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Setup 

•  First look at photon reconstruction of new software 
–  Context: mono-photon analysis for WIMP search 

 
•  Sample (generated by WHIZARD 1.95-DBD): 

e+e- à nu_e nu_e gamma 
sqrt(s) = 500 GeV (left-handed polarization only) 

•  Detector: ILD_o1_v05, simulated with Mokka 

•  Reconstruction: compare two versions 
1) v01-16-02 (DBD) 
2) v01-17-08 (improved photon finding in Pandora) 



Photon Reclustering 

A reclustering step is applied to take 
care of photon cluster fragmentation. 
 
I use a cone-based reclustering with a 
fixed cone angle. 

Half opening angle = theta/2 

Momentum vector 
of cluster	



Comparison 
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v01-16-02	
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Red: half opening angle = 0.03 
Green: half opening angle = 0.04 
Blue: half opening angle = 0.05 



v01-17-08, zoomed in 
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Energy Reconstruction 
half opening angle = 0.04 is applied. 



Photon Energy Resolution 

E_gen	 v01-16-02	 v01-17-08	
[0,50]	 4.66%	 4.93%	

[50,100]	 2.86%	 2.88%	
[100,150]	 2.39%	 2.38%	
[150,200]	 2.00%	 2.08%	

Distribution of photon energy for 
(Reco-MC)/MC, a measure of photon 
energy resolution 
 
Preliminary: 
1) Re-clustering applied but not 
reoptimized (new) 
2) Energy rescaling not applied (both)	

(Single Gaussian width)	
v01-17-08	

v01-16-02	 half opening angle = 0.04 is applied. 



Summary 

•  First look at photon reconstruction using new 
software. 

•  Photon cluster splitting looks much better right off the 
bat. 

•  Issues in energy reconstruction in the low energy 
region. 



Backup 



Photon Reconstruction 
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Figure 6.2: Average ratio of reconstructed to generated photons for the e+e− → ννγ SM
background as a function of (a) the MC photon energy Eγ, (b) the MC polar angle cos (Θγ)
and (c) the transverse momentum PT,γ. (d) shows the ratio in two dimensions, Eγ and
cos (Θγ).

The efficiency and purity are defined as:

ε =
# Found and correct matches

# Correct matches
(6.1)

p =
# Found and correct matches

# Found matches
, (6.2)

where # Found and correct matches is the number of photon candidates within the cone which
are also related to the generated photon, # Correct matches is the number of all reconstructed
photons related to the generated photon and # Found matches gives the number of photon
objects within the cone. Efficiency and purity of the merging procedure for different cone
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C. Bartels 
Thesis (2011)	

My plots	

Similar features observed.	



Comparison After Reclustering 
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Figure 6.4: Average ratio of reconstructed per generated photons for the process e+e− → ννγ
after merging procedure as function of (a) photon energy Eγ and (b) polar angle cos (Θγ).

6.4.2 Energy calibration

The energy calibration constants for the ECAL of the ILD experiment will be determined in
dedicated runs at the Z-pole energy by measuring the invariant mass of the electron system
in the decay Z → e+e−. The calibration constants used for the event reconstruction in
the ILD detector simulation are determined in a different manner. Samples of di-jet events
are simulated and the calibration constants for the ECAL and the HCAL are calculated
simultaneously by requiring the conservation of the total center-of-mass energy. Since these
constants are derived for the specific ratio of hadronic to electromagnetic energy in typical
jet events, they are not necessarily best suited for the reconstruction of pure leptonic and
photonic events.
In this analysis, the energy calibration has therefore been re-evaluated for photons from the
e+e− → ννγ background. Figure 6.5(a) shows the angular dependence of the average ratio
of reconstructed and generated photon energies Erec/Egen. The ratio is evaluated for photon
candidates associated with MC photons hitting the first active layer of the ECAL. Only
photons with energies above 2 GeV are considered. A fit to the most prominent features is
overlaid in Figure 6.5(a). Several distinct dips correspond to the geometric boundaries of the
different ECAL components. In the barrel/endcap overlap region around cos (Θ) ≈ 0.8 on
average less than 95% of the physical photon energy is reconstructed. The segmentation of
the ECAL barrel into modules is visible from the two dips at cos (Θ) ≈ 0.2 and cos (Θ) ≈ 0.6.
The difference in the segmentation-induced dips is due to the angle under which photons
from the IP reach the insensitive ECAL boundary regions. The remaining small deviations at
small cos (Θ) can be identified with the internal structure of each ECAL module consisting of
several staves (see Sec. 4.4). The photon energy is reconstructed to 99.4% of the MC energy
within the angular acceptance of the ECAL modules, which is indicated by the constant term
of the fit in Figure 6.5(a). Figure 6.5(b) shows the energy ratio in terms of the MC energy.
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Black: no reclustering 
Red: half opening angle = 0.03 
Green: half opening angle = 0.04 
Blue: half opening angle = 0.05 
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My plots	



Optimizing Reclustering 

C. Bartels, Thesis (2011)	
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Figure 6.3: Efficiency and purity of the matching procedure for different cone opening angles
from 0.03 to 0.12 radians: (a) for the processes e+e− → ννγ(N)γ with one to three radiated
photons on tree-level summed over polarization states and neutrino generations and (b) for
the specific process νeνeγ(N)γ with (Pe−; Pe+) = (−1.0; +1.0).

sizes are shown in Figure 6.3(a) for the e+e− → ννγ(N)γ SM background with final states of
one to three tree-level photons and combined for all simulated polarization states. Efficiency
and purity are close to one for all examined opening angles. For final states with two or
three photons the efficiency and purity are slightly lower since, with increasing probability,
cluster fragments of different MC photons are close to each other and are thus more likely to
get misassigned. Cone opening angles smaller than 0.04 rad rapidly decrease the efficiency
without any increase in purity. For this reason and because of a preference of purity over
efficiency, the opening angle has been set to 0.04 rad, corresponding to 2.3◦.
Even though polarized beams change the photon energy spectrum for electron-neutrino fi-
nal states by enhancing the t-channel W -exchange, the procedure is insensitive to beam
polarization as shown exemplary for the first neutrino generation and polarization state
(Pe−; Pe+) = (−1.0; +1.0) in Figure 6.3(b). Efficiency and purity differ only slightly from
the polarization and final state average in Figure 6.3(a).
The result of the merging procedure with respect to the ratio Nrec/Ngen is shown in Figure 6.4
in terms of the MC photon energy Eγ and the polar angle cos (Θγ). Deviations from unity
are below the percentage level within the acceptance of the ECAL barrel and endcap regions.
In the overlap region of ECAL barrel and endcap at cos (Θγ) ≈ 0.8 the ratio is at a level
of 1.02 (see Fig. 6.4(b)), which is considered a negligible effect. Figure 6.4(a) in particular
justifies the choice of a cone opening angle independent of the photon energy Eγ and polar
angle Θγ.
The following analysis uses only these combined photon objects.
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Figure 6.2: Average ratio of reconstructed to generated photons for the e+e− → ννγ SM
background as a function of (a) the MC photon energy Eγ, (b) the MC polar angle cos (Θγ)
and (c) the transverse momentum PT,γ. (d) shows the ratio in two dimensions, Eγ and
cos (Θγ).

The efficiency and purity are defined as:

ε =
# Found and correct matches

# Correct matches
(6.1)

p =
# Found and correct matches

# Found matches
, (6.2)

where # Found and correct matches is the number of photon candidates within the cone which
are also related to the generated photon, # Correct matches is the number of all reconstructed
photons related to the generated photon and # Found matches gives the number of photon
objects within the cone. Efficiency and purity of the merging procedure for different cone

Differences observed in: 
•  maximum efficiency lower à recheck definition / veto criteria	
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Energy Calibration 
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Figure 6.5: Ratio of reconstructed to generated photon energy as a function of (a) the polar
angle and (b) the generated energy. A fit to the most prominent features in the angular
dependence is overlaid. The dips of the ratio in (a) correspond to the geometric boundaries of
different ECAL components. Within the angular acceptance of the ECAL modules the photon
energies are reconstructed to 99.4% of the MC energy, indicated by the constant term of the
fit.

Over the full energy range from 2 GeV to 250 GeV the ratio is relatively constant at a level
of 97% of the generated photon energy.
For further analysis the reconstructed photon energy is calibrated versus the photon polar
angle cos (Θ) according to the fit displayed in Figure 6.5(a). The ratio Erec/Egen with the
correction applied is shown in Figures 6.6(a) and (b). It is equal to unity for the constant fit
over the full range of polar angles, as displayed in Figure 6.6(a). The very small remaining
energy dependence below 100 GeV, where most of the signal events are expected, can safely
be ignored (Fig. 6.6(b)). The effectiveness of the angular calibration method shows that the
average reconstructed energy of 97% in Figure 6.5(b) is dominated by losses in the cracks
between ECAL modules.

6.4.3 Reconstruction efficiencies

The photon reconstruction efficiency εrec, defined as the probability of detecting a photon
from the relevant physics interaction, is influenced by several factors. One of the factors
responsible for a reduced reconstruction efficiency is photon conversions into e+e− pairs in
the detector material of the tracking system. The amount of material particles traverse on
their way to the calorimeters depends on the polar angle with respect to the beam axis, thus
the conversion probability is angle dependent as well. The distribution of insensitive material
in the detector introduces an additional polar angle dependent reduction of the number of
detected photon events. Furthermore, the effectiveness of the reconstruction algorithms has
to be considered.

C. Bartels 
Thesis (2011)	

My plots	



Correct the reconstructed photon energy using the reconstructed photon angle	
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My plots 
BEFORE 
calibration	

My plots 
AFTER 
calibration	

TODO: (1) compare reco/mc variables (2) resolution and reco. efficiency after calibration	


