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“ultimate” ASU2.1 (2023)
SLBoard and DAQ 

 FEV11 

 FEV2.0 

Improvements wrt FEV11/12/13
● Power distributions

● Local LV power regulation: LDO’s
● Local HV filtering & Supply

● Signal distribution (buffering), data paths
● Monitoring (single ID, temp, probe analogue line)
● ASIC shielding/routing streamlined
● Stand-alone HV distribution 

 ➞ flexibility (testing, reuse for ≠ setups: stacks, long / short slabs)

Status:
● Noise uniformity dramatically improved 

(ex: outliers in thr. / 20)
● version 2.1 produced

● 15 cabled, 2nd metrology, 15 equiped with sensors (beg 2026)

BT DESY 2025   Possibility to run “low gain, full dynamics”➞

 Pedestal measurements vs. Ch# + Mem#×100)
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Wafer Testing at IFIC, Valencia
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Wafer Testing at IFIC, Valencia
Status in Feb 2026
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Hybridization studies (2024): 
How to assemble silicon sensors & PCB ?

         Flatness of PCB

Measurements by C. Orero, IFIC

Revisiting gluing (IFIC, IJClab, DMLAB)
● PCB metrology

● Before & After curing & 
soldering

● Glue formula & preparation
● Gluing methods

● Robot
● Stencil

● Reinforcement
● Filling glue
● Adhesive films

(chosen)

Conductive glue + filling
(~invisible) on a glass plate

Puncturated 
adhesive film (DMLab) 

+
conductive glue dots

Same PCB before / after 10-day dry storage

IJClab (méca)

Worst case of a bent FEV
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Assembly chain (Mostly IFIC) Worst case… 
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Integration at IJCLab

Many “small” operations

– But with high risks 
(= not for physicists)

– Metrology of PCBs and 
3D printing of individual rails 
adapted to the curvature of PCBs 
and W thickness

– Adaptation of the SLBoards, DAQ

– Repairs, e.g. the HV 
(ripped Kapton in operation)

Check with 90Sr of the response

– Online histograms:

Integration

Roman’s
wedding

ring

“HV-on – HV-off” map 90Sr quick response 
(Hit map, 5 mins)

Delaminated board
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(Almost) Uniform Prototype
A Stack of 15 uniform sensor layers, separated by W absorbers (non-uniform)

– 15 Sensor layer made of : 
• 4 wafers [500  m × (16×5.5mm)² Si PIN Diodes] 18×18 cm²μ ⇒
• 1 PCB (FEv2.1)
• 16 ASICs (SKIROC2a)

– Tungsten absorbers:
• 8 × 4.2 mm [1.2 X0] + 7 × 5.6 mm [1.6 X0]

Total=  20.8 X0
– Missing channels: bad connexion, ASIC, noise: ~4%

10 days in June 2026 at the CERN SPS: 

– very smooth running
• Muon position scans (0 & 45°)
• e+ Energy & angular scans (10–99 GeV; 0-45°)
• Low-   samples 𝐸 𝜋
• Electronics modes   TDC⊃

~80 cm

See update (T. Kamiyama):  Performance Evaluation of the 15-Layer SiW-ECAL Technological Prototype with CERN SPS Beam Test Data 

mailto:Vincent.Boudry@in2p3.fr
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Prototype Exploitation

1)  Test on environmental conditions at IFIC: temperature
– Just started
– Hints at a sizable effect
• (June 2026  BT were not in a cool environment)

2) Complement the energy scans (7.5–99 GeV e–) at low-  (1–5 GeV) 𝐸  DESY in 2027 ? ➞

mailto:Vincent.Boudry@in2p3.fr
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Prototype Application: EBES

ASU  estimate the muon background vs neutron➞
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Prototype Application: LUXE

Physics:
– QED in High Fields: e+nγvis  eγγ HE,   γHE+nγvis  ee➞
• Schwinger’s limit

– BSM: Axions Like Pseudo Scalar, …
– ≥ 202? at DESY/XFEL? 

Beams:
– XFEL beam 10 Hz, 1.6 · 109 e–, 𝐸e ≤ 17.5 GeV 
– Laser : 40–350 TW, 30 fs, 1 Hz  1.5 · 10➞ 20 W/cm³

ECAL’s: 
– 5×5 mm² cells, 20 X0, 12+ layers, 20 %/√E
– Si+W  FCAL and/or CALICE➞

Q? Optimal sampling for 𝐸e ≤ 17.5 GeV ?
–  Hit counting, shower separations⊃

Enough material for a full coverage ?
– PCB to be produced ; hard limit : ASIC < ~400
– Wafers : to be bought… 

Overlap of showers
( , )  small𝐸 𝑥 𝓏 ➞  RM

CALICE SiW-ECAL
2–3 × 9–18×18 cm²
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Sensor Recovery

IJCLab - A. Thiebault & A. Gonnin

• Goal : To recover a many Sensors as possible
• With a « magic » tool : Fishing line!
• 44/48 Sensors recovered  (price ~800€/pce)

• Glue residue on sensor (white point) 

Fishing line +91% success rate !

Fishing line

Leakage 
Current  ✔
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R&D for future experiments
(FCC-ee & SHiP)
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ASIC: CALOROC1C  GETROC➞

See CALOROC/GETROC measurement results and plans
… and the full electronics session

mailto:Vincent.Boudry@in2p3.fr
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Preliminary studies for the integration of the CALOROC

“Pin-to-Pin compatible”

 Play and Learn➞
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Towards a Compact cooling system for the FCC-ee

“Boosted Standard Slab”
●  210W (30W/ASU) : ASICs + Concentrators + PS…➞

● (ILC like in CC ~ 130W)
Active cooling: 

● 4 mm Cu plate with 1/8’’ Stainless Steel Tubing 
● 0.2  /min of water @ 15°Cℓ

Simulations
Adiabatic, but for heat bridge at the end,  = ∞𝑡

© Oscar Ferreira, François Joubert  @ LLR
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Cold Plate Test bench

Prototype : 1 Fake FEV
– Cold plate in Copper 

with grooves for 
stainless steel pipe (1/8’’)

– Curbing of pipes 
– Soldering with tin 

(à la HGCAL…)
– Existing PCB with ASIC or Silicon 

 3D fake ASIC + heating pads➞

– An Adiabatic box

Instrumentation
– Thermal, pressure, flow sensors + DAQ

Being mounted… results by end 2028

Débitmètre 0,2 - 4 L/min Capteur de pression 
0-10 bar

PT100 6 L100mm⌀

Prototype of 
cold plate

Vanne de 
régulation 
de débit

Eau courante

Eau réchauffée

Pressure Sensor
0-10 bar

PT100 6 L100mm⌀

Durite 6mm∅

Silicium Temp. (°C)
@Flow rate = 1L/min
Delta T° Si = 0,3 °C
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SHiP conception

Efficiency

Cost

“Dummy run”
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Espace Temps

Re-optimisation of the SiW-ECAL for the FCC-ee

Exploration of the use of “centimetric timing” in the calorimeters (1cm~30ps)

– Easier Reconstruction & Showers in Particle Flow

– Better precision of photons in exclusive final states:

• B0’s and ’s with τ π0’s 

– High Granularity + Timing >> pure resolution in  𝐸
(Eur.Phys.J.Plus 141 (2026) 6, 697, ArXiV 2605.23667)

Optimisation of SiW-ECAL for photons
– ( )/  at low  (for jets) :  –20% using hit countingσ 𝐸 𝐸 𝐸
– Precision in  position 𝛾

vs ( )σ 𝑡

preliminary

arXiv:2604.27853 

H. Liang

mailto:Vincent.Boudry@in2p3.fr
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Optimising the Calorimeter system : ECAL + HCAL

See Update on CNN-Based Hadron Energy Regression at ILD
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Conclusion

Critical Milestone reached for the 
technological prototype with legacy electronics

– First Successful Beam Tests of 
a full working calorimetric stack

• Analysis at full steam 
by a stack of highly motivated young physicists

• Complementary studies:

– Temperature dependence

– Low-  at DESY ?𝐸

  “Construction paper”➞

– Modernized Analysis SW with full chain in 
Key4HEP

– Applications: EBES@KEK started

Preparation of the follow-up

– New electronics : CALOROC1C & GETROC

• Soon to be tested for integration

• Updated characteristics?

– Active Cooling test bench being mounted

– Optimisation of designs:

• Layout for low-  photons𝐸
• Timing requirements

• Calorimeters system

• Optimisation chain being tested for SHiP 
requirements
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Thank you for your attention
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