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Intermediate task: 
 

Build prototype calorimeters to 

• Establish the technology  

• Collect hadronic showers data with 

unprecedented granularity to 

- tune reconstruction algorithms 

- validate existing MC models 
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CALICE: from MC to reality 

Final goal: 
 

A high granularity calorimeter optimised 

for the Particle Flow measurement of 

multi-jets final state at the International 

Linear Collider  

CAlorimeter for the LInear Collider  Experiment 

Si-W ECAL 

Scint. Tiles-Fe AHCAL 

Scint. Strips-Fe TCMT 

Imaging  

calorimeter 

http://www.ep.ph.bham.ac.uk/exp/CALICE/
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The test beam prototypes 

Si-W Electromagnetic calor. 

1x1cm2 lateral segmentation 

1 X0 longitudinal segment. 

~1   total material 

Scint. Tiles-Fe hadronic calor. 

3x3cm2 lateral segmentation 

~0.1 /layer,   38 layers  

 

Scint. Strips-Fe Tail Catcher 

& Muon Tracker 

5x100cm2 strips 

~5  in 16 layer 

10 GeV pion shower   

@ CERN test beam 

http://www.ep.ph.bham.ac.uk/exp/CALICE/
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Event display 

Shower from a 40 GeV + 20 GeV + 

HCAL only 

REAL DATA! 

Clear structure visible in hadronic shower Back-scattered particle 

http://www.ep.ph.bham.ac.uk/exp/CALICE/
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ECAL event display 

ECAL (Si/W) ECAL (Si/W) 

http://www.ep.ph.bham.ac.uk/exp/CALICE/
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G4 discontinuity in hadronic models 

Unphysical 

step between 

model validity 

range  new phys. lists created to avoid 

LHEP as stop-gap and improve 

transition regions   
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Mikhail Kosov  

Important open issue:  

 Expected too high reconstructed energy  
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 fEM should be more accurate then in other models 

Mikhail Kosov  

Expected too long shower (as opposed to other lists which predict  

Too short showers since they don’t include diffraction)  

Additional recommendation emerged during discussion with G4 team 

Check the multiplicity of particles after the first interaction 

 !!! Possible on very highly segmented calorimeters 
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Total visible energy 

Different behavior at low 

and high energy 

As expected CHIPS over 

estimates reconstructed E 

but no E-dependent 

transition region  

shower almost contained in AHCAL 

Fe  PhD thesis  

B. Lutz 
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AHCAL longitudinal shower profile  

As expected from (un-tuned) diffractive processes CHIPS too long shower  

from calorimeter front face             from shower starting point 

PhD thesis  

B. Lutz 
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QGSP_BERT 

 

 

 

 

FTF_BIC 

 

 

 

 

CHIPS 
8 GeV                                  18 GeV                                  80 GeV 



 center of gravity in 

longitudinal direction  

 

All models ~ 5% too 

short showers apart from 

CHIPS 

FTF models perform 

better than QGS ones 

RMS of longitudinal   

shower distribution 

 

CHIPS ~6% too broad 

showers, while other 

models are ~3% too 

compact 

AHCAL (Scint./Fe) AHCAL (Scint./Fe) 
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ECAL longitudinal shower profile 



 center of gravity in 

longitudinal direction  

 

Larger disagreement at 

low energy  

All models ~ 5% too 

short showers apart from 

CHIPS (>10% too long) 

RMS of longitudinal   

shower distribution 

 

CHIPS ~5% too broad 

showers, while other 

models are  up to 2%  

more compact 

ECAL (Si/W) ECAL (Si/W) 



 mean shower radius  

     in lateral direction 

 

CHIPS and FTF models  

agree with data at 2-3% 

level, QGS models large 

E dependence 

RMS of lateral   

shower distribution 

 

ECAL (Si/W) ECAL (Si/W) 



16 

try to access a variable 

proportional to “fEM” 

ECAL (Si/W) ECAL (Si/W) 
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AHCAL Track multiplicity  

Count number of track segments in AHCAL 

hadronic shower  

AHCAL (Scint./Fe) AHCAL (Scint./Fe) 



Pflow studies with CALICE data 
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Use CALICE hadronic showers with a track in ECAL 

Overlay two events with same or different E 

Remove incoming track from one event (neutral-had)  

 

Apply PandoraPFA to find clusters  

Compare cluster energy with calo-true energy for the  

reconstructed neutron 

10 GeV h0 

 

 

10/30 GeV h± 

distance  

• No hidden imperfections in the real data 

which could deteriorate the PFA 

performance were found 

• The PandoraPFA performance for the 

real data is as god as for MC simulation 



Pflow studies with CALICE data 
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Deviation between cluster energy and 

energy measured in the calorimeter  

for the “neutral” 10 GeV hadron 

Probability to recover the 10 GeV 

neutral hadron energy within 3  from 

its real energy 
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Conclusions  

• High granularity of CALICE offers unprecedented possibilities to 

investigate hadronic showers 

 

• Active collaboration between CALICE and G4 in hadronic shower 

model studies 

 

• First preliminary results demonstrate the discrimination power of 

highly granular calorimeters 

 

• First test of PandoraPFA on data were performed.  
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G4 9.2 vs 9.3.1 
improvement in BERT linearity, BIC linearity worse   

significant improved FTF transverse physics 


