o A "'a\
e BING6 radio telescope and 21
cm Cospfology |




I/he BIN

C.A. Wugk sche @@ behalf of BINGO Cotfsditium




What's BINGO???

- BINGO stands for BAO from Integrated Neutral Gas Observations

- A''single" dish, multiple horns, radio telescope to measure Baryon
Acoustic Oscillations (BAO)

- Also measure other astrophysical phenomena

- It will perform an intensity mapping of HI at redshifts 0.13 <z <0.48

- Constraints on Dark Energy parameters

- Cross-Dragone off-axis configuration - Low side lobe / Compact / feasible structure

» 50 horns (1,8 m open x 4,7 m long) - Technology similar to CMB experiments

- 2 dishes (~ 42 m diameter) - Almost flat focal plane

» Tsys ~50 K - No cryogenics!!!

- No moving parts - Nominal site in'Serra do Urubu (Paraiba)
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The Science

Sclence

Motivation

= Use Hl intensity mapping to search for
Baryon Acoustic Oscillations (BAQ)
- Follow up structure fermation with matter

power spectium measurements = '\:‘ Lﬁ‘ﬂh
= Measure Dark Energy (=3 e m=— i -
= Static telescope, excellent for looking after T
other astrophysical transient phenomena !
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Figures from Eisenstein et al (2005) and Battye et al. (2013)




Vlotivation

- Use HI intensity mapping to search for
Baryon Acoustic Oscillations (BAO)

- Follow up structure formation with matter
power spectrum measurements

- Measure Dark Energy properties

- Static telescope, excellent for looking after
other astrophysical transient phenomena



The Science

- Acoustic waves imprinted on CMB 380,000 years after Big Bang

- The acoustic scale is set by distance 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

m

CREDIT: WMAP & SDSS websites
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Figure 1: Large scale redshift space correlation function
of the SDSS LRG sample (Eisenstein et al. 2005). Bumped
curves reflect different amounts of Q2 h? (0.12, 0.13, 0.14
from top to bottom) and Q,h*=0.024. Flat curve
represents a pure CDM model with Q_h? = 0.105.
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Figure 3: Simulated HI spectrum as seen by BINGO
beeam resolution and frequency bin.



Cosmological HI signal is weak! (=100 yK rms) and on degree scales
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Figure 4: HI power spectrum, obtained from 2D neutral
HI distribution. Subplot highlights the BAO oscillations.
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Figure 5: Projected power spectrum sensitivity for a full -
yvear 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.




—

Why measuring@AO in the radio band?
- Complementaryto optics, different » .
v systematics
- 21 cm intensity mapping: T(Theta, P&i,
freq) directly measured “alla CMB” -
- Efficient altemnative for measuring a large
number of galaxies individually
« Interferometers are excellent instruments
for these, but are expensive
- Single-dish instruments have been used
recently, but with no results |
- Approach: single-dish, many horfis X
single horn per dish
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Some scientific challenges

Foregrounds ~ 10000 stronger than BAO signal!!!!
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To complete the core Planck mission of detecting the Cosmic Microwave Background ((MB], the
foreground emissions arising from cosmic structures kying between the (MB and the satellite
had to be carefully mapped and characterised so that it could be removed.

This resulted in several all-sky maps portraying the distribution of various diffuse compaonents in
aur Milky Way galaxy, as well as in a series of extensive catalogues containing lists of specific
components — point-like or compact sources of emission. These individual sources cover a wide
range of ohjects — from pre-stellar cores to galaxy clusters — and a range of distances — from
our Galaxy to the distant early Universe.

Some of these foreground component maps are displayed here. The map above is a compasite
af several diffuse components that pervade the Milky Way: thermal dust emission, line radiation
from carbon monoxide gas, diffuse synchrotron emission, and free-free emission. The maps on
the nght show the all-sky distribution of other foreground compenents

These maps are among the mission products that are publidy accessible fram the Planck Legacy Archive

2 PLANCK LEGACY ARCHIVE: FOREGROUND COMPONENT MAPS %
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the Sunyaev-Zeldovich effect by dust emission at 353 GHz

o b ol

"

Compact sources Gravitational-lensing potential — Line radiation from carbon monoxide gas
a tracer of dark matter structures
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European Space Agency
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Figure 6: . Astrophysical emissions (Galactic synchrotron,
Galactic free-free, and extragalactic point sources) (left) and
HI emission (right) at 1 GHz. The maps are centred at
Galactic coordinates (30; 120). The maps resolution is 40
arcmin. Astrophysical emissions are ~ 10? brighter than HI
emission.
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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 "Sertdo 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




Additional Science

- Life history of HI

- Fast Radio Bursts

- Pulsar timing

- Recombination lines
- Galactic science




Fast Radio Bursts

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

» Duration: ~ millisecs to ~ 10s of millisecs

- Extragalactic origin, unknown causes (magnetar
flares, short GRB bursts)
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Figure 1 | The FRB 150418 radio signal.

a, A waterfall plot of the FRB signal

with 15 frequency sub-bands across the

Parkes observing bandwidth, showing the
characteristic quadratic time—frequency sweep.
To increase the signal-to-noise ratio, the

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

¢, The polarization position angle is shown with
1o error bars, for each 64-ps time sample where
the linear polarization was greater than twice
the uncertainty in the linear polarization.
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MeerKat (South Africa
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Plea#® visit our web site:
. httpf/www.bingotelescope.orsg
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