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BINGO needs high sensitivity

  

Challenges: Foregrounds
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BINGO needs very clean optics
40m telescopes


(~1 degree resolution)

1.8x4.7m feed horns x 50

(15 degree field of view)



BINGO needs very stable receivers

T_sys ~ 50K

f_knee ~ 1mHz
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• 1/f knee frequency of typical receivers ~1 Hz 
• Produces long time-scale fluctuations of total-power (1/f noise) 
• -> larger noise level, stripes in the map… 

• Perfect pseudo-correlation (e.g. WMAP/Planck) can remove 1/f noise 
• Use (South) Celestial Pole as reference

(Celestial pole)

Battye et al. (2013)

Bigot-Sazy et al. (2015)

No 1/f

With 1/f



BINGO does not need RFI
Cachoera Paulista, São Paulo state

Mobile phones

aircraft

???



BINGO does not need RFI

Mobile phones

Urubu, Paraíba



BINGO does not need nearby planes

500km



(I also work on…)

• Planck satellite, C-Band All Sky Survey


• Diffuse Galactic foreground emission


• Particularly AME at 30GHz 
(Anomalous Microwave Emission)


• Emission from nearby galaxies


• Radio “point” sources


• … and anything else you can see in the sky at 1-1,000GHz ;-)


• Mix of technical, simulations, data reduction and analysis work

Planck Collaboration: Andromeda as seen by Planck
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Fig. 15. The integrated SED from radio to far-infrared, with the best-fit model from Bayesian analysis (see Sect. 7). Data points
are from WMAP (blue), Planck (red), Herschel (purple) and other archival data (black). Filled points represent data that were not
included in the fit. The best fit is shown in black; the green line shows the synchrotron fit, the red line shows the free-free emission,
the magenta curve shown the AME, the dark red line shows the thermal dust, and the light blue line shows the CMB.

Table 4. Best-fitting parameters for the integrated spectrum from
the Bayesian analysis.

Parameter Value

⌧250 (1.2 ± 0.2) ⇥ 10�5

�dust 1.62 ± 0.11
Tdust [K] 18.2 ± 1.0

EM [cm�6 pc] 1.8 ± 1.3
�TCMB [K] (1.7 ± 1.0) ⇥ 10�6

Asynch [Jy] 9.5 ± 1.1
↵synch �0.92 ± 0.16

AAME [Sr cm�2] (7.7 ± 3.3) ⇥ 1016

�2 15.4
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these may include a contribution from a thermal component, see
Peel et al. 2011). This is poorly constrained as synchrotron is
not a significant component in the fit at the Planck and WMAP
frequencies.7 This emission includes both compact and di↵use
emission from M31 that is within the aperture, as well as fore-
ground emission from our Galaxy and emission from bright
quasars behind M31 (particularly at the lowest frequencies) –
although faint AGN, being more numerous, should statistically

7 Additional data at frequencies around 5–15 GHz, e.g., by C-BASS
(King et al. 2010), would be required to see whether the synchrotron
radiation is steepening or flattening at high frequencies, see e.g., Strong
et al. (2011) and Peel et al. (2012).

cancel out, as there should be as many of them in the back-
ground annulus as in the aperture. Bright compact sources are
particularly visible in the high-resolution surveys of M31, as de-
scribed by Graeve et al. (1981). Berkhuijsen et al. (2003) use a
compilation of source-subtracted measurements of M31 to mea-
sure the integrated flux densities out to 16 kpc and find signif-
icantly lower flux densities than the fit here. For example, they
quote (11.20 ± 0.81) Jy of emission at 408 MHz from Pooley
(1969) compared to the (23.1 ± 4.5) Jy that we find here from
the Haslam et al. (1981) 408 MHz map; in contrast Graeve et al.
(1981) find a much higher flux density of (63.7±6.7) Jy when the
“halo” emission around M31 (which comes from point sources
and a Galactic spur) is also considered. This di↵erence is there-
fore presumably due to foreground emission and extragalactic
sources in the aperture.

A significant amount of free-free emission is needed to ac-
count for the flux density detected in the lower Planck and
WMAP bands; the model fit implies that a large fraction of the
flux density seen at frequencies of 20–60 GHz is caused by free-
free emission. Similar results have been seen in other nearby
galaxies. For example, Peel et al. (2011) also found that a signif-
icant amount of free-free emission was needed to give realistic
star formation rates for Messier 82, NGC 4945, and NGC 253.
Free-free emission scales linearly with the star-formation rate
(see e.g., Murphy et al. 2011). Azimlu et al. (2011) have calcu-
lated the star formation rate based on H↵ imaging and find it to
be 0.44 M� yr�1, which is higher than the (0.25 ± 0.05) M� yr�1

found by Ford et al. (2013) using ultraviolet and 24µm data. The
SFR of (0.36 ± 0.14) M� yr�1estimated by Xu & Helou (1996)
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Integrated spectrum of M31



For more info, see the posters, and 

http://www.bingotelescope.org/


