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Rationale

ILD high granularity calorimeters
● Designed for ILC

● Power pulsing, low occupancy
● Marginally adapted for CLIC and CLD

● Physics : number of layers
● Partially adapted for CEPC

● Lower granularity
● Needs strong adaptation for EW physics

and continuous operation
● Rates, Heat, Electronics ECAL: 30 layers

– SiW-ECAL”: 0.5×0.5 cm³ Si cells

– ScECAL: 0.5×5 cm² Scint strips

10–100M channels

HCAL

ECALBar
rel

Endcap2

Endcap1

X

ZY





HCAL: 48 layers
– AHCAL: 3×3 cm³ scint. 

cells
– ScECAL: 1×1 cm² RPC cells

10–70M channels
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Revisiting the HG calorimeters for circular colliders

Large panel of running conditions
● 90GeV × 107 fb × 5·1036 cm-2 s-1 (qq × 20000 ILC @ 250)
● 150 GeV (WW) + 250 GeV (ZH)+ 280 GeV (tt) 

~104 fb × 5·1035 cm-2 s-1 (qq × 5–10 ILC @ 250)

Are the current hypothesis viable ?
● Occupancy, 

DAQ, 
Cooling

● 1 detector fit-all ?
● What are the limits :

● Power vs Granularity  Active Cooling ?➞
● New electronics (DRD6):

● TSMC 130 nm vs AMS 130 nm (or 65nm)
● Down to 1mW / ch ?  If 30 ps Timing ?

● Running mode (continuous, trigger-less)
● Trigger for other detectors ?

/103

/105

×

Need rough numbers (±50%) for Occupancy, Data, Power, Dynamic Range (E, t) for all calorimeter’s regions𝒪
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Calorimeter Fluxes from Full Simulations

Quantities useful for 
Self-Triggering & Low Occupacy 
Front-End electronics & Design

● Number of hits/s per ASICs

 ➞ Power (Energy per conversion)

 ➞ Memory size
● Distribution of Energy & Time

 ➞ Dynamic ranges

 ➞ Power per conversion (Wilkinson ADCs)

 ➞ Double hits
● Data output

 ➞ Data Flux per readout partition (DAQ)

 ➞ DAQ scheme (Calo trigger to other parts ?)

Other quantities 
● Deposited energies

 ➞ Radiation

ECAL Barrel

HCAL Barrel

ECAL Ring

HCAL
Ring

ECAL EndCap HCAL EndCap
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Software package

Python code
Production of Primary histograms
– LcioReader from pyLCIO
– Mapping & Selection
• Cell_id decoding [J. Kunath]
• Highly configurable

– ROOT histograms 
• System and histogram type hierarchy
• Auto-rescalable (high E, high Nhits) 

Secondary histograms
– Scaling : e.g. power, data size = ƒ (#hits, Energy)

2D histograms
– Fix one component and get its 1D histograms as bins of 

a single 2D histogram.

Described in a Technical Report accepted by JINST.

JINST_006T_0324
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Histograms Types (1,000,000 muon events)

Low E

Low #hits above E 
threshold

High E MIP-scaled 
High E

High #hits above E 
threshold

Time

Long 
Time

MIP

Trigger
Thr.

With 

MIP
scale
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System Low Energy & #hit responses
raw energies (no digitization yet)

SDHCAL AHCAL Sc ECAL Si ECAL
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HCAL

ECALBar
rel

Endcap2

Endcap1

X

ZY





Geometries : logical numbering

~1,8m

(SiD = 12 fold)

Module

1/2 Module

Towers

La
ye

rs

La
ye

rs
Modules

La
ye

rs

1 Tower

2 Towers

Staves
Staves

Modules

I, J

I, J

I, J
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Segmentation by “Logical Geometry” C:M:S:T:L:I:J

Useful segmentation & grouping:
● Physics: Group of uniform (rates) regions (~cos )θ
● Technical: Readout & Cooling Partition (ASIC, SLAB, Tower, Module)

Calorimeters systems C Calorimeters ModulesCalorimeters systems C Calorimeters ModulesCalorimeters systems C Calorimeters Modules

Useless individuation*:
● (Individual layers)
● Symmetrical : staves ( ), Forward–Backward (± )φ θ

* assumming symmetrical physics / background distributions

𝓏 𝓏

𝑟 𝑟
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Logical Geometry : towers & staves 

Towers
Staves

(Quadrants)

Towers T (HCAL) Staves S (ECAL)𝑥

𝑦

𝑥

𝑦
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Processes to Fluxes

Prim
Hist

ROOT

Whizard
Pythia

σ1

Process 1 Stdevt
N1

LCIO
NF1

Full
Sim

Histo
gram
ming

Prim
Rates
ROOT

ƒbin, i = Nbin ×  ℒint σi / NFi

Prim
Hist

ROOT

Whizard
Pythia

σi

Process i Stdevt
Ni

LCIO
NFi

Full
Sim

Histo
gram
ming

Prim
Hist

ROOT

Guinea
PIg

Machine
Background

pairs
NB

LCIO
NFB

Full
Sim

Histo
gram
ming

ƒbin, B = Nbin × ƒbunch  / NFB

ECM, ℒint, ƒbunch

Machine Config

Fluxes
ROOT

Scaling
ntegrating
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Generated data:  ILD_l5_v02 (+ cross-angle 30mrad, B=3.5T), 
bgd files  ILD_l5_v11gamma➞

T. Behnke, et al. 
 The International Linear Collider Technical Design Report - Volume 4: Detectors, 
arXiv:1306.6329 [Physics]. (2013)

Machine background sources :

Incoherent pair production : 
100 BX at FCC-ee 91.2 GeV and 240 GeV

Produced by Andrea Ciarma,

Simulated (special setup) 
in ILD’s by D. Jeans
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Results : Rates in Silicon ECAL Barrel, 
Central Module vs depth

● Most of the hits are in the first 
third of the calorimeter. 

● Highest average rates L0:9
● Highest max rates in L10:19

● Most of the hits are in the first 
third of the calorimeter. 

● Highest average rates L0:9
● Highest max rates in L10:19

Distributions of the number of hits crossing (MIP/4) 
energy threshold of all the physics processes and 

machine background at 91.2 GeV (FCC-Z4)
The  scale is the number of event/s𝓏

Note 1 : (still) preliminary
Note 2 : Rates & Power for all M3 modules 

 8 per module, 10 per layer for 1 slab➞
 ~ 50 W/slab➞

From the ƒ⟨ Nhits  in one region one can ⟩
extract :
● The data rate, knowing the number of 

bytes per hits (here 7 as a landmark)
● The occupancy, knowing the number of 

cell in the region. 
● The power dissipated on elec. power

(here for SKIROC2 like chip)

M3 all staves L0:9 L10:19 L20:29
Average #hits/s 302E+6 hits/s 65E+6 hits/s 8E+6 hits/s cell size 5,5
Max 2000 hits/event 2500 hits/event 1000 hits/event
Data rate 2,11E+9 B/s 458E+6 B/s 54E+6 B/s Bytes/hit 7
Ncells powa (W/cell) 4,5 E-03
Occupancy/BX 1,4 E-06 3,3 E-07 4,3 E-08 powb (J/hit) 8,7 E-10

Conv & RO E/hit/μJ 9,0 E-01
Base power/W 18,2 E+03 17,1 E+03 15,3 E+03
Conversion power/W 271,4 E+00 58,9 E+00 6,9 E+00 ∆t/s 19 E-09
Total power/W 18,5 E+03 17,1 E+03 15,3 E+03
% conv. 1,5 % 0,3 % 0,05 %

4 026 764 3 767 273 3 378 036
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Results : Silicon ECAL Barrel, 
per module, first 10 layers

● Rates M1/M3 ~ 2
● Double counting of physics events in Module 3 due back-to-back 
events

● Machine backgrounds dominate the distribution.

● Rates M1/M3 ~ 2
● Double counting of physics events in Module 3 due back-to-back 
events

● Machine backgrounds dominate the distribution.

Distributions of the number of hits crossing 
(>MIP/4) energy threshold of all the physics 
processes and machine background at 91.2 

GeV (FCC-Z4) with the colour bar representing 
the rate of events
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Results: Rates in SiECAL EndCaps, 
Tower 0 vs depth

● Machine background in first layers
● High E ee ee in middle of ECAL (next slide)➞
● Power driven by the continuous part (Pre-Amps)

● Machine background in first layers
● High E ee ee in middle of ECAL (next slide)➞
● Power driven by the continuous part (Pre-Amps)

Distributions of the number of hits crossing 
(>MIP/4) energy threshold of all the physics 
processes and machine background at 91.2 

GeV (FCC-Z4) with the colour bar representing 
the rate of events

T0 all quadrants L0:9 L10:19 L20:29
Average #hits/s 572E+6 hits/s 176E+6 hits/s 147E+6 hits/s cell size 5,5
Max 2000 hits/event 2500 hits/event 1000 hits/event
Data rate 4,00E+9 B/s 1E+9 B/s 1E+9 B/s Bytes/hit 7
Ncells powa (W/cell) 5E-03
Occupancy/BX 9,4E-06 2,9E-06 2,4E-06 powb (J/hit) 870E-12

Conv & RO E/hit/μJ 0,9
Length/Width 2496 565 ∆t 19E-9

Base power 5E+03 5E+03 5E+03
Conversion power 515E+00 159E+00 132E+00
Total power 6E+03 5E+03 5E+03
% conv. 8,9 % 2,9 % 2,45 %

1 161 775 1 161 775 1 161 775

Note 1 : (still) preliminary
Note 2 : Rates & Power for all T0 modules 

 /8 per quadrant, ➞ 10 per layer for 1 slab  75➞ W / slab
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ee, Mee>30 GeV qq

ee, Mee < 30 GeV ℓℓ (≠ee)

Machine

Results: Contributions to rates in SiECAL EndCaps, 
Tower 0 vs depth

Distributions of the number of hits crossing 
(>MIP/4) energy threshold of all the physics 

processes and machine background 
at 91.2 GeV (FCC-Z4) with the colour bar 

representing the number of events
(for 10,000 or 100 BX simulated)
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Results:  Dynamic Range in SiECAL EndCaps, 
  Tower 0 vs depth

●Max Energy = ~2000 MIPs
●Tower 0 is the closest to the beam-pipe 
●Almost the same for both energies.
●Rates 240 GeV / 91.2 GeV down by 60

●Max Energy = ~2000 MIPs
●Tower 0 is the closest to the beam-pipe 
●Almost the same for both energies.
●Rates 240 GeV / 91.2 GeV down by 60

Upper Scale Energy distributions of tower 0 of 
ECAL end cap at 91.2 GeV of all physics and 

background

Upper Scale Energy distributions of tower 0 of 
ECAL end cap at 240 GeV of all physics and 

background
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Machine backgrounds for ILC/FCC tracking configurations

Distribution of hit energy
● No difference

⟨Nhits , per BX⟩
● Barrel and Endcaps 

~ same behaviour
● Much higher numbers in 

● 240 GeV (FCC config)~ 4 × 90 GeV 
● 250 v11 ~ 100× 250 v5

ILC@250GeV/ILD_l5_v05/ :  65319 BX

ILC@250GeV/ILD_l5_v11gamma/ : 65319 BX

FCCee@240GeV/ILD_l5_v11gamma/ :            100 BX

FCCee@90GeV/ILD_l5_v11gamma/ :              100 BX

Nhit /BX⟨ ⟩
Config Barrel M3 L0:9 EndCap T0 L0:9
ILC @ 250 GeV ILD_l5_v05 0,0170 0,0500
ILC @ 250 GeV ILD_l5_v11  𝛾 3,33 6,40
FCCee @ 240 GeV ILD_l5_v11  𝛾 15,9 36,0
FCCee @ 90 GeV ILD_l5_v11  𝛾 5,2 9,21
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Nhits in the endcaps T0 vs depth
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Key4hep: All Calorimeter hit collection:

BeamCal

ECALs

HCAL

Tail catcher/Muons

𝓏

𝑦
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ECAL barrel

Asymmetry in central calorimeters

HCAL endcaps
● A slight asymmetry can be observed 

● Significant ?

mailto:Vincent.Boudry@in2p3.fr


Vincent.Boudry@in2p3.fr What, where  | When 23/33

MCparticle EndPoints

r-z (in detector) × log10(E) (Initial) Same for calor only
● E from 1MeV – 1 GeV

𝓏

𝑟

𝓏

𝑟
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Particle momentum in calo

Most particles (>10 MeV) in-calo 
are low energy neutrons

Low energy photons <10 MeV

𝓏

𝑟
E > 10 MeV

n,p

 𝐸 / GeV

 𝑝 / GeV/c

 𝛾 population dies off at 100 MeV ~ cutoff ot current SiW-ECAL (2.1 mm of W first)
Low momentum  could probably be easily eliminated by their ToF.𝑛
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ECAL adaptation : preliminary thermal studies

“Standart Slab”: 
● 8 ASU (1440mm), 8192 ch / 128 ASICs
● 100 W

Passive cooling: Cu of 2mm (W, C ignored)

Adiabatic, but for heat bridge at the end

∆T = 500°C on Wafer surface at  = ∞𝑡
“Standart Slab”: 

● 8 ASU (1440mm), 8192 ch / 128 ASICs
● 128 W (1W/ASIC ~16 mW /ch)

Active cooling: 
● Hollowed Cu of 4mm, with 1 /min of water @ 15°Cℓ

Adiabatic, but for heat bridge at the end
∆T = 12°C on Wafer surface at  = ∞𝑡

© Oscar Ferreira @ LLR

mailto:Vincent.Boudry@in2p3.fr


Vincent.Boudry@in2p3.fr Calorimeter Fluxes | FCC Physics week, 30/01/24 26/33

Conclusion

Done
Flux determinations

● Simulated detector-level data for main physics processes 
and machine background at 91.2 GeV and 240 GeV.
● Simulated detector-level data for all physics processes but not 

machine background at 162.5 GeV and 365 GeV.
● Generated primary, secondary 1D and 2D histograms 

in 11 systems of ECAL and HCAL of the ILD calorimeters
● Merged different processes and background and got 

collective histograms. 
● Early conclusion on the ECAL

Conclusions or the ECAL:
● The power is ≥90% driven by the continuous component

even in the endcaps sections for SKIROC2 ASICs in CC
● Machine background / BX much higher in the FCC-ee 

config.

To be done
Simulation:

● Resimulate with new model (and 2T B field).
● Simulate in the IRIS Geometry
● Machine background 

● at 162.5 GeV and 365 GeV 
● More statistics at 91.2 GeV and 240 GeV
● Check for   VV contributionsγγ ➞

Results:
● Automate the occupancy and power for all 

calorimeters
● Include digitization (on going with key4HEP) in 

timing studies
● Determine the exact precision on timing  ASIC➞

● Power ~ 1/σ . 𝑡  1mW/ch for 1ns   30 mW for 30 ps ?➞
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Extras
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ee Higgs factories: configs & backgrounds

Tor Raubenheimer, FCC Week June 2023

P. Bambade et al., The International Linear Collider: A Global Project, 
       arXiv:1903.01629 [Hep-Ex, Physics:Hep-Ph, Physics:Physics]. (2019).

T. Behnke, et al. 
 The International Linear Collider Technical Design Report - Volume 4: Detectors, 
arXiv:1306.6329 [Physics]. (2013)
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Machine backgrounds

Files produced by Andrea Ciarma at Z-peak and Top threshold
 =-=-=-=-=-=-=-=-=-=-=-=-=-=-=
  =  A. Ciarma -- 13/12/2022  =
  =-=-=-=-=-=-=-=-=-=-=-=-=-=-=

Incoherent Pairs Creation (IPC) output files from GuineaPig++ for FCC-ee 4IP lattice
nominal beam energy: 45.6GeV @Z   -   182.5GeV @Top

Each file corresponds to pairs created during 1BX
each line corresponds to a particle

The format of the line is:

m_input >> PHEP4 // energy [GeV]
>> PHEP1 >> PHEP2 >> PHEP3 // momentum component [rad]
>> VHEP1 >> VHEP2 >> VHEP3 // vertex coordinates [nm]
>> process >> trash >> id_ee; // process type; internal flag; id of the single particle - all useless for tracking in the detector

Charge and PID should be manually set, according to the sign of the energy

PHEP4>0  ->  IDHEP = 11;  CHARGE =-1;
PHEP4<0  ->  IDHEP =-11;  CHARGE = 1;

A Lorentz boost should be applied along X to account for the fact that GP produces particles in the rest frame of the two beams,
which due to the crossing angle (15 mrad) moves w.r.t. the detector.
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Histograms Types

khalid.hassouna@llr.in2p3.fr 

Primary histograms:
1)Low-Scale Energy: Energy distribution of hits with an upper-bound 

2)Upper-Scale Energy: Complementary distribution to show the tailing 
effects (with auto-rescaling)

3)Low-Scale Number of hits: Number of hits above a given energy 
threshold per event (adjusted per system ~ ¼ MIP)

4)Upper-Scale Number of hits: The complementary distribution with auto-rescaling

5)Time: Time distribution of the sub hits weighted with the corresponding energy. 

Secondary histograms (functions of primary histograms): 
6)Upper Scale Energy rates in MIPs: The same distribution as the Upper-Scale Energy histogram 

with the x-axis scaled by the MIP value. 

7)Full Scale Hits rates: Number of hits per region from Low and high scales

8)Full Scale Power: base power + conversion energy per hit [TBD, based on ASICs characteristics]

11 calorimeter systems
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Mean calculations from histograms

Low #hits & Zoom High #hits All #hits & Zoom

Mean(0-20) ~ 6
Recalculated

mailto:Vincent.Boudry@in2p3.fr


Vincent.Boudry@in2p3.fr Calorimeter Fluxes | FCC Physics week, 30/01/24 33/33

Selected modes

 Processes: min. bias
– All
• ee → qq
• ee → 𝜇 ,  𝜇 𝜏𝜏
• ee → ee 

(⊃ Bhabha)
• → 𝛾𝛾 VV
• Machine 

background 
(ee pairs)

– ECM ≥ 160 GeV
• ee → WW 

– (ECM ≥ 240 GeV)
• ee → HZ

– (ECM ≥ 360 GeV)
• ee → tt

Config #IP #BX ∆T [μs] Freq[Hz] √s [GeV]
FCC-Z2 2 45,6 12000 180,0 0,025 91,2
FCC-Z4 4 45,6 15880 140,0 0,019 91,2
FCC-W 4 81,3 688 21,4 0,442 162,5
FCC-ZH 4 120,0 260 6,9 1,169 240,0
FCC-tt 4 182,5 40 1,2 7,600 365,0
ILC250 [1] 1 125,0 1312 1,4 0,554 5,0 250,0
ILC500 1 250,0 1312 1,8 0,554 5,0 500,0
ILC1000 1 500,0 2450 4,9 0,366 5,0 1000,0
CLIC380 1 160,0 10,0 380,0
ILC-GZ 1 45,6 5,0 91,2
ILC250-HL 1 125,0 2625 2,7 0,366 5,0 250,0
CEPC
C³
⠇

EBeam  ℒ [1034/cm²/s]

ILC from: P. Bambade et al., The International Linear Collider: A Global Project, 
       arXiv:1903.01629 [Hep-Ex, Physics:Hep-Ph, Physics:Physics]. (2019).
FCC from: Tor Raubenheimer, FCC Week June 2023 
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Results: Scintillator HCAL Endcap

● Max of the hits rate are in the first 2 thirds of the 
calorimeter, but in average more in the back (!)

● Significant angular dependence.
● The central towers have most of the hits due to 
the closeness to the beam pipe. 

● Max of the hits rate are in the first 2 thirds of the 
calorimeter, but in average more in the back (!)

● Significant angular dependence.
● The central towers have most of the hits due to 
the closeness to the beam pipe. 

Distributions of the number of hits crossing (MIP/4) energy threshold of all the physics 
processes and machine background at 91.2 GeV (FCC-Z4) with the color bar 

representing the rate of events

Average 14E+6 hits/s 18E+6 hits/s 23E+6 hits/s 855E+3 hits/s 1E+6 hits/s
MaxNhits 1000 Nhits/event 600 Nhits/event 400 Nhits/event 400 Nhits/event 400 Nhits/event
for 6B/hits 86E+6 B/s 109E+6 B/s 139E+6 B/s 5E+6 B/s 9E+6 B/s
Est. Ncells ?
Occupancy/BX 1,0E-06 1,3E-06 1,7E-06 ? 1,0E-07
cell size 30

278 756 278 756 278 756 278 756

Note 1 : Very preliminary
Note 2 : Rates for all tower 4:7 modules  /4 per module, /16 per layer➞
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