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The joint Auger TA working group on energy spectrum  

UHECR 2010    Nagoya, Japan 
UHECR 2012    Cern, Geneva                       
UHECR 2014    Springdale (Utah), USA 
UHECR 2016    Kyoto, Japan 
ICRC 2017        Busan, Korea 
UHECR 2018    Paris, France 
ICRC 2019        Madison, USA  
ICRC 2021        Berlin, Germany 
 

Understand the difference among the 
measurements at the UHEs: 

•  information on astrophysical 
phenomena 

•  correct combination of the data to 
achieve the full sky coverage 	
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KAS. Gr. QGSII-04 (2015)
KAS. Gr. EPOS-LHC (2015)
KASCADE combined (2015)
GAMMA (2014)
TUNKA-133 (2020)
Tibet-III (2008)
Ice Top (2019)
Yakutsk (2015)
Hires I (2005)
TA TALE (2018)
TA SD (2019)
Auger (2021)

see F. Urban at this conference 
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Millard County 
Utah (USA)  
390 N latitude     
 
700 km2  
 
507 scintillators 
1200 m spacing 
square grid 
 
3 FD sites 

PIERRE AUGER OBSERVATORY 

Malargüe Mendoza 
(Argentina)  
350 S latitude      
 
3000 km2  
 
1660 WCDs 
1500 m spacing 
triangular grid  
 
4 FD sites 

TELESCOPE ARRAY 

Water-Cherenkov Detector Fluorescence Detector Fluorescence Detector Scintillator 

UHECR Hybrid Observatories 
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The hybrid  
detection technique 

FD 
SD 

15% 
duty 
cycle 

100% duty cycle 

Air shower footprints by Auger and TA SD arrays 

TA 

Auger 
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Figure 1: UHECR event observed by the fluorescence detector. The top figure shows the PMT

pointing directions and the brightness of signal (point size) and timing (point color). The

bottom figure shows a sum of selected PMT waveforms as a function of slant depth (black

plot), compared with the reconstructed result by the inverse Monte Carlo reconstruction

(histograms). The inverse Monte Carlo method can reproduce the obtained signal at the

camera, including the periodicity introduced by photo-cathode non-uniformity.

25

Hybrid event 

UHECR spectrum  
 
•  high efficiency of SD 
•  calorimetric energy scale from FD 

Auger 
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The experimental techniques 
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TA: Energy look-up table (S800, θ) -> E  
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Auger 
S(1000) attenuation from CIC  

E = A (S38)B 

power law from hybrids 

S(1000) à S38 

S(800) 
energy from MC look-up table rescaling factor from hybrids 

E = 
ETBL 
1.27 

TA 

B ≈ 1 

full trigger 
efficiency  
> 1018.8 eV  

QGSJet-II.03  proton 
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AUGER Proc. 34 ICRC 2013 (Rio de Janeiro, Brazil)  
[arXiv:1307.5059] 

TA Proc. 32nd ICRC 2011 (Beijing, China), 12, 67 (2011)  
Astropart.Phys. 61 (2015) 93-101 

The energy scale 

2013:  120 GeV proton

2012:  12keV e- beam

2008:  0.25-2.0 MeV beta

2008:  28.5 GeV e- beam

2007:  1.5 MeV beta
20, 50 GeV e- beam

2007:  0.85 MeV beta

2004:  0.85 MeV beta

1996:  1.4 MeV beta
1 GeV e- beam

2015:  40 MeV e- beam/shower
sum of 512 PMTs w/o zero-sup

ELS@TA

Compilation of Air Fluorescence Yield

- Original figure is from J. Rosado, F. Blanco and F. Arqueros, ApP 55(2014) 51-62.
- Grey circle is original, and red circle is after RBA’s correction.
- Green ELS value is by BK Shin et al. (TA) in the 34th ICRC in den Haag.

sFLASH Question:  AFY of EM shower may be different from that of a single  
electron (P. Sokolsky).    Inject 15GeV extracted electron beam of SLAC into alumina 
target of 0-3RL thick, and measure AF after target from 10m away by open PMT.  

GCOS ws 2022/07/14
2

TA 21%    Auger 14%    both almost energy independent 

TA uses Kakimoto et al. 
NIM-A 372, 527 (1996) 
+FLASH spectrum 

Auger uses Airfly  
Astrop. Phys. 42. 90 (2013)  
Astrop. Phys. 28, 41 (2007)  

figure from M. 
Fukushima, GCOS 
workshop 2022  
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Confirming the new spectral feature first 
reported by the Pierre Auger Observatory

11

• Pierre Auger found a spectrum hardening in 1019 – 1019.5 eV range
• Combining TA SD, FD and HiRes data, we observe the same 

Shoulder feature in the Northern Hemisphere at 1019.25±0.03 eV with a 
5.3 σ significance:
• In the absence of the Shoulder feature, one expects 1269.3 events in HiRes - TA data
• HiRes and TA observe 1086 events
• The chance probability of this being a random fluctuation is 7.4 x 10-8 

•  same characterization of the spectral features  

•  agreement at the ankle and some tension at 
highest energies 

•  common declination band to disentangle 
astrophysical from experimental effects:   

     -15ο  < δ <  24.8ο 	

Measurements 
at the two 

observatories 

Auger, Phys. Rev. D 102 (2020) 062005 
TA, PoS (ICRC2019) 298 
see also WG report PoS (ICRC2021) 337 

see next talks by  
S.Ogio and Q.Luce 

ankle 

suppression 

instep 

Auger TA 
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Measurements in the full sky 

ratio of Auger to TA 
energy spectrum 
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Measurements in the full sky 
good agreement up to ≈ 1019 eV after 
an overall 9% rescaling of the energies 
 
significant discrepancy at the highest 
energies 
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Measurements in the common declination band 

discrepancy at the highest 
energies persists in the 
common declination band 

note: TA full trigger efficiency E>1018.8 eV 
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Measurements in the common declination band 

discrepancy at the highest energies 
removed introducing an energy 
dependent energy shift 
 

overall 20%/decade for E>1019 eV   

note: TA full trigger efficiency E>1018.8 eV 
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Measurements in the common declination band 

discrepancy at the highest energies 
removed introducing an energy 
dependent energy shift 
 

overall 20%/decade for E>1019 eV   

δE
E
= Δ log10 E −19( )

simulations	

significance 
≈ 3σ 

note: TA full trigger efficiency E>1018.8 eV 

σ	≈	6%

data 
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•  the overall 9% energy shift in agreement with the uncertainties in the energy scale 
 

•  (from UHECR 2014 report) 9% would be further reduced to < 5% if the FD events 
would be reconstructed using the same “external” parameters 

Fluorescence yield 
Invisible energy 
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Auger from SD sensitivity to µ  
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TA from p simulations  

Nµ 
excess 

Auger: AirFly   				TA: Kakimoto et al. + FLASH spectrum 

TA energies reduced by -14% 
using the Auger fluorescence yield 

TA energies increased by +7% 
using the Auger invisible energy 

Auger, Phys. Rev. D 100 (2019) 082003 

≈ 9%-14%+7% 
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Biases in the shower size reconstruction that can’t be 
corrected by the energy calibration ? 
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energy estimator at an optimal distance (ropt) that 
minimizes the fluctuations of the LDF 

D. Newton et al. Astropart. Phys. 26 (2007), 414 

LDF fluctuations 
changing its slope	
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Recent studies by Auger 
confirm that ropt = 1000 m 

3

Optimal distance?

QGSJet-II.04
Proton

WCD - Triangular grid – 1500 m
Auger-NKG LDF

SSD - Square grid – 1200 m
AGASA LDF

Optimal distance = distance at which the fluctuations of the signals are minimal
Reconstruction 100 times an event drawing the logarithmic slope according to a Gaussian 

distribution

QGSJet-II.04  
proton 

!! " /#(%)

Jul. 27, 2022 Spectrum WG Meeting 3

▼: logE=19   , tasd
▼: logE=19.5, tasd
▼: logE=20   , tasd

Very
 Prel

imina
ry

QGSJet-II.03  proton 

≈ 1300 m	

TA 

note: for the spectrum, bias effects are much more important than the resolution ones 

For TA the fluctuations are 
minimized at core distances 
larger than 800 m 
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Square vs Triangular

TA, no saturation
Proton, θ = 0°, QGSJet-II.04

Triangular, 1500 m Square, 1200 m

6

Square vs Triangular

TA, no saturation
Proton, θ = 0°, QGSJet-II.04

Triangular, 1500 m Square, 1200 m

16	

a complex problem …  (spacing, square vs triangular, LDF, detector, ...) 

!! " /#(%)

Jul. 27, 2022 Spectrum WG Meeting 3

▼: logE=19   , tasd
▼: logE=19.5, tasd
▼: logE=20   , tasd

Very
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!! " /#(%)

Jul. 27, 2022 Spectrum WG Meeting 7

○: logE=19   , triangle
○: logE=19.5, triangle
○: logE=20   , triangle

Very
 Prel

imina
ry

TA  
simulated events 
 
AGASA LDF 

Auger SSD 
(scintillator) 
simulated events 
 
AGASA LDF 

square 1200 m 	 triangular 1200 m	

square 1200 m 	 triangular 1500 m	

important also for AugerPrime and TA×4 ... 
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TA: potential biases from not using S(ropt) ? 
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E = A (S35)B 

S(1300) à S35 

S(800) à S35 

S35 vs EFD 

S35 vs EFD 

Cross check applying the 
Auger data-driven analysis 
to TA data  
 
two energy estimators  
S(1300) and S(800)  

AGASA LDF 

CIC 
energy calibration 

B ≈ 1.05 
 

PRELIMINARY 

full trigger 
efficiency 
>1019 eV	
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TA: potential biases from not using S(ropt) ? 
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very good agreement between 
energies from S(1300) and S(800)   
 
consistency with standard (MC 
look-up table) energy calculation 

E(S800 )
E(S1300 )

E(S800 )

E(S1300 )

Estandard
E(S1300 )

Estandard
E(S800 )

hybrids 
EFD

E S1300( )
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Auger: systematics from the estimation of the shower size ? 
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•  hybrids events: SD energies well aligned to the 
FD ones 

 

•  systematics on flux arising from the 
uncertainty in S(1000) estimated to be < ±3% 

 

Phys. Rev. D 102 (2020) 062005 

20%/decade 

E > 1019 eV	
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Auger: systematics from the estimation of the shower size ? 
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•  exposure ≈ 30% of the one for θ < 600 
•  require completely different 

reconstruction technique 
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MC: p QGSJET II-03
E = 1019 eV
θ = 80◦
φ = 0◦

ρµ = N19  ρµ ,19 (r,θ ,φ)

Auger, JCAP 08 (2014) 019 and JCAP 08 (2015) 049 
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Outlook 
Further studies of the systematic uncertainties associated to SD 
reconstruction but the disagreement between the Auger and TA spectrum 
at the highest energies is not yet understood  
(a difficult experimental problem) 
 
More information in the 2nd phase of the observatories: 

•  AugerPrime scintillators  
•  enhanced statistics with TAx4 
 

Recommandation from the spectrum WG  
given that we are entering in a 2nd phase, would not be the right time to 
converge on the use of the same fluorescence yield, and invisible energy ? 
 

(note: energy scales <1019 eV would be in agreement at the few % level) 
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TA Auger 
data period 11/05/2008 – 11/05/2019 01/01/2004 – 31/08/2018   

energy threshold 1018.2 eV 1018.4 eV 

zenith angle θ < 450 θ < 600 

exposure ≈ 10000 km2 sr yr  
> 1018.8 eV (full trigger eff.) + res 

60400 km2 sr yr 

Nev > 1019 eV (1020 eV) 3292 (14) 16737 (15) 

SD energy resolution  
1019 eV - 1020 eV   

21% - 15% 11% - 8% 

FD energy resolution 19% 7.4% 

Uncert. energy scale 21% 14% 22	
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Auger, Phys. Rev. D 102 (2020) 062005 
TA, PoS (ICRC2019) 298 

TA  θ < 550 
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Compare TA Constant Intensity Cut and TA 
Original Monte Carlo Based Energy 

Reconstruction Methods

TA MC-based and Constant Intensity Cut energy reconstruction 
methods agree at ~3% level

18

 UHECR 
2018 


