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| present the theoretical developments expected in the construction of the BINGO
(BAO In Neutral Gas Observations) observatory, which is being supported by a
consortium led by Brazil including China, UK, South Africa, France and Switzerland.
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Standard Cosmological Model

Composition of the Universe
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What 1s Dark Energy?
Che Evidence:

98's: The universe is expanding in an accelerated
wa
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What 1s causing the acceleration’

From the Friedmann equations:
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What is Dark Matter?
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unsolved, but very well measured,
problems in physics.
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Candidates

Neutralinos (higgsino, bins, winos, singlinos)

Axinos

I

Gravitinos r

Sneutrinos

Axions

Sterile neutrinos

4th generation neutrinos
Kaluza-Klein photons

Kaluza-Klein gravitons

Brane world dark matter/D-matter
Little higgs dark matter

Light scalars

Superheavy states (ie. “WIMPzillas”)
Self-interacting dark matter
Super-WIMPs

Asymmetric dark matter

Q-balls (and other topological states)
CHAMPs (charged massive particles)
Cryptons, ...



DE/DM Interaction

Each component is not conserved alone anymore. Cosmological equations:
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Po+3H(1+wy)ps = Q,

Many many models in the literature:

Phenomenological (For a classification see Koyama, Maartens, Song, 0907.2126; see also Wang,

Abdalla, Attrio Barandela, Pavon Rep. Prog. Phys. 2016)
- Interaction depending on DM or DE

Gonsiant coupiing | o [ Timme varying souping

Coupling must be small : constraints In general no analytic solution!
from observations!



Evidence Against ADCM?

Baryon Acoustic Oscillations in the Lya forest of BOSS DR11 quasars.
T. Delubac et al. [BOSS Collaboration] — A&A 574, A59 (2015), arXiv: 1404.1801

From adjusting the BAO peaks and combining with the ACDM fiducial values from Planck+ WMAP:

H(Z = 2.34) — (222 +7 km s—l Mpc—]) X 147.: Mpc
d
= = __Td ra = 147.4 Mpc
Dy(z = 2.34) = (1662 + 96 Mpc) X 1=~ 4

Values differ: 1.80 from Planck+WP;
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Evidence Against ADCM?

Baryon Acoustic Oscillations in the Lya forest of BOSS DR11 quasars.
T. Delubac et al. [BOSS Collaboration] — A&A 574, A59 (2015), arXiv: 1404.1801

871G pae(z = 2.34) /

———pae(2) = H*(2) - H2Qu(1 +2)* . ==12+08.
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~2.50 difference from the expected from ADCM!

Parameters from Parameter Bestfit o

Planck+WMAP for S, 0706 0032
0% .,h% 0143 0.003

ADCM Q0. 0714 0.020

Q9h®  0.02207 0.00033

Interacting dark energy

Review Rep. Progr. Phys.: Wang, E.A., Atrio-Barandela, Pavon



Baryon Acoustic Oscillations (BAOs)

Angular scale
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distance light travelled at
that time

— Known precisely from CMB
power spectrum

— D=149 £ 0.6 Mpc

* BAO scale imprinted on all
matter in the Universe

— Use as a “standard ruler”




Baryon Acoustic Oscillations (BAOs)

« Baryon oscillations seen in the CMB

Correlation function

distribution can be observed in the

spatial distribution of galaxies
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Large-scale
structure
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The acoustic peak gives the ratio of the
distances to z=.35 and z=1,100 to 4%
fractional accuracy.

absolute distance to z=0.35 is determined
to 5% accuracy.

co-moving sound horizon scale 150 h-1

Mpc. H
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Optical BAOs

Anderson et al. (2014)
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Alternative: HI Intensity mapping
* HI intensity mapping

— Use relatively large beam on
the sky

— Measure HI *fluctuations™

* Proposed single dish radio
experiment: BINGO

- No competition in the radio!

- Complementary to large
optical surveys

Battye, Browne, Dickinson, Heron, Maffei, Pourtsidou
2013 MINRAS, 434, 1239 [arXiv:1209.0343]

Large beam on the sky (=1 deg)
contains many galaxies



Baryonic Acoustic Oscillations
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structure spin spin
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What is Ringo?

BAO for Integrated Neutral Gas Observations

A single/double dish multiple Horns Radio
Telescope, mainly to measure BAO

Also other astrophysical phenomena
HI intensity map at 0.13 <z < 0.48

Constraints on cosmological parameters
(particularly DE)



What is Ringo?

* 50 Horns (1.8 m wide, 4.8 m long)

e System Temperature 50 K (up to now, we have
70K)

o Site in “Serra do Urubu” (Vulture heights) in
Paraiba, Brazil



Motivations for BINGO

Hl intensity mapping to measure BAO
Structure formation
Dark Sector properties (last half history of the Universe)

Static telescope, excellent for looking after transient
phenomena

Fast astrophysical phenomena:

Pulsar properties
Fast Radio Bursts



The Science
-
- Acoustic waves imprinted on CMB 380,000 years after Big Bang "
- The acoustic scale is set bydistance light travelled at that time
« Known precisely from CMB power spectrum: D=149 + 0.6 Mpc (Planck 2015)
- BAO scale imprinted on all matter in the Universe, use as a “standard ruler®
- Hl intensity mapping, measure HI FLUCTUATIONS, using a ~ 0.7 deg beam on the sky

Portsm.m




10+1)C/2% [uK')
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Figure 4: HI power spectrum, obtained from 2D neutral
HI distribution. Subplot highlights the BAQO oscillations.
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Figure 5: Projected power spectrum sensitivity for a full 1-
vear of BINGO observations, with 50 horns and 15° FOV
(Battye et al. 2016). The subplot highlights the BAQO

features after dividing out the smoothed spectrum.



Some scientific challenges

Foregrounds ~ 10000 stronger than BAO signal!!!!
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.
Technological challenges

Some of the challenges BINGO will have to deal with:
+ Build the 50, ~ 4.8 x 1.8 m, horns to a 0.5 mm precision
 Transport to and build the 2, ~ 40 m dishes in "Sertao da Paraiba"
» Same thing for the horns
+ Data stewardship of the 50 horns
+ RFI from mobile phones, airplane routes, radio links and microwave
ovens are a permanent threat to the quality of BINGO data!!!!
» Continuously monitor the radio environment around BINGO
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Vao do Gato (Cat’s den) Paraiba

Vao do Gato - calibrated
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Power in dB [W/m~™2/Hz]
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Additional Science

- Life history of HI
- Fast Radio Bursts

- Pulsar timing
- Recombination lines
 Galactic science




» First detected in 2007 (Lorimer et al., Science 2007)

- Duration: ~ millisecs to ~ 10s of millisecs

- Extragalactic origin, unknown causes (magnetar
flares, short GRB bursts)

LETTER

a T ¥ L . Figure 1 | The FRB 150418 radio signal.

a, A watertall plot ol the FRB signal

with 15 frequency sub-bands across the

Parkes observing bandwidth, showing the
characteristic quadratic lime-lrequency sweep.
To increase the signal-to-noise ratio, the

time resclution is reduced by a factor of 14
from the raw 64-us value. b, The pulse profile
of the FRB signal with the total intensity, linear
and circular polarization tlux densities shown
as black, purple and green lines respectively

¢, The polarization position angle is shown with
1o error bars, for each 641-ps time sample where
the linear polarization was greater than twice
the uncertainty in the linear polarization.
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(Other FIrojects

MeerKat (South Africa)
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FAST (China)
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)s from Integrated Neutral Gas Observatio
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