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DARK ENERGY

Through Friedmann equations, which are Einstein equation (Gµν = 8πGTµν) in FRWL
metric (ds2 = −dt2 + a2(t)[dr2/(1 − kr2) + r2(dθ2 + sin2θdϕ2)]), we find:

ΩK +ΩΛ +ΩM +ΩR = 1 (1)

q =
Ω

2
(1 + 3ω) (2)

where ΩK = − k
a2H2 , Ωi =

ρi
ρcrit

, ρcrit = 3H2
8πG , p = ωρ, q = − ä

aH2 , H = ȧ
a

Notice that q < 0 if ω < −1/3

High redshift ( 1 + z =
a(t0)
a(ts )

) measurements can say if the Universe expansion is
accelerated or not (Hubble law at 2nd order: H0dL = z + 1

2 (1 − q0)z
2)

Observations say that we are in an accelerated Universe!

So what is going on?
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THE NATURE OF DARK ENERGY

• Beyond Standard Model: new kind of matter (scalar fields with vacuum energy ̸= 0

and with ω < −1/3. For example L = 1
2∂µQ∂µQ + V (Q), if Q̇ << V (Q) then ω ∼ −1)

• Modified General Relativity:
- S = 1

16πG

∫
d4x

√
−gF (ϕ)R

- gravitons mass ̸= 0

ΛCDM COSMOLOGICAL MODEL

In ΛCDM cosmological model ω = −1 and ρΛ = Λ
8πG

∼ const, where Λ is the cosmological
term. The model parameters are: ΩΛ ≃ 0.7 ΩM ≃ 0.3 ΩB ≃ 0.05 ΩR ≃ ΩK ≃ 0; the

difference between ΩM and ΩB is attributed to dark matter

There are different possible explanation to the "dark matter problem", e.g.: 1)PARTICLES, of

which the classic ones are WIMP; 2) MACHOS, almost planetary compact objects; 3) MOND,

F = ma for a > a0 and F = ma2/a0 for a < a0 with a0 ≃ 10−10ms−1; 4)WAVE-LIKE, axions are

the classical candidates.
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THE DARK ENERGY SURVEY

DES is a six-year survey that mapped 5000 deg2 of the southern sky in five broadband
filters using 570 megapixel Dark Energy Camera. The optically-selected catalog is built

using redMaPPer algorithm

GOAL: testing the ΛCDM model and studying the nature of dark energy
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GRAVITATIONAL LENSING

Galaxy Cluster: SMACS 0723

Image credit: NASA, ESA, CSA, and
STScI, James Webb Space Telescope, 2022

(infrared)

Galaxy Cluster: Abell 370

Image Credit: NASA, ESA, Hubble, 2019
(visible)
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DES Y1 DATA

1. THE NUMBER OF GALAXY CLUSTERS in bins of richness and redshift
2. THE AVERAGE MASS OF THE GALAXY CLUSTERS in said bins

The binning scheme is driven by the need to achieve high signal-to-noise measurements of the
weak-lensing profile of the galaxy cluster
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SYSTEMATIC UNCERTAINTIES IN CLUSTER MASS CALIBRATION

-Shear multiplicative bias: an over- or under-estimation of gravitational shear;
-Redshift systematic uncertainties;
-Miscentering: the fraction of correctly centered redMaPPer clusters is fcen = 0.75± 0.08;
-Modeling systematics: inaccuracies in the halo-mass correlation function model;
-Selection effects: correlation between cluster richness and lensing signal at a fixed mass;
-Projection effects: changes in cluster lensing and λ due to matter and galaxies projected
along the line of sight;
-Triaxiality: dark matter haloes have triaxial shapes.
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SYSTEMATIC UNCERTAINTIES IN CLUSTER COUNTS

The covariance matrix of cluster counts is due to Poisson noise, sample variance and
cluster miscentering

THEORETICAL MODEL

⟨N⟩ =
∫ ∞

0
dz true

∫ zmax

zmin

dzob
∫ λmax

λmin

dλob⟨n|λob, z true⟩ dV

dz true
P(zob|z true) (3)

⟨M⟩ = 1
⟨N⟩

∫ ∞

0
dz true

∫ zmax

zmin

dzob
∫ λmax

λmin

dλob⟨nM|λob, z true⟩ dV

dz true
P(zob|z true) (4)

⟨λsat |M, z⟩ =
( M −Mmin

M1 −Mmin

)α( 1 + z

1 + z∗

)ϵ

with λtrue = λcen + λsat (5)

⟨n|λob, z true⟩: comoving space density of clusters; ⟨nM|λob, z true⟩: mass weighted comoving density;
dV

dztrue
: survey volume per unity redshift; λcen: number of central galaxies (λcen=1 for M ≥ Mmin and

=0 otherwise); λsat : number of satellite galaxies (random variable); M1: characteristic mass at
which a halo of mass M has on average one satellite galaxy; λob is a noisy measurement of λtrue .
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RESULTS
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COSMOLOGICAL CONSTRAINTS
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COMPARISON WITH OTHER CONSTRAINTS FROM THE LITERATURE
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SELECTION EFFECT BIAS

It induces correlation between lensing signal and cluster richness at fixed mass
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OUR WORK

1 MODEL

• Observed/expected Σ: Π(R) =

{
Π0(R/R0) for R ≤ R0

Π0 + c ln(R/R0) for R > R0

Π0 and R0 are defined for each richness bin, while c is shared across all
richness bins.

• Observed/expected ∆Σ: parabola
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2 TIMING
Compare the time that cluster toolkit and ccl need in order to compute ∆Σ and see

which one is faster
CCL:
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cluster toolkit:

3 PIPELINE

Write a new pipeline to include selection effects in the chosen toolkit

4 COSMOLOGY

See what are the cosmology constraints this new analysis leads to

5 THEORY

Try to find theoretical explanations to the results

6 FUTURE

If it turns out that selection bias is not the solution, the next steps will be: think about
other possible systematics/effects and continue considering the possibility that there

could be some cluster physics which is still not known
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Thank you for your attention!
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