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The 21 cm Intensity Mapping

Cosmological redshift:  λ
 
= λ

0
(1+z)

➔ Very high z coverage in tomographic 
analysis.

21 cm + optical surveys:
● Improve confidence in the results 

from optical/NIR.
● Completely different systematics.

[NASA / LAMBDA Archive Team]

Hydrogen 21 cm emission
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CMB?!



The BINGO telescope
Baryon Acoustic Oscillations from 

Integrated Neutral Gas Observations



The BINGO telescope



The BINGO telescope: general information

● Transit telescope

● Optical design with 40-m diameter paraboloid primary 

dish and 34-m diameter hiperboloid secondary dish

● 28 horns in Phase 1

● Coverage: ～ 5324 square deg (⅛ of the sky)

● Declination: ~-25 deg

● Angular resolution: 40 arcmin

● Frequency range: 980 to 1260 MHz (0.127 < z < 0.449)   

          tomographic approach

*See the BINGO project papers I to VII (A&A, vol 664, A14-A20) and VIII (CPN et al. 2207.12125) for a complete 
description of the instrument and scientific goals.

Hits map

[II: C. A. Wuensche et al. 2107.01634]

https://www.aanda.org/articles/aa/abs/2022/08/contents/contents.html
https://arxiv.org/abs/2207.12125


The BINGO telescope: general information

[II: C. A. Wuensche et al. 2107.01634]
[IV: Liccardo et al. 2107.01636]

Feed horn:
- Aluminium,
- 800 kg, 
- ~1.7 m diameter,
- 4.9 m length.

Double rectangular arrangement

*Details about optical design
  [III: F. Abdalla et al. 2107.01635]:

See João Alberto’s talk!



The BINGO telescope: scientific goals

● Cosmology:
○ BAO measurements 
○ Redshift space distortion
○ Constrain cosmological models 

● Astrophysics:
○ Fast radio bursts (FRB) [dos Santos et al., in prep.] 

and transient phenomena
○ Galactic science
○ Extragalactic science

ΛCDM: h and Ω
c
h2 with 25% 

improvement.

wCDM: precision of 1.1% and 3.3% 
for h and w

0
. 

[VII: A. Costa et al. 2107.01639]

[I: E. Abdalla et al. 2107.01633]

*For MCMC analyses with BINGO:
See Pablo Motta’s poster!



Baryon acoustic oscillations (BAO)
[Planck Collaboration 1807.06209]

[Eisenstein et al. astro-ph/0501171v1]

[Forecasting: 21cm for SKA
Villaescusa-Navarro et al. 1609.00019]

[Kovetz et al. 1903.04496]

[sdss3.org/surveys/boss.php; 
C. Blake and S. Moorfield]

https://arxiv.org/abs/astro-ph/0501171
https://arxiv.org/abs/1609.00019
http://www.sdss3.org/surveys/boss.php


BAO measurements with BINGO simulations
[ VIII: CPN et al. 2207.12125 ]

Clustering measurements:

○ Angular power spectrum (APS, harmonic space): the 
pseudo-Cℓ approach

○ Two-point angular correlation function (ACF; real space): 



BINGO-like simulations

● 21 cm IM: 30 frequency bins* [0.127 < z < 0.449],

○ 1500 FLASK log-normal realizations                 

[Xavier et al. 1602.08503],

○ 100 Mocks constructed from N-body simulations 

[VI: J. Zhang et al. 2107.01638]

● Foreground contamination,

● Beam size (~40 arcmin),

● Instrumental noise (white noise).

● Foreground cleaning.

*# of z-bins depends 
specially on the foreground 
cleaning process [E. Mericia 
et al. 2204.08112]. 

See Larissa Santos talk!

z-bin 1
(0.127< z < 0.138)

More about component separation in: 
IV: V. Liccardo et al. 2107.01636,
V: K. Fornazier et al. 2107.01637,
A. Marins et al. in prep.



Modeling the BAO

APS:

ACF:

where ω(θ) and Ctemp(ℓ) are related through:

Shift parameter

BAO fitting using a MLE: 

We do this by combining the redshift bins!

➢ λ( α, B, A
i 
)

[e.g., Camacho et al. 1807.10163, Chan et al. 1801.04390]



Fitting results

● Fiducial configuration:

○ Joint analyses of N
z
 = 10, 10, 10 

consecutive z-bins,

○ Δℓ = 10 and  Δθ = 0.5 deg.

○ A
q
 parameters for Cℓ  and ω(θ) 

templates: q = −1, 0, 1, 2 and q = 0, 1, 
2, respectively.

+ Robustness tests.

Results can be improved by the choice of                                      
an “optimal configuration” for each                       
redshift interval. Detection 

criterium:
0.8 < α < 1.2

46%

64%

74%

79%

85%

84%

Detection
(fid. conf.)



Conclusions
● The two clustering estimators show better results at higher redshifts, but present different sensitivities to 

each redshift range.

● Intermediate and higher redshifts are the most promising in measuring the BAO scale.

● The APS estimator provides slightly better estimates, with smaller uncertainties and larger probability of 
detection of the BAO signal, achieving  ≳ 90% at higher redshifts.

● The presence of thermal noise increases the error bars (~ 2.2x) on the α parameter, specially for the APS, 
while foreground residual do not seem to have a significant impact to the analyses.

● Even including some realistic systematic effects, our results indicate that BINGO has the potential to 
detect BAO in its redshift range during its Phase 1 (5-year) operation.

To do:

● Simulations: Realistic beams, polarization leakage, 1/f noise, …
● Analyses: alternative foreground cleaning method, z-bins, and fitting method, test reconstruction process …

[ VIII: CPN et al. 2207.12125 ]



Thank you!!
https://bingotelescope.org/

camila.novaes@inpe.br

https://bingotelescope.org/


Extra slides:



White noise and foreground residual
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Fitting results



Significance



BAO analyses

ℓ
min 

= 32


