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IDEA Detector concept 
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IDEA Tracking System Layout 
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IDEA (tracking system) – layout v1

For the CDR the IDEA collaboration defined a more realistic/detailed layout (v1) for the whole apparatus
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� Study was performed with a standalone geant4 simulation:
� Geant4 10.01 p03
� Physics List: QGSP_BERT 4.0
� 2T Constant Magnetic Field, G4ClassicalRK4 particle motion integrator
� particles generator used: General Particle Source

� DCH is simulated at a good level of  geometry details;
� SVX, SOT, PSHW are simulated as simple layer or overall equivalent material;
� Detector signal hits creation:

� DCH: all the hits in a cell coherent in max drift time are grouped together to create a hit 
with proper DCA smeared with a resolution of 100um.

� SVX, SOT, PSHW: the hits are translated in pixel/strip information.

� The KF (GenFit2) is used to perform this study on the expected tracking system 
performances on track fitting;

� Track selection criteria: only a quality cut on Chi2/nDof < 25 was applied;
� we performed a scan of  the resolutions as a function of  momentum for different 

ƨ angle (90, 75, 65, 45, 40, 30, 20, 10 deg).

IDEA tracking system – Simulation details

01/08/2019 G.F. Tassielli - 11th FCC-ee workshop - CERN 2/13

Drift Chamber detailed Full Simulation with Geant4, hit creation and track 
reconstruction code available
New: To investigate the potential of Cluster Counting technique (for the He based 
DC) on physics events needs to validate the simulation from Garfield/Geant. 

Results based on Garfield simulations in a 1 cm cell of the IDEA drift chamber 
and for 1 m track lengths. Longer tracks under simulation.
Comparison with  Geant4 simulation in progress



Expected Tracking Performance
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IDEA – layout v1 – Expected tracking performance

BARREL: FORWARD:
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NOTE:	the	tracking	resolu5on	is	with	a	pessimis5c	silicon	resolu5on.	If	you	use	what	has	been	used	by	
both	CLD	and	the	CEPC	baseline	the	resolu5on	asympto5c	is	3x10^-5	rather	than	4x10^-5	



Clustering Studies With Garfield
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Number	of	ionization	clusters	in	1	cm	
of	He/iC4H10	for	a	300	MeV/c	muon	
Notice	the	Poisson	nature	of	the	
distribution:	Std	Dev	=	sqrt(Mean)

Number	of	ionization	electrons	in	1	cm	
of	He/iC4H10	for	a	300	MeV/c	muon	
Notice	the	typical	Landau	fluctuations	
of	the	distribution.	
Average	number	of	electrons	per	
cluster	=	1.7

Ncl

Ne



Particle separation in 1cm of gas
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Ncl	vs	p

σNcl	vs	p

1	cm	of	gas

"poissonianity"

Preliminary



Particle Separation 
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1	m	of	gas

Preliminary



Dual Readout Calorimeter Status
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Geant4 fully projective fiber calorimeter description available in GitHub/lxplus
Projective towers, fibers are 1mm diameters, and 0.5mm absorber (copper) 
between two fibers
130million fibers in the whole IDEA detector

Performance  studies with single particles, jets and physics events
Reconstruction code developed to reconstruct 2 jets final states. Exclusive jet 
clustering with N=2. Now moving on to 4 and 6. 
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Geant4 Simulation

• INFN code on [github].  
How to run locally or with cvmfs  
sourcing [TWiki].  
 
Geometry adapted to the IDEA 
drift chamber volume. 

• South Korea code on [github]. 
 
Geometry inspired by the (ILC) 4th Concept 
proposal.  
Very similar to CEPC CDR IDEA.

Currently we support two Geant4 applications of a fully-projective tower-based dual-readout calorimeter. 
They are both evolving but can already be used for several studies.
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Geant4 Simulation

• INFN code on [github].  
How to run locally or with cvmfs  
sourcing [TWiki].  
 
Geometry adapted to the IDEA 
drift chamber volume.

A Geant4 applications of a fully-projective tower-based dual-readout calorimeter is available.

• Towers are G4Trap() physical volumes with 
slightly different shapes changing with θ. 

• Fibers are 1mm diameter G4Tubs(), 0.5 mm 
of absorber material (copper) between two 
adjacent fibers is considered. 

• With INFN code we estimated about 130 
million fibers for the whole IDEA detector.
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Event Reconstruction
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Event reconstruction

• Studies based on 6 samples of e+e- -> qq produced with different 
Ecm: 30, 50, 70, 90, 150 and 250 GeV generated with PYTHIA8 and 
passed to the Geant4 Simulation. 

• Scintillation and Cherenkov signals from each tower are fed into a 
single input vector of FastJet and a generalized Kt algorithm is used 
with a value of 2pi for the R parameter to cluster 2 exclusive jet.  
All energy deposits are used for jets.  

• Separated Cherenkov and Scintillator jets are later extracted from 
the corresponding components of the FastJet output. 

• Two strategies to combine scintillation jets and Cherenkov jets  
have been developed. See [JetPresentation]. 

A reconstruction code has been developed and is currently used to reconstruct 2-jet final states. Now targeting 
4 and 6-jet final states.

From INFN group



Physics benchmarks - 2 jets final state
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Physics benchmarks - 2 jets final states

e+e− → HZ → χ̃0 χ̃0 jj

e+e− → WW → νμμjj

e+e− → HZ → bbνν

Contribution of tagged muon 
from Monte Carlo truth 
subtracted from the  
calorimeter signal 
c semileptonic decays excluded 

Only decays to u,d,s,c 
c semileptonic decays 
excluded

b semi-leptonic  
decays excluded 

From INFN groupStill very well separated peaks when solenoid is included!



Physics benchmarks - 2 photons final states
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Physics benchmarks - 2-photons final states

e+e− → HZ → γγνν

5 million events fully simulated at Sussex  
University.

Starting from calibration constants estimated 
with particle gun, after few energy corrections, 
the resolution on the mass term is consistent 
with the single photon energy resolution.

From INFN group



New Code development - SiPM Digitization 
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A python based SiPM digitazion code has been developed to be 
used for timing studies 
Digitization includes several effects (noise, xtalk, etc)  and it 
makes possible to extract timing information 
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Code Development: SiPM Digitization

• Timing information included. Example: analog 
sum of Cherenkov signals from 40 GeV electrons 
and pions showering in the calorimeter.

• Correlation between the photons (p.e.) and integrated signal from each 
fiber. Result considering a SiPM pixel size of 25 um, 10 um and 1um. 
At 10 um the saturation given by the occupancy effect is negligible.

Example: analog sum of 
Cherenkov signals from 
40geV electrons and pions 
showering in the calorimeter 



Preshower Full Simulation  Status
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Implementation of a μ-RWELL detector in 
Geant4
All the materials and dimensions of a HR μ-
RWELL HR-SG2++ have been considered

Barrel Endcap option 1 Endcap option 2



Delphes provides the response of a multipurpose detector in a parameterised way
Addition to the official IDEA Delphes card (containing already the DR calo) of 
the covariance matrix description for tracks. 
Crucial feature for improving development of b- and c-tagging algorithm in a 
more realistic way 

Delphes Fast Simulation of IDEA Detector
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Sylvie Braibant             15/10/2020
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pT resolution versus pT 
Delphes compared to standalone tracking software [*] 
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45 degree

Delphes [40o  - 90o ]@100 GeV: 
σpT

pT

 !  3 ⋅10−3  Standalone [45o ]@100 GeV: 
σpT

pT

 !  3 ⋅10−3  

Delphes
F. Bedeschi



Complete IDEA Detector Concept Full Simulation Status
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Standalone GEANT implementation of various IDEA components: Silicon 
Vertex, DriftChamber and DR Calorimeter (and Muon) in a standalone Geant 
framework in progress
Conversion of the ROOT output into EDM4HEP format (starting) to facilitate 
further reconstruction development for key4HEP with this FullSimulationThe IDEA full simulation

Plan to provide a standalone Geant4 simulation for IDEA detector 

The Status of the work: 
❖The setup of the Tracker detector ( Drift chamber + vertex detector) has been done according to 
the instruction on the github "https://github.com/elfontan/IDEA".

❖The setup of calorimeter simulations has been done.
❖The work is on going to provide the standalone geant4 simulation for IDEA detector.



Summary 
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Full Simulation in Geant of the components of the IDEA 
concept available. Work in progress to have a description 
of the complete detector for full reconstruction studies 
(high priority)

To be in sync with the overall software framework 
advancement will develop a code to convert the output 
to a EDM4HEP data model 

Refined studies in progress both for DC and DR Calo.
An improved IDEA Delphes card is being validated for 
physics studies. 


