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Motivation
• Physics program at future  collider experiments (ILC, CLIC) includes:


• Higgs precision measurement


• Search for physics beyond the SM


• Electroweak precision measurement


→Requires precise reconstruction of all final states 

→In turn needs jet energy resolution of 3 - 4%

e+e−
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Requires capable detector system and advanced reconstruction methods
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Particle Showers
• Particle shower consists of EM and hadronic component


• EM showers are denser than hadronic ones


• Fluctuations of energy deposited in electromagnetic 
component


• Hadronic shower has invisible energy


• Different response to hadronic and electromagnetic 
component of shower depending on the calorimeter


→ Results in deterioration of energy resolution 

→ Can be fixed hardware or software wise  
Electromagnetic

Hadronic
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Particle Showers
• Particle shower consists of EM and hadronic component


• EM showers are denser than hadronic ones


• Fluctuations of energy deposited in electromagnetic 
component


• Hadronic shower has invisible energy


• Different response to hadronic and electromagnetic 
component of shower depending on the calorimeter


→ Results in deterioration of energy resolution 

→ Can be fixed hardware or software wise  
Electromagnetic

Hadronic
Recover energy resolution with local software compensation
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CALICE Calorimeter
AHCAL: 

• Sampling calorimeter


• Active layer consists of:

• Plastic scintillator


• SiPM


• High spatial resolution enables new reconstruction techniques 


Assembled layerSingle cell

3 cm

3 
cm
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Local Software Compensation
Local software compensation idea: 

• Exploit high granularity of calorimeter


• Apply different weights to hits


• Correct difference in response 


• Improve energy resolution
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Local Software Compensation
Local software compensation idea: 

• Exploit high granularity of calorimeter


• Apply different weights to hits
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Local Software Compensation
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• Divide hit energy spectrum into bins with same amount of energy


• Apply weight for each bin for each event

Reconstructed energy for each event:

Energy dependent weights :

Loss function in order to find optimal bin weights:
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Penalty Term
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CALICE W-AHCAL

• Sampling calorimeter


• Equipped with tungsten as absorber


• Nearly self compensating


• Prototype was considered for CLIC


• Plastic scintillators combined with SiPMs as active layer


Dataset: 

• Recorded at the CERN SPS 


• Negative pions from 10 - 80 GeV for main analysis


• Positive pions from 20 - 80 GeV for crosscheck


 W Absorber

3.8 λI

38 layers 10 mm

Scintillators + SiPMs 
7608 channels

Active layer

Particle
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Results W-AHCAL
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Results W-AHCAL
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Results W-AHCAL
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• Main improvement caused by low energetic hits located in the first bin


• W-AHCAL nearly self compensating


• Improvement caused by correcting for fluctuations in hadronic component
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CALICE Combined System

 Datasets 

• CERN, negative pions 10-80 GeV


• FNAL, negative pions 4-60 GeV


• Monte Carlo (FTFP_BERT, QGSP_BERT) , negative pions 4-80 GeV


24.6 X0 5.2 λI 5.8 λI
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Results Combined System
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Results Combined System
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• Weights change for all bins


• Improvement mainly caused by correcting for 
fluctuations between electromagnetic and 
hadronic component



Christian Winter MPP PhD Recruiting Workshop 14

Weight Comparison
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Summary & Outlook
• Physics program at future linear collider requires precise reconstruction of all final states

→Highly granular calorimeter + Local software compensation 

• Local software compensation with penalty term successfully proven to be a stable method 


W-AHCAL: 

• Nearly self compensating


• Improvement up to 10 %

Combined calorimeter system: 

• Improvement up to 23 % for testbeam data


Outlook: 

• Data of new prototypes can still be investigated


• Timing of new prototypes provides new dimension to software compensation




Backup
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Results Combined System
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Global Software Compensation

Ecor = Esh ⋅ (a + b ⋅ Esh + c ⋅ E2
sh)

Esh =
Clim

Cav
⋅ Edep

• Apply one weight to each event


• Choose threshold to divide hits


• Correction factor is estimated as fraction 
of hits below threshold


• Free parameter are extracted from fit
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Scaling Factor
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• Scaling factor scales contribution of penalty term


• For W-AHCAL: 0.03


• For combined system: 0.1


• Exact value is not important
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W-AHCAL Global & Local SC

10 20 30 40 50 60
 [GeV]beamE

0.8

0.85

0.9

0.95

1

1.05

1.1ST
σ/

SC
σ -πGlobal SC, 

-πLocal SC, 

10 20 30 40 50 60
 [GeV]beamE

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

re
co

/E
re

co
σ

 0.16 GeV/E⊕ b ⊕ E/GeVFit: a/

2.81%±6.09% b: 5.08±a: 59.85
.-πStandard Reco, 

3.78%±9.09% b: 5.02±a: 52.69
.-πGlobal SC, 

2.16%±5.38% b: 5.15±a: 51.99
.-πLocal SC, 

• Only stable performance up to 60 GeV


• Similar performance of both methods

CALICE W-AHCAL 
work in progress

CALICE W-AHCAL 
work in progress
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Linearity
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Timing Information
Absorber Scint
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• Reject background  


• Improve clustering 


• Use in software compensation to identify components of showers
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CALICE Prototypes


