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Position and Energy Correction & resolution study



ECAL on LHCb
 LHCb: one of main experiments on LHC, CERN

 ECAL: electromagnetic calorimeter
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Designed energy resolution:
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⊕ 1% Position and energy measurement for �, �−, �0



ECAL after Upgrade of LHCb
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 Higher Luminosity (~1034 cm−2s−1)

 Pile-up (�~30)

 Occupancy (≲ 10% baseline)

 Radiation (≲ 100 Mrad for 300 fb−1)

 Upgraded ECAL needed

 Adding time measurements

 Better resolution

Increase

Beam Pipe

ECAL surface



Motivation
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Inner region

Outer regions 
(remain Shashlik): 

 Material  and 
technique upgrade

Shashlik 
module

Spacal 
module

 New ECAL performance study 

Overall design: 

 Finner module region 
segmentation (along 
event rate distribution)

 Smaller cell size 

LHCb Unofficial



Reconstruction

 Cell readout: energy deposition

 Reconstructiion: 

 readout → shower characteristics → 
particle physics quantities
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 Bias in reconstruction algorithm

cell 
~ Moliere radius seed: local 

maximum energy

shower
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� × � cluster

major energy 
deposites in 3×3 
cluster



Longitudinal Correction

LHCb Unofficial
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 R e g i o n  5  c o r n e r

∆� = �0 + �1 ln  � GeV + �2 ln2  � GeV 

Sample point

Binned average data

Fitting curve

 Single photon simulated samples

 Cluster depth varies with particle 
energy 

�

after corr (actual shower position) 

before corr

photon 
direction



S-shape Transverse Correction

LHCb Unofficial
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Piece-wise exponential energy deposition

 → S-shape corr   �푐,  �푐 = � sinh−1  2  ��, �� �  cosh �
2�
 

�: cell size，�: exponential parameter
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cluster energy
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reconstructed 
position

cell

seed



Resolution Research
LHCb Unofficial
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 Position resolution ~ mm  Energy resolution ~ 10% � GeV

simulated sample (without pile-up)



 Correction software 

 Reconstruction of simulated photon samples

 Position and energy resolution for new LHCb ECAL

Conclusion

Further Development
 Resolution study using simulated samples with pile-up

 Generate simulated decay channel sample for further 
performance study
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Thanks for attention!
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Backup
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Now

ECAL structure upgrade Higher Luminosity

Upgrade II

Motivation
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 Higher Luminosity (~1034 cm−2s−1)

 Pile-up (�~30)

 Occupancy (~10% baseline)

 Radiation (~1 MGy for 300 fb−1)

 New ECAL needed

 Adding time measurements

 Better resolution

Increase



Energy Correction

un-corred

first step

second step

LHCb Unofficial
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 Correct by filling hists

 Step 1: 

 energy bias regarding 
distance between 
shower and seed cell

 Step 2: 

 energy bias regarding 
front-back energy ratio

 R e g i o n  5  c o r n e r
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