES SN Ia results (Nov 2018)
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DES collaboration, 1811.02374



DES SN Ia (Nov 2018)

17w = −0.978 � 0.059, and Ωm = 0.321 � 0.018 

DES collaboration, 1811.02374



Tension in LCDM? 
w Hubble constant: 
h = 0.67 (Planck) or 
h = 0.73 (Cepheids +SN IA) ?  
w The amplitude Sigma8 in Planck vs WL 
w Anomalies: the CMB Cold Spot
w Tests of GR on large scales => Modified 

Gravity? 
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Gravitational Waves: 
The visible light from the Kilonova

fading away

=> 

Galaxy NGC 4993, 
130 million light years away 



DECam/DES image of GW170817
in galaxy NGC4993 

Soares-Santos & DES
arXiv:1710.05459

Palmese, Hartley,..OL,  & DES
arXiv:1710.06748



The Hubble constant H0 from 
GW170817

w Hubble Constant from GW standard siren:
H0 = vH/d = 70 ( + 12 

-8)  km/sec/Mpc
With these 68% CL, consistent with both 
Planck and SNIa, which are in tension with each 

other.

Abbott et al, Nature 2017 



H0 from one Dark Siren + 
77k DES galaxies

Soaers-Santos, Palmese, Hartley...OL & DES, LVC; 1901.01540  



Big Data in Astronomy 

Survey Data volume per
night/day

Galaxies Cost Scientists

DES (2012-) 1 TeraB ~300 Million ~$40M ~400

DESI (2019-) 40 GigaB ~35 Million ~$70M ~600

LSST (2021-) 15 TeraB ~1 Billion ~$1.0B ~1000

Euclid (2021-) 850 GigaB ~1 Billion ~$1.5B ~1500

SKA (2020-) 1 PetaB ~1 Billion ~$1.3B ~1000
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Artificial Intelligence, 
Machine Learning, 

Deep Learning
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Inference from Big Data 
(e.g.Bayesian cosmological 

parameter estimation)

Artificial Intelligence
(e.g  automated 

classification of galaxies) 

Machine Learning
(e.g. photo-z  with ANN, 

ANNZ, Supernovae 
classification)

Deep Learning
(e.g.  for dark matter 

mapping, group and  cluster  
masses)  



Machine Learning in Astronomy
w Machine learning examples from Astronomy:

- Classification:
galaxy type, star/galaxy, Supernovae Ia,
strong gravitational lensing

- Photo-z
- Mass of the Local Group
- The search for Planet 9 and exo-planets
-Gravitational Waves & follow-ups
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UCL  CDT
in Data Intensive Science

http://www.hep.ucl.ac.uk/cdt-dis/

1st and 2nd cohorts; 26 PhD CDT students at UCL
(~200 students nation-wide in 8 CDTs)



Summary
w ~30 years of LCDM:  supported by most current 

observations, but important to test it further
w Timeline: past (APM, IRAS, 2dF & SDSS,WMAP, 

Planck, …), present (BOSS, DESI, HSC, …), future
(LSST, DESI,  Euclid, WFIRST, SKA,…) 

w What are the prospects for a new paradigm shift, 
beyond LCDM,  e.g. W(z), Modified Gravity ? 

w Spin-offs: GW multi-messengers, Big Data, …

w Data Intensive Science: Great for training of students, 
beyond academia 

w Happy Birthday Nicola! 27



Extra slides



30k LG-like pairs in MultiDark 
simulations 

McLeod, Libeskind, Hoffman & OL (2017)



Open Questions on Dark Energy 
DE equation of state: 

Pressure/density = w(a) = w0 + wa (1-a)
w Is there a fundamental reason for w=-1 (Lambda)?
w Is it on the LHS or RHS of Einstein’s equation? 
w Is there a physical case for w<-1? 
w What is the case for a time-dependent w(z) ?
w When should we stop with w?

(note ‘precision’ vs ‘accuracy’, cf. curvature)
w Does  Anthropic reasoning make sense?
w Is a higher level theory to be discovered, connecting GR 

to Quantum Mechanics and Thermodynamics? Will it take 
another 100 years ?
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From the Big Bang 
to Big Data

w Google: 3.5 Billion Google searches per day 
w LHC: 600 Million collisions per second              

(only 100 per second are ‘interesting’)

w SDSS: 200 Giga(109) Bytes per night
w DES:  1 Tera (1012)  Bytes per night  [300M galaxies]
w LSST: 15 Tera Bytes  per night [1B galaxies]
w Euclid: 850 Giga Byes per day [1B galaxies]
w SKA: 1 Peta (1015) Bytes per day 

w + lots of simulations
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The speed of GW from 
GW170817

w Time delay of 1.7 sec between GRB and 
GW 

w This implies |cGW- cLight |/ cLight <10-15 

w This rules out some (but not all) modified 
gravity models

Abbott et al, ApJ Lett, 2017
arXiv:1710.05834


