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NSB measurements with a single photon counting instrument (UVscope) showed that the 
“Variance” is as good as “photon counting” to measure the night sky background flux! 
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Single photon counting vs. “variance”
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❑ Nov. 2009, A. Segreto, Collaboration meeting, Malargue: "Night Sky Background: UVscope vs. Auger FD" 

https://indico.nucleares.unam.mx/event/201/session/9/contribution/74/material/slides/0.pptx


From “variance” to photons

❑ Nov. 2010, A. Segreto, Collaboration meeting, 

Malargue: "Nightly variability of FD PMT gains as 

measured by UVscope and Cal. A" 

❑ "Night sky background measurements by the Pierre 

Auger Fluorescence Detectors and comparison with 

simultaneous data from the UVscope instrument",

A. Segreto, for the Pierre Auger Collaboration, 

Proc. 32nd ICRC, 2011, Beijing, Rep. of China
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https://indico.nucleares.unam.mx/event/217/session/14/contribution/175/material/slides/0.pdf
http://particle.astro.ru.nl/pub/icrc11-0661.pdf


Intercalibration with diffuse Night Sky Background

A straightforward application of 
the diffuse NSB measurements 
is for the intercalibration of 
adjacent FD Bays

Disadvantage: not sensitive to a 
common drift of all the bays 
and seasonal variations

An external reference light 
source is anyway necessary, at 
least for a few Bays

Stars are the ideal reference 
sources for the long term 
monitoring 

❑ Nov. 2010, A. Segreto, Collaboration meeting, Malargue: "Nightly 

variability of FD PMT gains as measured by UVscope and Cal. A"
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https://indico.nucleares.unam.mx/event/217/session/14/contribution/175/material/slides/0.pdf
https://indico.nucleares.unam.mx/event/201/session/9/contribution/74/material/slides/0.pptx
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The Langley plot method

A standard method to correct the ground based star flux measurements for the atmospheric attenuation, 
is to measure the star signal as a function of the “air mass”
A fit to data provides the total atmosphere attenuation (the data slope), and (by extrapolation to zero air 
mass) the star flux that would be measured by the instrument if it were placed on top of the atmosphere
In case of a wavelength dependent extinction, the data are actually on a slightly curved line (Forbes effect) 
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The atmospheric attenuation

Atmosphere attenuation components (in the UV region):
Ozone absorption:  (< 320 nm) daily ozone thickness maps are on the web
Molecular (Rayleigh) scattering: can be computed from the local barometric pressure 
Aerosol scattering: highly variable from night to night as depends on local, unpredictable, aerosol 
density and composition.  Aerosol thickness is a free parameter in the atmosphere model 

Total atmosphere 
transmission
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Spectra from stars

The primary reference star for absolute astronomical photometry is Vega, however, in the Southern Hemisphere, 
Sirius is preferred as it can be observed at higher elevation angles; the absolute calibrated spectra of these reference 
stars measured “on top of the Earth atmosphere” can  be retrieved from astronomical data bases 
The ground observed spectral distribution depend on the detector spectral response and on the atmospheric 
attenuation (which dependents on star elevation)

𝜟𝝀 = 𝟐. 𝟓 𝒏𝒎
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Ground based observed spectra (including typical 
atmosphere attenuation and FD spectral response) 
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Star spectra measured outside 
the Earth atmosphere
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❑ GAP2016_042: A. Segreto: Using stars to verify the end-to-end absolute 

calibration and for the long term monitoring of the Fluorescence Detector 

telescopes at the Pierre Auger Observatory”

2D model of the star PSF 2D efficiency map

PSF radial 
profile

Data and model in 
individal pixels

Data and model summed 
over 3 pixels

The star PSF is modeled by means of an analytical function whose parameters are tuned to reproduce 
the star signals as observed in individual pixels, including an extended halo. The 2D PSF model allow 
to reproduce the inter-pixel efficiency losses observed when the star crosses the pixel boundaries 

star halo

The 2D star PSF model

inter pixel 
efficiency losses
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❑ Nov. 2013, A. Segreto, Collaboration Meeting, Malargüe: "Energy 

check and monitoring of th FD absolute calibration using stars"

FD calibration with Sirius and other stars

https://indico.nucleares.unam.mx/event/782/session/8/contribution/137/material/slides/0.pdf
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Bellatrix (spt. class: B2III)

❑ Any star crosses nighttime the FD field of view only for a few months per year
❑ Data from different stars (different luminosity and different spectral class) can be combined to monitor 

the FD calibration status in different period of the year
❑ There are however not enough bright reference stars to monitor the FD calibration without temporal gaps

Coihueco Bay 5      

Altair

Bellatrix • Bellatrix
• Altair

spectral distribution of detected photons 
(including atmosphere attenuation and FD spectral response) 

Altair (spt. class: A7V)

FD Long term monitoring
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❑ To obtain a number of stars flux measurements sufficient to continuously monitor the FD calibration 
status along the whole year, we select group of stars, with magnitude in the U band > 4, that cross 
the central part of FD field (+/- 10° from the telescope center)

Name          Type     Offset[°]   Umag  R.A.[h]
-----------------------------------------------------
1) Pi Cet          B7IV       +4.9      3.7    2.7
2) Mu Lep          B9III      +2.6      2.8    5.2
3) Lam Lep         B0.5IV     +5.6      3.0    5.3
4) Nihal           G3III      -2.0      3.6    5.5
5) Arneb           F0I        +0.9      3.0    5.5
6) Saiph           B0II       +9.1      0.9    5.8
7) Mirzam          B1III      +0.8      0.8    6.4
8) Sirius          A1V        +2.1     -1.5    6.8
9) Omi2 CMa        B3Iab      -5.1      2.1    7.1

10) Gienah          B8III      +1.2      2.1   12.3
11) Algorab         B9.5V      +2.3      2.8   12.5
12) Spica           B1 III-I   +7.6     -0.2   13.4
13) Zuben Elgenubi  A3IV       +2.7      3.0   14.8
14) Pi Sco          B1V+B2V    -7.3      1.8   16.0
15) Zet Oph         O9.5Vn     +8.2      1.7   16.6
16) Sabik           A2V        +3.0      2.6   17.2
17) Polis           B8Iab(e)   -2.3      3.6   18.2
18) Skat            A3Vp       +2.9      3.4   22.9

Tracks of 18 selected stars
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Data from 18 stars (1 bin/star/year)
• Umag > 4
• Offset from axis < +/- 10°

Star signals Star signals after efficienct correction

❑ Stars of different spectral type and different luminosity show coherent temporal behavior 
(spread < 2% std. dev.) along the 15 year of FD operation 

❑ A few stars are used as absolute reference, the other are rescaled to match the reference stars

Std. Dev. =1.52%
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❑ In several FD Bays, a significant seasonal modulation is observed in the measured star fluxes vs. time

Seasonal modulation: +/- 3.6%
Seasonal modulation: +/- 4.8%

Coiheco Bay 4 Loma Amarilla Bay 6
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Los Morados bay 5 Los Morados bay 4          

❑ The diffuse component of the NSB background, as computed for the star flux analysis, can be itself 
used to verify the intercalibration status between Bays with adjacent FoV

❑ Applied to Bay4 and Bay5 in Los Morados, the NSB intercalibration method allow to monitor their 
relative calibration status with excellent statistics (<1% std. dev)  but it is however not sensitive to their 
common long term drift (-1.5%/year)

Number of stars: 24
Reference star: Altair

Number of stars: 18
Reference star: Sirius

Los Morados bay 5/ bay 4

Bay intercalibration 
with the diffuse NSB



FD signals from stars of different spectral type and luminosity show 
coherent (different from bay to bay) long term variations through
the 15 year of FD operation, therefore providing  a way to 
continuously monitor the long-term evolution of the calibration 
status of individual FD telescopes

A few important correction are still to be implemented in the 
analysis software for a better evaluation of the FD star fluxes:
• Analysis of Cal. A data taken with open shutters (in order to 

correct for the PMT gain shift and drift induced by the NSB) 
• Monitor and adjustment of the 2D star PSF model parameters for 

each individual Bay as a function of time  


