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Motivation
• High-precision energy measurement is essential for 𝑊/𝐻/𝑍 studies on future colliders
• Target: Jet energy resolution < 30%/ 𝐸
• Approach: Particle Flow Algorithm (PFA) + Highly granular 5D calorimeter + Machine Learning
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Motivation
• What is PFA?

• PFA: 𝐸!"# = 𝐸#$%&'"$ + 𝐸()*+ + 𝐸,)*+
• 60% charged particles → Tracker
• 30% photons → ECAL
• 10% neutral hadrons → HCAL

• High granularity calorimeter (imaging): 
• SiW-ECAL + AHCAL in ILD system

• 𝐸()*+ + 𝐸,)*+ as part of PFA & intrinsic performance of calorimeter
• In my case: software compensation in the ECAL-HCAL calorimeter system with dual-branch CNN
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Ref: arXiv:2107.10207v3

https://arxiv.org/abs/2107.10207
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Detector introduction

#. Layers Length Cell size Active material Absorber Type
SiW-ECAL 30 in 20 cm ~ 1𝜆! 0.5×0.5 cm2 Silicon Tungsten Non-Compensating

AHCAL 48 in 1 m ~ 5𝜆! 3×3 cm2 Scintillator Steel Non-Compensating

Si-W ECAL + AHCAL:
• Configuration: shown in table; Energy resolution of hadron < 60%/ 𝐸
• Different response for electro-magnetic/hadronic shower, degrade energy 

measurement precision
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SiW-ECAL
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SC Algorithm
Software Compensation Algorithm:
• For a hadron (𝜋-) in a non-compensating calorimeter

• Have electromagnetic components (e) and hadronic components (h), e/h >1
• 𝜋 = 𝑓". ) 𝑒 + (1 − 𝑓".) ) ℎ
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• 𝑒/ℎ: a constant value which depends on calorimeter

• 𝑓".: generated by 𝜋: in hadronic shower, fluctuates strongly from event to event, 

measured as the ratio of the energy deposited by electromagnetic components (i.e., 

photons and 𝑒± from 𝜋: → 𝛾𝛾 decays) to the total deposited energy.                          
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SiW-ECAL

AHCAL

• 𝒇𝒆𝒎𝑬𝑪𝑨𝑳

• 𝒇𝒆𝒎𝑯𝑪𝑨𝑳

SC Algorithm
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Software Compensation Algorithm :
• In my case, a hadron in a system (SiW-ECAL + 

AHCAL):
𝝅!
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• 𝑓". fluctuates strongly from event to event

• How to determine 𝑓". event-by-event basis?

• Dual-readout techniques

• Rich input from imaging calorimeter + Marchine Learning (Pytorch + CNN)

SiW-ECAL

AHCAL

𝒇𝒆𝒎 behaviour

62025/9/26
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• 𝑓". fluctuates strongly from event to event

• How to determine 𝑓". event-by-event basis?

• Dual-readout techniques

• Rich input from imaging calorimeter + Marchine Learning (Pytorch + CNN)

𝒇𝒆𝒎 behaviour
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EM 
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Hadronic 
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spread out

Delayed 
components
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SiW-ECAL

AHCAL
𝝅!
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Work flow

Identify targets: 
𝑓"$

Simulation &
Reconstruction

Data preparation 
& pre-analysis Training Results: 𝑓"$

Platform : NAF Desy 
Tool : dd4hep

Geometry : ILD
Particle : 𝜋% (QGSP_BERT)

Energy range : 0 – 150 GeV
Data set : 1 million
Output : .slcio

Platform : Openstack
(Cloud@VirtualData)

Output : .root

Platform : Ruche (UPSaclay)
Frame : Pytorch
Model : Dual-branch 3D CNN
Output : .pth

82025/9/26



DRD CALO | XIN XIA

Input
• Input Shape

• Ideal way: feed all calorimeter hits from both ECAL and 
HCAL into the network

• Problems:
• Excessive input size and memory consumption
• Many empty cells lead to sparse input tensors and 

inefficient computation
• Difficult for CNN to effectively exploit local 

correlations
• Solution:

• Construct a fixed-size voxel grid centered on the 
shower center-of-gravity (COG) in the transverse 
plane, ECAL=(40,30,40),HCAL=(40,48,40)

Center of 
gravity in X-Z
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Shuffling

• Data Handling & Shuffling
• Issue:

• 1M events (1k energies × 1k events); train/val/test split should reflect full spectrum, not 
block by energy

• random access in .h5 is slow
• Full shuffling causes OOM

• Solution:
• Use pre-chunked .h5 shards, mimic shuffle while avoiding OOM
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Model

112025/9/26

ECAL
(x, y, z, E)

HCAL
(x, y, z, E)

Concatenate

𝑓"."&%=Energy features

Spatial
features

𝑓".8&%=

𝐸0"1()*+, 𝐸0"1,)*+

convolution

convolution convolution

Particle energy

Black box

𝑓+, regression

Energy	regression

Loss	function	of		𝒇𝒆𝒎:	

𝑴𝑺𝑬 𝒙, 𝒚 =
𝟏
𝑵A

𝒊)𝟏

𝑵

(𝒙𝒊 − 𝒚𝒊)𝟐

Loss	function	of	energy:	

𝑺𝒎𝒐𝒐𝒕𝒉𝑳𝟏 𝒙, 𝒚 = L
𝒙𝒊.𝒚𝒊 𝟐

𝟐
, 𝒊𝒇 𝒙 − 𝒚 < 𝟏

𝒙 − 𝒚 − 𝟎. 𝟓, 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆
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Loss function

𝒇𝒆𝒎 regression energy regression

1batch: ~0.1s
1epoch: ~4h 
Limit: < 24h
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Results - 𝒇𝒆𝒎 regression

ECAL HCAL

Results of 𝒇𝒆𝒎𝑬𝑪𝑨𝑳 and 𝒇𝒆𝒎𝑯𝑪𝑨𝑳 :
• Overall,  the model shows 

good consistency between 
truth and prediction
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ECAL HCAL

Work in progress

Work in progress

Work in progress

Work in progress

Work in progress
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Results - 𝒇𝒆𝒎 regression
Results of 𝒇𝒆𝒎𝑬𝑪𝑨𝑳 and 𝒇𝒆𝒎𝑯𝑪𝑨𝑳 :
• Performance degrades at 

lower energies → requires 
refinement

• Futher step: reconstruct 
energy by +U and 𝑓+,
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Results – energy regression

152025/9/26

Results of energy prediction :
• Performance degradation at low

and high energies
• Low energies

• limited statistics
• High energies

• energy leakage
• Need future study

Work in progress Work in progress

Work in progress Work in progress
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Results – energy regression
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Preliminary results of energy reconstruction:
• Very preliminary → strong limitations at low & high energies
• Further refinement and validation required

Work in progress

Work in progress
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Summary & Plans
Summary: 
• Established a full software compensation chain using a dual-branch CNN 

with Si-W ECAL + AHCAL system
• 𝑓+, regression model shows accurate prediction, showing strong potential

for energy reconstruction
• Energy regression: get very preliminary results, showing potential; low and 

high energy regions require further improvement

Plans:
• Determine the energy resolution based on 𝑓+,
• Explore the use of timing information to further enhance reconstruction 

performance

172025/9/26
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Backup

182025/9/26
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𝒇𝒆𝒎 behaviour
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Energy leakage
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All predicted energy distribution


