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Validation of electromagnetic shower shapes using high-energy 
bremsstrahlung

 
photons in 2008 cosmic-ray data

The lateral and longitudinal shower shapes measured in the first

 

(strip) and 
second (middle) compartment of the electromagnetic calorimeter are key 
components for electron and photon identification.

Data sample : 3.5 million events with high-level trigger (L2) track candidate 
reconstructed online in barrel inner detector. After requiring an electromagnetic 
cluster with transverse energy above ~3 GeV, 943000 photon candidates are 
selected.

Simulation : 
-

 

11.7 million cosmic-muons

 

following the known energy and angular 
spectrum and tracked from the surface to the bottom of the ATLAS

 detector. The muons

 

are required to go through the geometrical volume 
defined by the inner detector. 

-

 

200000 events consisting of single photons of 5 GeV

 

transverse 
momentum originating from the interaction point (projective photon in the
barrel).
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Event selection

-

 

Select high energy deposit in the calorimeter 
Ecluster

 

> 5 GeV

-

 

Additional cuts to match the difference in acceptance between data and 
cosmic-ray simulation (loose projectivity)  :  
at least one Si

 

track |d0| < 220 mm and pT

 

> 5 GeV

-

 

Select  “collision-like”

 

photon candidate. The comparison of the fraction of 
energy deposited in the strip layer for the cosmic-ray events (data and 
simulation)  and for the simulated projective single photons (see slide 3)
justifies the cut :         Estrips

 

/E cluster

 

> 0.1 
This distribution demonstrates clearly the agreement of the longitudinal 
shower development between data and simulation of non projective

 photons produced by cosmics

 

muons.

-

 

After all selection cuts, the remaining sample consists of 1200 candidates 
for the data and of 2161 for simulation. Their energy spectra (slide 4) are 
also in agreement. 
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Shower shapes in middle layer

Slide 6 : The lateral shower containment in the middle layer (granularity  
ΔηxΔϕ

 

= 0.025 x 2π/256) is compared with cosmic-ray simulation in both 
directions : 
-

 

Along η

 

:  Ratio of energy in a ΔηxΔϕ=3x7 cells cluster size 
with respect to a 7x7 cells cluster size

-

 

Along Φ

 

: Ratio of energy in a ΔηxΔϕ=3x3 cells cluster size 
with respect to a 3x7 cells cluster size

Both distributions are well described by the simulation and can be considered
as robust variables for electron/photon identification with early data.
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Shower shapes in strip layer 

Slide 8 : The lateral shower containment in the strip layer is compared
with cosmic-ray simulation : 
-

 

Ratio of energy outside core of three central strips but within seven 
central strips (called Fside

 

=(E±3

 

-E±1

 

)/E±1

 

)
-

 

Core shower width measured over three strips around the strip with 
maximum energy

The sample is divided into top (ϕ>0) and bottom (ϕ

 

<0) categories. The shower 
development is expected to be quite different between these two categories as
the muon

 

is entering inside the calorimeter through the back or front layer.

All distributions are in agreement between data and simulation, demonstrating 
in particular the correct level of description of the cross-talk in the simulation 
(~5% between neighbouring strips). As expected for ϕ

 

<0, the shower 
profile is narrower and corresponds to showers initiated in the inner detector or 
the cryostat wall, while for ϕ>0 they are more likely to be initiated in the middle 
(or even back) layer.
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Dependence of strip variables on projectivity
 

Δθ

Δθ

 

is defined as the angle between
-

 

the direction of the shower and
-

 

the direction defined from the centre 
of the detector  to the centre of the 
cluster 

Slide 10 : the profile of Fside

 

as a function of  Δθ. For clearly non-projective 
showers (|Δθ|

 

>0.10), Fside

 

is observed as expected to be much larger on 
average, especially for the photons candidates with ϕ

 

< 0.

Slide 11 : The average lateral profiles in the strips are compared for data and 
simulated  cosmic-rays, and also projective single photon showers. The 
profiles are presented for projective showers (|Δθ|

 

<0.10) and for non 
projective showers (0.10<|Δθ|

 

<0.20). These plots also show clearly the 
widening of the showers as they become less and less projective 
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