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ILD Philosophy

1) Particle Flow calorimetry

▶ “basic requirement”: sep of H → WW/ZZ → 4j

◆ σZ/MZ ~= σW/MW ~= 2.7% ⊕ 2.75σ sep ⇒ σE/E (jets) < 3.8%

◆ 60%/√E → 30%/√E ⇔ +~40% ℒ

2) Large TPC

▶ Precision and low X0 budget

▶ pattern recognition

3) Precision by Silicon detectors: vertex & Calo SET

▶ flavour tagging

4) Large acceptance

▶ Fwd Calorimetry: 
lumi, veto, beam monitoring

◼ Merging of LDC & GLD → ILD
▶ “best dimension”
▶ Optimisation studies
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Geometry: dimensions at large

◼ Mix of LDC & GLD parameters 
+ optimisation studies based on PandoraPFA

◼ Basic measuring rod
▶ σEj/ Ej (& Bgd) vs

◆ TPC dimensions
◆ Radius Magnet

(HCAL thickness)
◆ B field

◼ Other perfs:
▶ τ reconstruction
▶ …

◼ Done for the baseline 
(Si-W ECAL 
+ Scint HCAL)

◼ TO BE REDONE

From ILD LoI
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Calorimeter options

44

HCAL
● Analog: Scint/Fe

● 50 Layers
● 3×3 cm²

● Semi-Digital: Rpc/Fe
● 48 layers...
● 1×1 cm²

ECAL
● Si/W

● 0.5×0.5 cm² 
● Scint/W

● 0.4×45 cm²
● Sc⊕Si/W

FCAL
● LumiCAL (Si/W); LHCAL (SiW); BeamCal (GaAs)

B = 3.5T
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DESIGN 1 (TESLA [DESY]) DESIGN 2 (”a la Videau” [LLR, IPNL])

Better access to electronics Better hermiticity

Larger radius

Mechanical rigidity

Geometries for the HCALs

◼ Sensor agnostic

”Classical” challenge: sound mechanics with minimal dead mat. and inhomogeneities 
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Interaction length profile (TESLA)
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Integration studies :
Procedure & tools

Courtesy of  C. Clerc (ILD'2012)
(and MDI group)
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Challenges of high granularity for 
calorimeters

◼ High number of channels ~ 108

▶ Calibration

▶ Readout

◆ Triggering

◼ Embedded Electronics, 
▶ Heat 

⇒ Power-Pulsed modes with DT of ~≤1% [1ms every 
200ms]

◆ Stability; 

◆ Pulsed currents ⇒ Vibrations ⇒ aging
● PCB design; Cable geometry

▶ Zero Suppr. by Auto-triggering 
⇒ (Gain) Stability ⇒ Monitoring

◆ Calibration DB

▶ Local Storage ⇒ Noise taming

▶ Radiation hardness & interactions ✔

◼ Industrialisation
▶ TO BE DONE

HARDROC2/MICROROC
SDHCAL RPC/µMEGAS
64 ch 20 mm2/ SKIROC2

ECAL Si
64 ch. 65 mm2

SPIROC2
AHCAL SiPM
36 ch 32 mm2
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Integration & Services: Power

◼ Cabling
▶ Power Pulsing ⇒ local energy 

storage

▶ Power studies

◆ Need of an optimized Front-End 
Electronics

◼ Simulation
▶ Simplified model in Mokka
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Integration & services:
Cooling

◼ Services & cabling

▶ cooling philosophy

◆ Each detector should remove 
its own heat

◆ ECAL 120 Mch × 25μW ⇒ 3 kW
● with 200 gain from Power Pulsing

▶ DAQ

◆ 1 Concentrator board per Module
+ power
+ capacitors
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Pipe Path

Global Leakless
Cooling system

Courtesy of  Julien GIRAUD, Denis GRONDIN (LPSC)
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DAQ & data flux

◼ DAQ structure fixed
▶ concentrator board on

detector

◼ on-going work
▶ (DAQ for TB)

▶ Protocols

▶ Stability

▶ Extensibility
(LDA with 50 layers)

◼ Still to be done
▶ mecanichs (and local 

links).

▶ power consumption
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Outlook

◼ Lot of engineering work in the conception 
of the ILD calorimetry since the LOI; good part of it in DBD

◼ Redo the optimization studies
▶ for 250-500 GeV (is 1000 GeV)

◆ Current model still a mix of GLC and LDC...

◆ ⇔ with improving SW...

◼ Still much work on 
▶ mechanics (vibrations), 

▶ integration procedure, 

▶ cooling, 

▶ power, 

▶ VFE zero suppression

▶ DAQ

▶ …
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