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Aproximadamente 370 mil anos depois do Big Bang, o
universo esfriou o suficiente para permitir que protons
e elétrons se combinassem formando atomos de
hidrogénio neutro (que é de longe o atomo mais
comum no Universo).

Fe Have Antes disso, estas particulas constituiam um plasma
quente no qual se propagavam ondas de pressao
criadas no interior das condensacoes de matéria escura
quantum gravty era que comecavam a se formar.

Big Bang plus inflation

10~ seconds

i Essas ondas foram geradas pela interagdao dos atomos |
(ou matéria bariénica) com a radiacdo. A elas da -se o0
nome de oscilacoes aclsticas de barions. i
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The BINGO (BAO from Integrated Neutral Gas Observations) telescope is a new instrument designed
specifically for observing BAO signals, as well as other astrophysical phenomena. These observations will give
us the first measurement of the BAO in the radio band and yield a fundamental contribution to the study of dark
energy. Our goal is to be the first to detect BAO in the radio domain and to map the 3D distribution of
hydrogen, the most abundant element of the Universe, with observations spanning at least two years.

Frequéncia de estudo — 960 MHz-1260 MHz (ondas de 21cm emitidas por HI dentro de um
redshift 0.48 >z > 0.13)

Resolugdes — O BINGO tera resolugao espectral de 1 Mz e angular de 40 arcmin.
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Antenas de ~40m de diametro

Cornetas

e W s s o P

https://portal.if.usp.br/bingotelescope/
: e As ondas que chegam,refletirdo pelo prato pri-

mario para o secundario e serao refletidos
novamente, dessa vez para as cornetas.
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A cut-away diagram of a horn
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W "W Pipeline BINGO, - _:

| HIDE forward models the entire radio survey system chain:

Load survey strategy

https://github.com/cosmo-ethz/hide

Load astronomical
igna

Convolve signal with

Apply gain
Add baseline
Add RFI
Add Noise

HIDE & SEEK: End-to-End Packages to Simulate and Process
Radio Survey Data Joel Akeret et al, 2016 Write TOD
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https://arxiv.org/search/astro-ph?searchtype=author&query=Akeret%2C+J

Point Sources

Free - Free

https://arxiv.org/gbs/1707.07647
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https://arxiv.org/abs/1707.07647 .



» . ‘bléo Gaussianidade e a Funcao Biespectro
S i » 4
. Degenerescéncia de modelos do universo primordial — estudo de fungdes espectrais com informagdes

estatisticas adicionais ao espectro de poténcias do campo de flutuagdes de temperatura da radiacdo césmica
de fundo (RCF) — ndo—Gaussianidade (NG) das anisotropias da RCF.

Dois indicadores estatisticos — mapa da RCF sdo gerados mapas de “skewness” e “kurtosis”, S e K,
respectivamente.

Ordem 0 — Probabilidade total da distribuic&o.

Ordem 1 — Valor médio da distribuicao.
Ordem 2 — Variancia da distribuicado. (Espectro de poténcias)
Ordem 3 — Assimetria da distribuicao. (Biespectro)
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Nao Gaussianidade e a Funcao Biespectro
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Nao Gaussianidade e a Funcao Biespectro
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Binned bispectrum estimator

Binned, or coarse-grained, pseudo-bispectrum — full-sky spherical harmonic transforms — masked sky — recovered
alm coefficients are a convolution of the real CMB multipole coefficients with the multipole coefficients of the mask.

https://arxiv.org/abs/1509.08107
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Non-Gaussianity - Bispectrum

500 thermal noise maps
Imax = 30

500 values —B_, mean, std and variance

ell

100 200 400 500
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Non-Gaussianity - Bispectrum

Capacity of all the available cores in the
machine — all the calculations
simultaneously and we use text files to
save the data of each iteration, then
another module joined the pieces and can
quickly calculate average and standard
deviation in addition to plot the graphs

60 hours to approximately 8 hours

500 thermal noise maps
l... =30

max

1500 values of B,

50000 100000 150000 200000 250000

FAPESP-JPS Workshop on dark energy, dark matter and galaxies - Feb 2019



Figure 1 | The FRRE 150418 radio signal
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N . | |
Coeréncia: A alta temperatura do brilho, em uma FRB, nos da a informacao
de que os eletrons no evento nao se movem de forma aleatoria.

https://chime-experiment.ca/

- § FRBs s&o altamente polarizados.
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https://chime-experiment.ca/

Estrelas de - - Blitzars
Néutrons/ - Fluxo de

Pulsares : Acrecao de BHs
- - Super-radiancia
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Modelos geradores das FRBs:

R e

| Terrestre

RFI — Interferéncia de Radiofrequéncia: Perytons

mostram grande similaridade com a ideia das FRBs.
: (e .
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Flare Stars: Muitas estrelas mostram
uma variacao de curto periodo de

ondas de radio, as fazendo serem
potencialmente FRBs.

Fig. 6. Spectrumof =4 s ofa 1.4 GHz burst on AD Leo as observed by the Arecibo 305 m telescope, 1987
November 4. Each of the 16 traces represents a bandwidth of 2.5 MHz. Note the presence of spikes and
narrow-band features (from Bastian et al., 1990).
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Extragalactico

| Estrelas de neutrons/pulsares:

\ .

‘PSR BO531+21 NC | |
- (Crab pulsar) -

- femm

. 1A arxiv 1811.00605v1
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arxiv 1811.00605v1
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arxiv 1811.00605v1
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Aplicacao do modulo de biespectro para mapas com nao-gaussianidade.

Melhora do modulo de biespectro e ampliacao para todos os tipos de analise.

Estimar o f,.

Escolha de um modelo de FRB a ser estudado com maior prioridade.

Modos de aplicar o modelo que for escolhido no BINGO.
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Duvidas?

jordanyv@usp.br

karin.fornazier@gmail.com

y https://portal.if.usp.bfbingotelescope/
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