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•  First meeting in Nagoya (Japan) December 2010 
 
•  CERN, February 2012 
      First energy spectrum working group: HiRes, Yakutsk,  
      Telescope Array and Auger  
      à first systematic comparison between the measured spectra 
 
•  Utah (USA) October 2014  
      Energy spectrum working group: Telescope Array and Auger  
      à discussion on energy scale (improved determination of Auger)  
      à first discussions on energy spectra in different regions of sky 
 
•  this meeting 
      à use a larger exposure 
      à setup the analysis methods to compare the energy spectra in  
           the same declination band  
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TA energy 
spectrum 

(D.Ivanov) 

Auger energy 
spectrum 
(M.Roth) 
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Auger (ICRC 2015 preliminary)

Both collaborations  
•  consistency between measurements done with different analysis techniques 

(different systematics) 
•  all measurements have in common the same energy scale (from 

fluorescence measurements)  
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Auger combined (ICRC 2015)

Telescope Array combined (ICRC 2015)
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Comparison of the 
combined energy spectra  
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suppression 

good agreement 	
  

Is the difference at 
the highest energies 
due to experimental 

effects or to 
anisotropy signals?  
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Auger (ICRC 2015 preliminary)
TA 
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Auger - ICRC15  0.8 (syst)± 0.07 (stat) ±4.82 

TA - ICRC15  0.2 (stat)±5.2 
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TA - ICRC15  7 (stat)±60 
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Comparison 
of the 

combined 
energy 
spectra  
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UHECR-2014: fluorescence yield and invisible energy 

TA and Auger use different 
fluorescence yields  
and different  
invisible energy corrections 
 
They produce an almost 
constant energy shift (between 
5% and 10%) 
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Telescope Array 
 

T.Abu-Zayyad et al.,  In press on Astropart. Phys. (2014)  
arXiv:1305.7273 [astro-ph.HE] 

Auger (ICRC13) 

The total uncertainty is energy independent 

Systematic uncertainties in the energy scale 
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Calibration of SD energy estimators 
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Minimize the effect of 
anisotropies comparing the 
spectra in a declination 
band accessible by both 
experiments 

Hot Spot 
200 circular region 
centered at (α=148.40, δ=44.50) 

Common declination bands  	


              	



[-5.70,   24.80]      TA  θ < 450  vs  Auger ‘vertical’  
[-5.70,   44.80]      TA  θ < 450  vs  Auger ‘vertical’ + ‘inclined’  
[-15.70, 24.80]      TA  θ < 550  vs  Auger ‘vertical’  
[-15.70, 44.80]      TA  θ < 550  vs  Auger ‘vertical’ + ‘inclined’  

•  use Auger ‘vertical’                       à  δ < 24.80   
•    

•  use TA θ < 550 (larger statistics)   à δ > -15.70  
 
 

note: δ < 24.80  is a good choice since it excludes the Hot Spot    

θ < 600 	
  

θ > 600 	
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Auger ‘vertical’ spectrum for δ in [-5.70, 24.80] and [-15.70, 24.80]    

•  use 10 years SD-1500 data from 2004 to 2014 (ICRC15)          
•  total exposure 42527 km2 yr sr                         
•  13595 km2 yr sr   for   δ in [-15.70, 24.80] 
•    8575 km2 yr sr   for   δ in [  -5.70, 24.80]  

•  correct the SD energy estimator for weather and geomagnetic effects (new) 

•  forward folding technique to correct for event migrations (same corrections for all δ bands) 

N(>10 EeV) 
10763  
3369 
2147 
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Auger ‘vertical’ spectrum for δ in [-5.70, 24.80] and [-15.70, 24.80]    
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No declination dependence  
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Auger ‘vertical’ spectrum for δ in [-5.70, 24.80] and [-15.70, 24.80]    

No declination dependence  

Note: power laws with breaking points 
describe the Auger spectrum poorly   
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•  7 Years of TA SD Data 2008/05/11-2015/05/11 
 

•  Cuts 
–  Zenith angle < 55 degrees 
–  NSD >= 5  
–  Distance of the shower core from the             

border of the array > 1200m 
–  Geometry, LDF Chi2 / d.o.f. < 4 
–  Pointing direction uncertainty < 5 degrees  
–  S800 fractional uncertainty < 25%  
 

•  Using E > 10 EeV only 
–  Exposure 8300 km2 sr yr 
–  2890 events 
 

•  Resolution from MC 
–  Angular resolution ~1.5 degree above 10 EeV 
–  Energy resolution ~20% or better above 10 EeV 

TA SD data set (θ < 550) 
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Declination dependence of TA spectrum (θ < 550)   

difference (≈ 3.9 σ) in the position of the 2nd break point 

>	
  

>	
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Check of the TA SD spectrum calculation  

Spectrum calculated using this data set (RED) agrees with standard TA SD 
spectrum (BLACK) above 1019 eV 
 
(standard TA SD spectrum has θ<450 and goes down to 1018.2 eV) 
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same declination band declination bands don’t overlap 

Auger    vs    TA(δ < 260) 
 
Auger    vs    TA(δ > 260) 
 
Auger    vs    TA(θ < 450) 

-15.70 < δ < 24.80	
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same declination band declination bands don’t overlap 

Auger    vs    TA(δ < 260) 
 
Auger    vs    TA(δ > 260) 
 
Auger    vs    TA(θ < 450) 

-15.70 < δ < 24.80	
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Anisotropy Auger-TA WG: compare a flux measurement insensitive to 
anisotropies   

Different shape of the directional exposure 
functions:	


	


-  Auger ‘vertical’ very different from TA 

-  Auger ’inclined’ more similar to TA, but 
analysis not yet ready  

	
  

in [km-2 yr-1] 

the measurements of the two observatories should agree within the uncertainties	
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Data set 
 

Auger ‘vertical’ + 
‘inclined’ 
 

TA  θ < 550 – cuts for 
anisotropy analyses 
 

E > 10 EeV 
	



δ in [-150,400]  
 

for Auger, in order to get the same value of <Ψ>10>ΔΩ measured by TA, 
the energies have to be increased by ~15%  (8.55 EeV à 10 EeV)  	
  

agreement within the systematic uncertainties 

Compare <ΨΔΕ>ΔΩ for E > 10 EeV 

<Ψ>10 EeV>ΔΩ (Auger)	
  

<Ψ>10 EeV>ΔΩ (ΤΑ)	
  
≈ 0.75 ± 0.02 (stat. unc.) 
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Comparison of <ΨΔE>ΔΩ in independent energy bins (E > 10 EeV)   δ in [-150,400]   

•  bins such that there are 100 events in total in TA data set 

•  ~30 independent energy bins  
•  note: Auger energies shifted to match <Ψ>10>ΔΩ of TA   
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Working in progress to make cross checks with ‘standard’ spectrum calculations  
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Outlook 
•  Address if the difference between Auger and TA spectra at the highest energies is due to 

anisotropy signals or to experimental effects 

•  This is only a starting point:  refine the analyses tools, cross checks, systematics, ... 

•  Include the measurement of the energy spectrum with the Auger ’inclined’ events 
(θ>600)	
  

-15.70 < δ < 24.80	
  

Energy [EeV]
10 20 30 40 50 60

 F
lu

x 
R

at
io

0

0.5

1

1.5

2

�90 �70 �50 �30 �10 10 30 50 70 90
Declination d/�

0

2000

4000

6000

8000

10000

12000

D
ir

ec
tio

na
le

xp
os

ur
e

w
(d

)/
km

2
yr Auger SD sum

Auger SD-1500 (2004 - 2014)
Auger inclined (2004 - 2013)
Auger SD-750 (08/2008 - 2014) x 10
Telescope Array, q < 45° (05/2008 - 05/2015)
Telescope Array, q < 55° (05/2008 - 05/2015)

•  Analysis tools to study the flux in the common declination bands  
•  comparison of the energy spectra 
•  comparison of a flux measurement insensitive to 

anisotropies (in collaboration with the anisotropy WG) 
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back-up slides 
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•  directional exposure calculated 
for the TA SD data set θ<550, 
normalized to 8300 km2 sr yr 

•  use exposure normalization 
calculated by MC for each 
individual energy bin              
(0.1 log10(E/eV) binning) 

TA SD spectrum in the common declination band using the       
‘1/ω method’ developed by the anisotropy WG 
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δ in [-160,900]  δ in [-60,24.80]  δ in [-150,24.80]  

TA check: compare the spectra calculated with  
 ‘1/ω method’ (red)  with  full TA SD MC (black)  

good agreement in all declination bands 


