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Introduction

All techniques mentioned so far have sought to calibrate 
the light efficiency of the CTA telescopes


However in order to construct a spectrum the measured 
intensity must be used to estimate the energy of the event


In order to perform this reconstruction comparisons must 
be made to simulations


Monte Carlo air shower simulation


Telescope and Electronics simulation


In both these steps systematic differences from 
observations can creep in


Can manifest in shift in both the reconstructed energy and 
effective collection area



Source of Systematics

files to disk. At peak times of MC production, up to 2000 simulation jobs
can run in parallel. The large distributed data storage space (several 100 TB
on disks and tapes) makes it also possible to temporarily store CORSIKA
files for later reprocessing, to compare for example the same showers as seen
with different nightsky background or for different telescope implementation
details. It is foreseen to equally perform the further processing and analysis
of the simulated data on the Computing Grid in the near future. In addition,
massive simulations have been carried out on local CPU clusters at several
CTA member institutes and the data are provided for download and were
used for the baseline analysis as well as for some of the alternative analyses.

The Cherenkov light production from γ-ray events simulated with COR-
SIKA has been cross-checked against another air shower generator (KASCADE-
C++) currently in use within the H.E.S.S. collaboration. This code had been
developed by the ARTEMIS-Whipple, CAT, and H.E.S.S. collaborations,
based on the original KASCADE code [23]. The Cherenkov light profile gen-
erated by the two air shower codes agrees to within ∼5% (cf. Fig. 1), resulting
in consistent telescope trigger rates and photo-electron (p.e.) distributions
in the camera.
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Figure 1: Simulated Cherenkov light profiles (in p.e. collected by the camera on a 106 m2

H.E.S.S. telescope [24, 25]) for vertical γ-ray showers at 500 GeV (left) and 1 TeV (right) for
CORSIKA and KASKADE-C++, as a function of the impact parameter. No atmospheric
extinction of the Cherenkov light has been applied.

The simulation of the cosmic ray background is subject to our still limited
knowledge of hadronic interaction processes at very high energies. Detailed
comparisons of the different interaction models available in CORSIKA can
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Figure 3: Average number of pixels with a given raw intensity (in units of photo-electrons)
for the same 100 simulated air showers seen by SMASH (red filled circles) and sim telarray
(black open squares).

data acquisition. One of the standard Hillas-type analysis chains was applied
to the real and fake data. Fig. 4 shows the good agreement (typically at the
5% level) between the simulated and detected shape of the shower images,
as characterized by their Hillas width and length parameters.
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Systematic uncertainties are present at several 
levels in the simulation chains


Studies were performed in CTA-MC work 
package comparing different simulation chains


MC shower simulations show a difference of 5% 
in Cherenkov light yield


Telescope simulations seem more consistent 



Reconstruct spectrum

In order to quantify the effect of scaling we need to compare results to 
another instrument (that does not suffer from the same systematics)


Typically this is a satellite measurement (such as Fermi)


We could try to reconstruct the spectrum of a source and compare this to 
the known value


Requires knowing the source spectrum very well


Problematic with power law sources


Need a easily observable source, with a strong spectral feature...

Effective area or 
energy scale???
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Cosmic Ray Electrons

Cosmic ray electrons are seen in all IACT 
observations (we can use already available 
observations)


They have a strong spectral break 

(-3 to -4.1) at 900 GeV


HESS, MAGIC & VERITAS have already 
been able to measure this spectrum

Ambiguity 
broken
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Current generation observatory 
measurements took around 100 hours of 
data


Likely not sensitive enough to allow short 
timescale checks (daily, weekly etc)


But CTA has >10 times the effective area 
and 3 times the rejection power...

Normalisation / Aeff

Energy break



Electrons with HESS

In order to test how well this measurement can 
be made we must first reconstruct the electron 
spectrum with CTA


Use the same method as HESS


Create a neural network to distinguish protons 
and electrons


Fit the “data” distribution with proton and 
electron distribution to determine relative 
contributions


Measurement will have large systematics due 
to lack of knowledge of the “true” proton 
distribution



Electrons with CTA

Tests were made using CTA production simulations 
with array I


Systematics difficult to evaluate as we have no real 
data and only small numbers of simulations with 
different interaction models


MVA trained and model distributions constructed for 
electrons and protons


“Data” distribution constructed by taking expected 
addition of the 2 components with Poissonian noise


Relative normalisation of the 2 components then fit to 
the data distribution


Used to construct histogram of Nelec vs energy and 
hence spectrum
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Electron Calibration
200 realisations of the spectrum (with 
different noise) produced


Forward folding fit of electron spectrum, 
leaving normalisation and Ebreak free 
performed


Evolution of the RMS of fit parameters with 
observation time calculated
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Current Work
All previous studies were performed using 
Prod 1 simulations


Now this work is being updated to use Prod 
2 simulations


Paper writing has also begun


Will be submitted to Astroparticle physics


Should be ready for WP review in the next 
few months (depending on paper 
classification)
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Abstract

Cosmic ray electrons represent a background for gamma-ray observations with Cherenkov telescopes, initiating air-
showers which are di�cult to distinguish from photon-iniated showers. This similarity, however, and the presence of
cosmic ray electrons in every field observed, makes them potentially very useful for calibration purposes. Here we
study the precison with which the absolute energy scale and collection area/e�ciency for photons can be established
using electrons for a major next generation instruments such as CTA. We find that variations in collection e�ciency
on hour timescales can be corrected to better than 5%. Furthermore, the break in the electron spectrum at ⇠1 TeV can
be used to calibrate the energy scale at the 10% level on the same timescale and with negligable statistical error for
timescales of 10s of hours, allowing an absolute energy scale cross-check with instruments such as CALET and AMS
Cosmic ray electrons therefore provide a powerful calibration tool, either as an alternative to intensive monitoring and
modelling of the atmosphere, or for independent verification of such proceedures.
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1. Introduction

Electrons (and positrons) represent ⇠1% of the cosmic
ray flux at XXX GeV energies. After the hadron-rejection
cuts typically made for Cherenkov telescope arrays, how-
ever, they represent a dominant background over a wide
energy range, with improving hadron rejection compen-
sating for the steeper electron spectrum (simE�3.3 versus
⇠ E�2.7) up to the sharp break in the electron spectrum at
around around 1 TeV Aharonian et al. (2008). The elec-
tron background is uniform on the sky at the <X% level ?
at X GeV, and expectations for anisotropy are significantly
smaller ⇠ 0.X% in typical models (see e.g. ??) even up
to a few TeV. They are therefore present in every field ob-
served by Cherenkov telescope arrays, with close to equal
flux, and readily separable from proton and nuclei using
modern background-rejection methods Aharonian et al.
(2008); ?); ?); ?); ?. Once the electron spectrum is known,
the rate and spectrum measured in a given observation can
be used to correct for atmospheric and instrumental devi-
ations from the ideal case, or to check that atmospheric

and instrumental corrections have been successfully ap-
plied. The advantages over cosmic ray protons and nuclei
for this purpose (see for example ?) is the close sim-
ilarity of gamma and electron showers in terms of mor-
phology and depth of maximum (albeit with a half radia-
tion length shift) and the presence of a distinct feature in
the CR electron spectrum: the 1 TeV break. This feature
raises the prospect of independently establishing collec-
tion area and energy scale changes, something which is
impossible using power-law spectra. The spectral break
position in electrons will be established independently by
future ground-based Cherenkov telescope arrays and by
space-based instruments such as CALET ? and perhaps
AMS (M. Aguilar et al. (2014)), providing a means for
cross-calibration of the absolute energy scale.

Measuring the cosmic ray electron spectrum with an
array of Cherenkov Telescopes is, however, a significant
challenge. The H.E.S.S. collaboration was the first to
demonstrate that this is possible, applying hard selec-
tion cuts (4 telescope multiplicity and a random forest
approach) (?). Subsequently, these measurements were
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CALET Payload Overview�

ASCK(Advanced 
Stellar Compass)�

GPSRK
(GPSK
Receiver)�

CAL/CHD�

CAL/IMC�
CAL/TASC�

CGBM/
SGM 

MDCK(Mission 
Data Controller)�

FRGF( Flight 
Releasable 
Grapple Fixture)�

! Mass: 650kg (Max) 
!  JEM/EF Standard Payload Size 
    (1850L×800W×1000H in mm) 
!  Power: 650W (Nominal)�

!  Launch carrier: HTV-5 
!  Planned location: JEM Port 9 
!  Launch target date: FY 2014 
! Mission period: More than 2 years 

   (5 years target)�
!  Data rate:  

"  Medium data rate: 300 kbps 
"  Low data rate: 35 kbps�

CGBM/
HXM 

Japanese Experiment Module  
Exposed Facility�

August!!28,!2013� TeVPA2013� ��

What Experiment to Compare to?

This method however relies on having a well 
measured electron spectrum beyond the spectral 
break


Could compare to strongly selected CTA data 
(relative calibration)


High statistics satellite data should be available in 
the near future


AMS-02 is currently taking data, but unclear if it can 
measure electrons > 1 TeV


CALET experiment should be able to measure multi-
TeV electrons


Launched this year, should have a spectrum 
available in a few years
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Conclusions

In order to calibrate the absolute energy scale CTA results must be compared to other 
instruments


Strong, well measured source required to make comparison


Cosmic ray electron spectrum may be a useful tool in the high level calibration of effective area 
and energy scale for CTA


Can only check the gross behaviour of the array (not individual telescopes)


This shape can then be fit to short timescale observations and the changes in flux normalisation 
and break energy observed


In order to reach a 10% fit accuracy only 10 mins of data needed for effective area and 40 mins 
needed for break energy


Low enough to be taken from extragalactic runs in a single night


Could be used to scale effective area and energy scale


