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IT’S A QUITE DARK UNIVERSE !
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Cosmological Tensions

Hubble tension

Ezquiaga et al., Front.Astron.Space Sci. (2018) 

di Valentino et al.,  Class. Quantum Grav. 38, 1523001 (2021)



Cosmological Tensions

Vivien Bonvin / HOLiCOW Team

CMB inferences of H  depend on cosmological 
model (connecting early Universe to today)

0

BAO inferences of H  depend on anchoring of 
sound horizon (at drag epoch)

0

SNe inferences of H  depend on calibration of 
absolute magnitude (via distance ladder)

0

SLTD inferences of H  are effectively calibration 
dependent (cause of strong dependence on lens 

mass model)

0

relying on details of LCDM model at z>1000 

relying on details of LCDM model at low z 

Early:

Late:



SYSTEMATICS: many sources of systematics have been taken into account, especially by 
the SH0ES team. There remain the possibility of some unknown/

underestimated systematics….

NEW PHYSICS: extensions of the standard model of Cosmology (early DE, late DE, 
neutrino sector, etc..) can alleviate somewhat the tension

Systematics or new Physics?

Planck 2018 Planck 2018



Systematics or new Physics?

Riess et al., Astrophys.J. 876 (2019) 1, 85



Cosmological Tensions
S  tension8

C. Heymans et al., “KiDS-1000 Cosmology: Multi-probe weak gravitational 
lensing and spectroscopic galaxy clustering constraints,” 7, 2020



How does Gravity look like on large scales?

What is the nature of dark matter?

What is the physics of dark energy?

How about inflation?

Long standing questions

www.nasa.govwww.nasa.gov



Tests of Gravity

Baker, Psaltis, Skordis,  Astrophys.J. 802 (2015)
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What has data told us so far ?

Are we really sure that GR correctly 
describes gravity on cosmological scales?



We can capture the large scale behavior of gravity in few phenomenological functions:

Lensing:

Clustering:

Expansion:

Theoretical Framework 
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Planck 2018Huterer et al., Rep. Prog. Phys., 2017
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What awaits us?



…

Model cumulative Information Gain

Raveri, Martinelli, Zhao, Wang, CosmicFish/arXiv:1606.06273

Information Gain in Cosmology
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Euclid

Euclid is an ESA M-class mission designed to 
explore the dark universe using:
 
- Weak lensing by large scale structure
- Clustering of galaxies

It will do so with an Optical + NIR imaging  
survey resulting in shapes and photometric 
redshifts for 2x109 galaxies. And a slitless NIR 
spectroscopic survey for 35x107 galaxies.



Euclid

During the 6 years of the survey, Euclid will collect more than 500,000 visible and NIR 
images that will be transferred to Earth on a daily basis cadence.

About 10 billion sources will be observed by Euclid, out of which more than 1 billion 
will be used for weak lensing, and about 30 million galaxy redshifts will be obtained. 
The Science Ground Segment is a most challenging part of this mission and represents about 
50% of the resources provided by the Euclid Consortium.

Euclid will be equipped with a 1.2m diameter Silicon Carbide mirror telescope made by 
Airbus, feeding 2 instruments built by the Euclid Consortium: 

a near infrared 3-filter (Y, J, H) photometer (NISP-P) & a slitless spectrograph (NISP-S)

a high quality panoramic visible imager (VIS)

With these instruments physicists will probe the expansion history of the Universe and the 
evolution of cosmic structures by measuring the modification of shapes of galaxies induced by 
gravitational lensing effects of DM and the 3D distribution of structures from spectroscopic 
redshifts of galaxies.



DR1: 2500 deg2 DR2: 7500 deg2

Q3/2023 Q1/2024

start of surveyEuclid launch DR3: 15000 deg2

Euclid

The VIS and NISP instruments on Euclid’s payload 
module. Credit: Airbus

The supporting structure of the telescope’s secondary mirror 
for ESA’s Euclid spacecraft being brought together for final 

integration and optical alignment at Airbus in Toulouse, France. 
Credit: Airbus



Euclid

The telescope is a 1.2 m on axis 3-mirror Korsch cold telescope providing a field of view of 1.25 x 0.727 deg2. M1 is maintained at temperature below 130K 
with thermal stability better than 50mK. The mirrors and structures are all made in Silicon Carbide, a material with excellent thermo-elasticity and stifness and 
immune to radiations. The telescope design comprises a 3 degree-of-freedom mechanism for M2 focus and tilt correction that allows Airbus Defence and 
Space division to meet all requirements on the image quality for weak lensing science (ellipticity, FWHM, R2 and encircled energy) .

Overview of the spacecraft. These artist views are based on the CAD drawings by Thales Alenia Space, Italy and Airbus (Defence and Space) , France.- © ESA

https://www.thalesgroup.com/en/worldwide/space
http://www.airbus.com/space.html


Once at its nominal L2 Sun-Earth Lagrangian position, Euclid will start a 6 years observing 
campaign completing:

Three Euclid Deep Fields about 2 magnitude deeper than the wide survey, covering around 
40 deg^2 in total. These will be used primarily for calibrations of the wide survey data, but will 
also extend the scientific scope of the mission to faint high redshift galaxies, quasars and AGNs.

One Euclid Wider Survey covering 15,000 deg^2 of the darkest sky (away from Galaxy and 
Solar System contamination). This is the core of the DE mission, out of which weak lensing, 
baryon acoustic oscillations and redshift space distortion signal will be measured.



A taste of what is to come…

Credit: NASA/JPL-Caltech (left), NASA/ESA/CSA/STScl (right)



Euclid

Cosmology and Fundamental Physics with the Euclid Satellite, Living Rev. Relativity, 16, (2013), 6

Euclid will explore how the Universe evolved over the past 10 billion years to address 
questions related to fundamental physics and cosmology on the nature of Dark Energy, Dark 

Matter and Gravity. It will also provide insightful information on the physics of the Early 
Universe and on the Initial Conditions which seed the formation of cosmic structure.

On more quantitative terms, the Main Scientific Objectives are:
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Synergies

EUCLID-RUBIN SYNERGIES: A SUMMARY FOR THE OCTOBER, 2020 IN2P3 SCIENTIFIC COUNCIL The IN2P3 Rubin & Euclid Teams 
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It is only with supplementary optical band data from ground-based experiments such as Rubin, DES and 
CFHT that Euclid will be able to get a full complement of photometric redshifts.



Euclid will be a major step forward!

Heymans et al. (2021)

Euclid



Euclid will be a major step forward!

1-10% on 𝜇, 𝛴 

1% on w(a)



➔ LOTS OF POTENTIAL INFORMATION

But we must achieve precision & accuracy



Everything matters!

Data vector: 
 shapes  
redshifts  

PSF errors 
…

Theory vector: 
 cosmology 

new physics! 
baryon physics 

intrinsic alignments 
…

Covariance 
 cosmology 

survey properties 
…

Is it Gaussian? Do we need data compression?

courtesy of Henk Hoekstra



Euclid Collaboration: Blanchard et al. (2020)

Percent precision on the dark energy equation-of-state requires the combination of probes.

Probe combination



Probe combination
The combination of photometric probes gives very competitive constraints, giving sub-% constraints 

on standard parameters, as well as tight constraints on non-standard ones (e.g. DE)

Euclid preparation VII: Forecast Validation for Euclid Cosmological Probes, 
A.Blanchard et al. (A&A 642, A191, 2020)



Probe combination
The full 3x2pt combination of photometric observables gives considerable improvement in the 
constraining power, in particular on DE parameters, thanks to the breaking of degeneracies with 

nuisance parameters (galaxy bias and IA)

Euclid: The importance of galaxy clustering and weak lensing cross-correlations within the photometric 
Euclid survey, I.Tutusaus et al. (A&A 643, A70, 2020)



Euclid Collaboration: Blanchard et al. (2020)

Including small scales helps a lot …

Non-linearities



…as long as you apply correct modelling!

a mismatch between the cosmological models assumed for numerical simulations and reality, as well 
as a bad modelling of astrophysical effects on small scales, would hinder the accuracy of the results. 

Euclid: Impact of non-linear and baryonic feedback prescriptions on cosmological parameter estimation 
from weak lensing cosmic shear, M.Martinelli et al. (A&A 649, A100, 2020)



Non-linearities

courtesy of Alkistis Pourtsidou (IST:NL)



Non-linearities

courtesy of Alkistis Pourtsidou (IST:NL)



matter and metric perturbations 
+ 

theory

EINSTEIN-BOLTZMANN 
 SOLVER 
e.g. CAMB

From Theory to Observables



hi_class
hiclass-code.net

EFTCAMB
eftcamb.org

COOP
cita.utoronto.ca/~zqhuang/coopα

Gal-CAMB

ř

CLASS-LVDM

BD-CAMB
DASh-BD
CLASSig

NL-CAMB

NL-CLASS

CLASS_EOS_fR

Phys. Rev. D 97, 023520 (2018), arXiv:1709.09135

Validation of codes for late time cosmology



Theoretical landscape

with focus on DE/MG !

Beyond LCDM



Can we maximize the information gain and at 

 the same time minimize the theoretical bias?



Can we maximize the information gain and at 

 the same time minimize the theoretical bias?

DISCLAIMER: personal research ahead!



Reconstructing Gravity

z=1000
z=4z=3z=0

(a=0.2)(a=0.25)(a=1)

We bin the functions in time:

The three functions are represented by their values at 11 discrete values (nodes) 
of a, with a cubic spline used to interpolate between them. 
From the 11 nodes, 10 are distributed uniformly in the interval a ∈ [1, 0.25] 
(corresponding to z ∈ [0, 3]) with another one at a = 0.2 (z = 4). 

The functions are made to approach their ΛCDM values at higher redshifts (studying 
earlier times deviations from GR is generally possible within the same framework) .
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The data

And we fit all the resulting parameters, along with the standard cosmological ones to 
two combinations of data sets:

BASELINE: CMB + SN + BAO

BASELINE+LSS:  CMB + SN + BA0-RSD + DES

BAO: eBOSS DR16 BAO compilation + 6dF, covering 0.07<z<3.5

RSD: eBOSS joint measurement of BAO and RSD for LRGs, ELGs and QSOs 

SN: Pantheon sample 0.01<z<2.3

DES: DES-Y1 3x2pt correlation functions of galaxy clustering, cosmic shear, galaxy-
galaxy lensing; sources in 0.2<z<1.3 (with non-linear cut)

CMB: Planck2018 temperature, polarization and the reconstructed CMB weak 
lensing spectra 
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Correlated Prior

We would like to add a theory-motivated correlation prior, to
(mildly) correlate the values of the functions in neighbouring bins. 

This will ease convergence for high number of nodes and smooth 
out (unphysical) variations of the functions with redshift.

We focus on Horndeski gravity



Raveri, Bull, AS, Pogosian, PRD 2017

Sampling Horndeski
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a0 = 0, 1
<latexit sha1_base64="5HltDlRUDRRh99888pkvJ/kX/GQ=">AAACCnicdVBNS8NAEN3Ur1q/oh69rBbBg5ZERD0WvXhUsCokIUy2U7t0swm7G6EEz178K148KOLVX+DNf+O2VvDzwTCP92bYnZfkgmvjeW9OZWx8YnKqOl2bmZ2bX3AXl850ViiGLZaJTF0koFFwiS3DjcCLXCGkicDzpHc48M+vUGmeyVPTzzFK4VLyDmdgrBS7qyGIvAux3KRhggbilIaYay4ySYMtf9OPYrfuNXa8Aehv4jeG3auTEY5j9zVsZ6xIURomQOvA93ITlaAMZwKva2GhMQfWg0sMLJWQoo7K4SnXdN0qbdrJlC1p6FD9ulFCqnU/TexkCqarf3oD8S8vKExnPyq5zAuDkn081CkENRkd5ELbXCEzom8JMMXtXynrggJmbHo1G8LnpfR/crbd8Hcb/slOvXkwiqNKVsga2SA+2SNNckSOSYswckPuyAN5dG6de+fJef4YrTijnWXyDc7LOzdzmU8=</latexit>

↵n,�m✏[�1, 1]
<latexit sha1_base64="OzT3zM5rXxkLNxnJ+PxiKmR8YTE=">AAAB7HicdVDLSsNAFL2pr1pfVZduBosgCCGR4mMhFN24USqYttCGMplO2qGTSZiZCCX0G9y4UMStH+TOv3HSVvB5YJjDOfdy7z1BwpnSjvNuFebmFxaXisulldW19Y3y5lZDxakk1CMxj2UrwIpyJqinmea0lUiKo4DTZjC8yP3mHZWKxeJWjxLqR7gvWMgI1kbyrg6uz0675YpjV50c6Ddx7cnvVGCGerf81unFJI2o0IRjpdquk2g/w1Izwum41EkVTTAZ4j5tGypwRJWfTZYdoz2j9FAYS/OERhP1a0eGI6VGUWAqI6wH6qeXi3957VSHJ37GRJJqKsh0UJhypGOUX456TFKi+cgQTCQzuyIywBITbfIpmRA+L0X/k8ah7R7Z7k21UjufxVGEHdiFfXDhGGpwCXXwgACDe3iEJ0tYD9az9TItLViznm34Buv1A7kFjfo=</latexit>

M +N = 9

<latexit sha1_base64="Pm00TzWvxuRjw4jIUJ8v8sJt1QU=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkqMegF49RzALJEHo6PUmTnp6hu0YIQ/7AiwdFvPpH3vwbO4vg+qDpx3tVVNULUykMet67U1haXlldK66XNja3tnfKu3tNk2Sa8QZLZKLbITVcCsUbKFDydqo5jUPJW+Hocuq37rg2IlG3OE55ENOBEpFgFK1008175YrnVr0pyG/iu7Pfq8AC9V75rdtPWBZzhUxSYzq+l2KQU42CST4pdTPDU8pGdMA7lioacxPks00n5MgqfRIl2j6FZKZ+7chpbMw4Dm1lTHFofnpT8S+vk2F0HuRCpRlyxeaDokwSTMj0bNIXmjOUY0so08LuStiQasrQhlOyIXxeSv4nzRPXP3X962qldrGIowgHcAjH4MMZ1OAK6tAABhHcwyM8OSPnwXl2XualBWfRsw/f4Lx+AK74jXc=</latexit>

{

<latexit sha1_base64="fJEorfhwKWdZ6W7mYGWLRj/KZ80=">AAACB3icdVDLSgMxFM3UV62vUZeCBIvgQsuMlOqy6MZlBfuAzlgymUwbmmSGJCOUoTs3/oobF4q49Rfc+Tdm2go+Twj3cM69JPcECaNKO867VZibX1hcKi6XVlbX1jfsza2WilOJSRPHLJadACnCqCBNTTUjnUQSxANG2sHwPPfbN0QqGosrPUqIz1Ff0IhipI3Us3dd57oKj6ApNegd5ifzJIc8DglT455ddipVJwf8TdzKpDplMEOjZ795YYxTToTGDCnVdZ1E+xmSmmJGxiUvVSRBeIj6pGuoQJwoP5vsMYb7RglhFEtzhYYT9etEhrhSIx6YTo70QP30cvEvr5vq6NTPqEhSTQSePhSlDOoY5qHAkEqCNRsZgrCk5q8QD5BEWJvoSiaEz03h/6R1XHFrFfeyWq6fzeIogh2wBw6AC05AHVyABmgCDG7BPXgET9ad9WA9Wy/T1oI1m9kG32C9fgDUOpbN</latexit>
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Raveri, Bull, AS, Pogosian, PRD 2017

Sampling Horndeski

Saving only viable models:
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<latexit sha1_base64="ajrLugqTle8qFEwEVbjWwkWwxPI="></latexit>

f(a) =

PN
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<latexit sha1_base64="tdPeYyQiqzGlpNx0E4GNlI6I3u0=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgQoaMlOpGKLpxWcE+oB1KJs20oZnMkGSEMvQj3LhQxK3f486/MdNW8Hkg5HDOvdx7T5AIrg3G705haXllda24XtrY3NreKe/utXScKsqaNBax6gREM8ElaxpuBOskipEoEKwdjK9yv33HlOaxvDWThPkRGUoeckqMldqkjy/widcvV7BbxTnQb+K5sx9XYIFGv/zWG8Q0jZg0VBCtux5OjJ8RZTgVbFrqpZolhI7JkHUtlSRi2s9m607RkVUGKIyVfdKgmfq1IyOR1pMosJURMSP908vFv7xuasJzP+MySQ2TdD4oTAUyMcpvRwOuGDViYgmhittdER0RRaixCZVsCJ+Xov9J69T1aq53U63ULxdxFOEADuEYPDiDOlxDA5pAYQz38AhPTuI8OM/Oy7y04Cx69uEbnNcPxXyOjA==</latexit>

a0 = 0, 1
<latexit sha1_base64="5HltDlRUDRRh99888pkvJ/kX/GQ=">AAACCnicdVBNS8NAEN3Ur1q/oh69rBbBg5ZERD0WvXhUsCokIUy2U7t0swm7G6EEz178K148KOLVX+DNf+O2VvDzwTCP92bYnZfkgmvjeW9OZWx8YnKqOl2bmZ2bX3AXl850ViiGLZaJTF0koFFwiS3DjcCLXCGkicDzpHc48M+vUGmeyVPTzzFK4VLyDmdgrBS7qyGIvAux3KRhggbilIaYay4ySYMtf9OPYrfuNXa8Aehv4jeG3auTEY5j9zVsZ6xIURomQOvA93ITlaAMZwKva2GhMQfWg0sMLJWQoo7K4SnXdN0qbdrJlC1p6FD9ulFCqnU/TexkCqarf3oD8S8vKExnPyq5zAuDkn081CkENRkd5ELbXCEzom8JMMXtXynrggJmbHo1G8LnpfR/crbd8Hcb/slOvXkwiqNKVsga2SA+2SNNckSOSYswckPuyAN5dG6de+fJef4YrTijnWXyDc7LOzdzmU8=</latexit>

↵n,�m✏[�1, 1]
<latexit sha1_base64="OzT3zM5rXxkLNxnJ+PxiKmR8YTE=">AAAB7HicdVDLSsNAFL2pr1pfVZduBosgCCGR4mMhFN24USqYttCGMplO2qGTSZiZCCX0G9y4UMStH+TOv3HSVvB5YJjDOfdy7z1BwpnSjvNuFebmFxaXisulldW19Y3y5lZDxakk1CMxj2UrwIpyJqinmea0lUiKo4DTZjC8yP3mHZWKxeJWjxLqR7gvWMgI1kbyrg6uz0675YpjV50c6Ddx7cnvVGCGerf81unFJI2o0IRjpdquk2g/w1Izwum41EkVTTAZ4j5tGypwRJWfTZYdoz2j9FAYS/OERhP1a0eGI6VGUWAqI6wH6qeXi3957VSHJ37GRJJqKsh0UJhypGOUX456TFKi+cgQTCQzuyIywBITbfIpmRA+L0X/k8ah7R7Z7k21UjufxVGEHdiFfXDhGGpwCXXwgACDe3iEJ0tYD9az9TItLViznm34Buv1A7kFjfo=</latexit>

M +N = 9

<latexit sha1_base64="Pm00TzWvxuRjw4jIUJ8v8sJt1QU=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkqMegF49RzALJEHo6PUmTnp6hu0YIQ/7AiwdFvPpH3vwbO4vg+qDpx3tVVNULUykMet67U1haXlldK66XNja3tnfKu3tNk2Sa8QZLZKLbITVcCsUbKFDydqo5jUPJW+Hocuq37rg2IlG3OE55ENOBEpFgFK1008175YrnVr0pyG/iu7Pfq8AC9V75rdtPWBZzhUxSYzq+l2KQU42CST4pdTPDU8pGdMA7lioacxPks00n5MgqfRIl2j6FZKZ+7chpbMw4Dm1lTHFofnpT8S+vk2F0HuRCpRlyxeaDokwSTMj0bNIXmjOUY0so08LuStiQasrQhlOyIXxeSv4nzRPXP3X962qldrGIowgHcAjH4MMZ1OAK6tAABhHcwyM8OSPnwXl2XualBWfRsw/f4Lx+AK74jXc=</latexit>

{

<latexit sha1_base64="fJEorfhwKWdZ6W7mYGWLRj/KZ80=">AAACB3icdVDLSgMxFM3UV62vUZeCBIvgQsuMlOqy6MZlBfuAzlgymUwbmmSGJCOUoTs3/oobF4q49Rfc+Tdm2go+Twj3cM69JPcECaNKO867VZibX1hcKi6XVlbX1jfsza2WilOJSRPHLJadACnCqCBNTTUjnUQSxANG2sHwPPfbN0QqGosrPUqIz1Ff0IhipI3Us3dd57oKj6ApNegd5ifzJIc8DglT455ddipVJwf8TdzKpDplMEOjZ795YYxTToTGDCnVdZ1E+xmSmmJGxiUvVSRBeIj6pGuoQJwoP5vsMYb7RglhFEtzhYYT9etEhrhSIx6YTo70QP30cvEvr5vq6NTPqEhSTQSePhSlDOoY5qHAkEqCNRsZgrCk5q8QD5BEWJvoSiaEz03h/6R1XHFrFfeyWq6fzeIogh2wBw6AC05AHVyABmgCDG7BPXgET9ad9WA9Wy/T1oI1m9kG32C9fgDUOpbN</latexit>

104 � 106 models



Reconstructed Gravity
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Pogosian et al., Nature Astronomy (2022), arXiv:2107.12992



Reconstructed Gravity - gravitational slip
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<latexit sha1_base64="W3mkYfs9ARgomElaFb/BQFTkVX0=">AAACBXicdVDLSgMxFM3UV62vqktdBIvgxjJTiroRim5cVrQP6AzlTpppQ5OZIckIZejGjb/ixoUibv0Hd/6NmbaCzwOXezjnXpJ7/JgzpW373crNzS8sLuWXCyura+sbxc2tpooSSWiDRDySbR8U5SykDc00p+1YUhA+py1/eJ75rRsqFYvCaz2KqSegH7KAEdBG6hZ33T4IAaduIIGkFfeK9QWMU1ck40OnWyzZ5aqdAf8mTnnS7RKaod4tvrm9iCSChppwUKrj2LH2UpCaEU7HBTdRNAYyhD7tGBqCoMpLJ1eM8b5RejiIpKlQ44n6dSMFodRI+GZSgB6on14m/uV1Eh2ceCkL40TTkEwfChKOdYSzSHCPSUo0HxkCRDLzV0wGYPLQJriCCeHzUvw/aVbKzlHZuayWamezOPJoB+2hA+SgY1RDF6iOGoigW3SPHtGTdWc9WM/Wy3Q0Z812ttE3WK8fTrSYdA==</latexit>
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A closer look at ∑
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How about the tensions?
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How good bad  are common parametrizations?
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<latexit sha1_base64="2sJhgyqylau2L++Q/7Z81LiXmOc=">AAACD3icdVDLSgMxFM3UV62vqks3waJUhDIjRd0IxQe4s6J9QKcMd9K0DU1mhiQjlKF/4MZfceNCEbdu3fk3pg/B54HLPZxzL8k9fsSZ0rb9bqWmpmdm59LzmYXFpeWV7OpaVYWxJLRCQh7Kug+KchbQimaa03okKQif05rfOxn6tRsqFQuDa92PaFNAJ2BtRkAbyctuu1esIyAPO0fO7ph7tnshaAe8xJUCn54NjOllc3ahaA+BfxOnMOp2Dk1Q9rJvbisksaCBJhyUajh2pJsJSM0Ip4OMGysaAelBhzYMDUBQ1UxG9wzwllFauB1KU4HGI/XrRgJCqb7wzaQA3VU/vaH4l9eIdfuwmbAgijUNyPihdsyxDvEwHNxikhLN+4YAkcz8FZMuSCDaRJgxIXxeiv8n1b2Cs19wLou50vEkjjTaQJsojxx0gEroHJVRBRF0i+7RI3qy7qwH69l6GY+mrMnOOvoG6/UDMISa3w==</latexit>

⌃(a) = 1 + ⌃0⌦DE(a)

<latexit sha1_base64="YsJ1Qz/Oqz4c03+EYPjNqGtjrwo=">AAACCXicdVDLSsNAFJ3UV62vqEs3g0WoCCGRom6E4gPcWcE+oAlhMp20Q2eSMDMRSujWjb/ixoUibv0Dd/6Nk7aCzwOXezjnXmbuCRJGpbLtd6MwMzs3v1BcLC0tr6yumesbTRmnApMGjlks2gGShNGINBRVjLQTQRAPGGkFg9Pcb90QIWkcXathQjyOehENKUZKS74JXZ5W0O6xs6eJb7uXnPSQn7mCw7PzkXZ8s2xbVTsH/E0ca9ztMpii7ptvbjfGKSeRwgxJ2XHsRHkZEopiRkYlN5UkQXiAeqSjaYQ4kV42vmQEd7TShWEsdEUKjtWvGxniUg55oCc5Un3508vFv7xOqsIjL6NRkioS4clDYcqgimEeC+xSQbBiQ00QFlT/FeI+EggrHV5Jh/B5KfyfNPct58Byrqrl2sk0jiLYAtugAhxwCGrgAtRBA2BwC+7BI3gy7owH49l4mYwWjOnOJvgG4/UD06SYhQ==</latexit>

µ(a) = 1 + µ0⌦DE(a)



Exciting and busy times are awaiting us, as we prepare to play 
ball with the Universe!


