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Thanks Prof. Waga!

Ioav Waga

Being a student of Prof. Waga was an enormous privilege. 

At UFRJ, I was in a crisis with physics before I met him. I 
could not find excitement in many physics classes. 

He saw talent and determination in me. Discussing 
cosmology with him made me enjoy physics again!

Even after I left UFRJ, his doors were always open; he was 
still willing to advise me, to support me, to encourage me. 
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Thanks Prof. Waga! I will be forever in debt!
Without the exceptional education that Prof. Waga offered me, I would have never 

succeeded in being a P.h.D. student of Prof. Hu or a fellow at Upenn.
My education was built on the shoulders of four giants in cosmology. I will be forever in debt

Josh Frieman

J. F
W. H.

W. H.
S. D.

W. H.

Wayne Hu Scott DodelsonIoav Waga
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Part I: Early Universe
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Basic cookbook of inflation: power law

Dℓ
TT ∝ d∫ ln k Inflation × Transfer

Inflationary seeds

As
k
k0

⎛
⎝⎜

⎞
⎠⎟

ns−1

Transfer: physics
of baryon-photon 

coupling
Angular Multipoles



UFRJ, September 2018 - Vivian Miranda

Seminar - UFRJ

Vivian Miranda

The Connected Universe: Relating Early, Intermediate and Late Universe with Cosmological Data

Are there examples that violate the basic picture?

Canonical model
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Inflation can be complicated
How can it be connected with 

the Late Universe?
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How CMB mixes inferences about inflation x dark energy

Peak Positions
(assuming DE model)

Ωmh
3.4

+ Peak amplitudes
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= Prediction on

h = H0 /100
Angular Multipoles
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CMB mixes inferences on inflation vs dark energy

H0 problem: stringent test to 

LCDM (4.3 sigma tension!)

Hypotheses on inflation impact CMB 
constraints on Dark Energy!
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Part II: Intermediate Universe
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How can we probe the Epoch of Reionization?

θT
,P

T ,P
- free electrons: damps temperature, 

enhances polarization!

Planck Maps
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How can we probe the Epoch of Reionization?

Lensing smooths 
the peaks

Unlensed TT lensed TT

Not quite: gravitational lensing partially breaks this degeneracy

Angular Multipoles Angular Multipoles
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Test that Pop-II stars are the only source of radiation?
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Our state of the art analysis 
showed hints of high redshift signal

Theoretical priors on the Planck 
analysis prevented them from 

seeing this signal!

redshift
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Reionization can be complicated
How can it be connected with 

the Early Universe?
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Dark Matter decay

logρDM
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Fixed CMB 
DM density 

That explains why massive neutrinos don’t work! (rad -> CDM at z~200)

V. Miranda

Justin Khoury

H0 solution: Dark Energy or Dark Matter?
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Part III: Late Universe
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Habemus Acceleration: Candles are too dim

Ωm = 1⇒Δm(z = 1) ~ −0.5
Pantheon SN

arXiv:1710.00845
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Generic approach to the problem
How can we falsify the simplest 

Paradigm of Cosmic Acceleration?

• General Relativity

• Minimal coupling to Dark Matter

• Minimal coupling to the standard model

• Smooth Dark Energy (no clustering)Pantheon SN

Dragan, Hu 2009
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Dark Energy can be complicated
LSS can be connected with 

everything
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WFIRST - Wide Field Infrared Survey Telescope
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WFIRST - Wide Field Infrared Survey Telescope
We released the state-of-the-art analysis of what WFIRST can do

V. MirandaDan ScolnicDan ScolnicRebekah Hounsell Richard Kessler

PI
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WFIRST - Wide Field Infrared Survey Telescope
Expanded the analysis to general smooth dark energy paradigm

V. Miranda Cora Dvorkin

If smooth dark energy paradigm fails,
something quite exotic will become 

the standard model!
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WFIRST - Wide Field Infrared Survey Telescope

If growth deviates from LCDM
by more than +-5%

Currently, we are investigating how 
future CMB lensing probes can 

constrain early dark energy

Dragan, Hu 2009
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DES - The Dark Energy Survey
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DES - The Dark Energy Survey
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Advantage of multiple probes?
Degeneracy breaking!

arxiv:1708.01530

Cosmic Shear

Galaxy-Galaxy Lensing

Galaxy/Cluster Clustering
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DES Extensions - leading participation in all extensions!
DES - The Dark Energy Survey

Neff ΩΛ

Example of one relation between Early and Late Universe I explored
V. Miranda
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DESI - Dark Energy Spectroscopic Instrument
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Inflation, Reionization and Cosmic Acceleration

key cosmic history epochs

Many aspects of the 
microphysics still unknown

CMB inference on cosmic 
acceleration depends on 

assumption about inflation 
and reionization

Thank you
Questions?

It is the nature of things that they are ties to each other. Chuang-tzu (300BC)

Inflation, Reionization and Cosmic Acceleration

key cosmic history epochs

Many aspects of the 
microphysics still unknown

CMB inference on cosmic 
acceleration depends on 

assumption about inflation 
and reionization

It is the nature of things that they are ties to each other.  
Chuang-tzu (300BC)

He, V. Miranda & Hu (2017)
V. Miranda et al (2017)

V. Miranda et al (2012, 2014(a), 2014(b))
V. Miranda et al (2015)

Adshead, Hu, V. Miranda (2013)

LateIntermediateEarly

V. Miranda et al (2009, 2017(a), 2017(b))
Orbied et al (2017, 2018)

Vega et al (2017), 
DES-WFIRST papers,


