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Forewords

Quick overview of the efforts
– Everything is preliminary
– Many slide stolen 
• from D. Jeans’ (KEK) presentation at the ILD meeting close to the LCWS25 meeting of 24/10/2025: 

https://agenda.linearcollider.org/event/10836/
– Meeting dedicated to the adaptation of ILD to the FCC-ee

• From V. Schwan, B. Keyworth, J. List (DESY) on VTX
• But all fairly recent work

Area bing looked at:
– VTX
– TPC
– LumiCal
– Calorimeters

https://agenda.linearcollider.org/event/10836/


DD4Hep models for the FCC-

ILD_l5_v02

– Dual Sim of calorimeters

• (SiW + ScintW)  (Scint HCAL + RPC HCAL)⊗

common MDI: 
– MDI_o1_v00 vertex, inner tracker adapted from 

CLD_o1_v07 
– Remainder of ILD untouched

D. Jeans and V. Schwan



Magnetic fields

D. Jeans



MDI at the FCC-ee

Design being optimised



Beam induced in the LumiCal

Based on 100 BX simulation using GuineaPig : 
– ILC-250 (from ILD/Mikael Berggren)
– FCCee-91, FCCee-240 

(from FCCee/Andrea Ciarma)

Using DD4HEP ILD detector models
– ILD@ILC:
• Uniform 3.5 T (V02)
• Uniform 2T (v02_2T)
• Field map with and without anti DID 

(v03 and v05)
– ILD@FCCee:
• Uniform 2T (v11beta)
• Detailed magnetic field (v11gamma)

Mean number of hit pads can be used
for TDAQ estimate.
Continous readout with 0-suppr.

Mean number of hit pads can be used
for TDAQ estimate.
Continous readout with 0-suppr.

Y. Benhammou

mailto:ILD@ILC


VTX: Synchrotron radiations

On-going work by V. Schwan, B. Keyworth, J. List (DESY 
and MDI groups)  All very prelim.➞

Synchrotron radiation sims:
– Preliminary SR samples are available - pending full 

validation
– Beam core and halo separately simulated for 172.5 GeV 

beam energy (ttbar)
• Core simulated with 10 rad width parameter (very μ

conservative)
• Only a fraction of the particles in a bunch simulated  →

Results upscaled!
MDI:

• Two major versions, neither fully accepted by FCC's MDI 
group
– V0: native DD4HEP  easy to understand & adjust; unfeasible →

beampipe shape, considered outdated
– V1: CAD-import  difficult to adjust; sophisticated beampipe →

shape; some issues (e.g. misplaced SR mask); currently no 
shielding

VXD geometry:

– FCC's VXD slighly closer to the beam pipe

– FCC's inner layer extends farther in 𝑧
• Might explain some difference - tbc

ILD FCC



Hit rates per layerHit rates per layer



TPC backgrounds at FCC-ee@91

D. Jeans
Primary ions per BX   Rates :➞

 Drift ⊗
 spread on readout pads⊗

× bits…

Occupancy highly R dependant

Backscattering from the 
“ scrotch” : factor of 10 effects

Primary ions per BX   Rates :➞
 Drift ⊗
 spread on readout pads⊗
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Backscattering from the 
“ scrotch” : factor of 10 effects
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CaloFlux for HG calorimeters: ILD as an example

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”: Si cells 0.5 × 0.5 cm²

– ScECAL: Scint strips 0.5 × 5.0 cm² 

10–100M channels

HCAL

ECALBar
rel

Endcap2

Endcap1

X

ZY





HCAL: 48 layers

– AHCAL:  scint. cells 3 × 3 cm² 

– SDHCAL: RPC cells 1 × 1 cm²

10–70M channels
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Vincent.Boudry@in2p3.fr Calorimeter Fluxes | CEPC EU WS 2025, Barcelona, 17/05/2025 11/17

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 (if Wilkinson ADCs)➞

 Frequency of 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

11 systems 
(with 2+2 options)
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Processes to Fluxes
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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: Scintillator AHCAL 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 Not Yet avail,
Occupancy/BX 1,0E-06 1,3E-06 1,7E-06 Not Yet avail, 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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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 1.161.775 1.161.775 1.161.775 powa (W/cell) 10E-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 12E+03 12E+03 12E+03
Conversion power 515E+00 159E+00 132E+00
Total power 12E+03 12E+03 12E+03
% conv. 4,2 % 1,3 % 1,13 %

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

 /8 per quadrant, ➞ 10 per layer for 1 slab  150 ➞ W / slab
 ~50 MB/s = 400 Mb/s / inner slab➞

Note 2 : Total Endcap data ~ 2×T0 = 12 GB/s
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Old numbers… as a X-check: 
ILD ‘TDR’ and IDR

DAQ achitechture designed for the ILC:
– 1ms bunch trains of 2625, at 5 Hz, ILC500
– Readout between bunches
– Event Building on a full bunch train by FPGAs (~ bunch tagging) 

 Farm➞

– Raw data rate: (100 MB)/train𝒪
• Dominated by 

VTX and BeamCal

R&D on Common DAQ basis: EUDAQ2
– TLU: Trigger Logic Unit 
– DQM4HEP (Monitoring)
– Used for Beam Tests (DRDs, CALICE, LCTPC, … )
• “easy” interface to all components  beam telescopes⊃

ILC TDR Detector part: 500 GeV

The ILD Collaboration, International Large Detector: Interim Design Report, 
arXiv:2003.01116 (2020). 

The International Linear Collider Technical Design Report - 
Volume 4: Detectors, arXiv:1306.6329 [physics], (2013).

https://arxiv.org/abs/2003.01116
https://arxiv.org/abs/1306.6329


Anti-conclusions

Status on rates estimations:
– Vertex, Trackers: domainted by BiB
• No estimation of the physics done, yet (but some 

in the old LoI, TDR, IDR)
– LumiCal
• Estimation done (depends on the BIB file)

– Calorimeters
• Rates highly dependant on the location
– BIB dominate close to the Beam Pipe (ECAL and 

HCAL)
– Rates low everywhere else but

● 1st layers of the ECAL: Low-  photons from scattered𝐸
ALL VERY PRELIM.
– But can be soon be integrated

Some answers to 
“Questions to addessed”:

– Simulation status ?
‘very complete’ 
with Digitization

• But for the VTX (  CLD) ?⬌

• Some item needs to be updated 
(e.g timing in calos)

• TDAQ mat. in sim ? 
Yes (cabling etc), but in dd4hep ? to be updated…

– Readout capacities tested ?

• Yes for all prototype for ILC
– VTX: new electronics in dev (IPHC)
– TPC: ??
– CaloRoc in dev. (1st proto end 25) ~ Arℓ

● Proto in 2029(?)

– Acquisition rates ? 50 MHz (calos)


