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A Map to High-Granularity Calorimeter Prototypes
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A Map to High-Granularity Calorimeter Prototypes
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SiW-ECAL Active Elements

Base element of SiW-ECAL
– Continuous design improvements
• Noisy-cell fraction ➘

– Delamination issues in 2022
• New hybridization process 

needed

© IFIC 2022 DESY & CERN BT

See R. Poeschl’s presentation at the AIDAi meeting, March 2024 for more details

180 mm

mailto:Vincent.Boudry@in2p3.fr
https://indico.cern.ch/event/1307202/timetable/?view=standard#303-task-821-siw-ecal-asus-pcb
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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

● Bef. & After
curing & 
soldering

● Glue formula & 
preparation

● Gluing methods
● Robot
● Stencil

● Reenforcement
● Filling glue
● Adhesive films

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)
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Assembly chain:
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New (ultimate?)
FE boards (2023-24)

Improvements:
● 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

Status:
● Noise uniformity dramatically improved (ex: outliers in thr. / 20) 
● version 2.1 produced

● 4 cabled, 2nd metrology, 2 equipped with sensors (Fev’25)

 Pedestal measurements vs. Ch# + Mem#×100)

 FEV11 

 FEV2.0 

SIngle channel  ➞
the fault on the 

ASIC/packaging
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Commissioning:
Analogue Probes

Analogue Probes

1 value (LV, Channel, …) 
 common line➞

mailto:Vincent.Boudry@in2p3.fr
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Commissioning: 90Sr 

Tests made one week before 
BT at DESY 

– 1 faulty ASICs AUS01

– Very few noisy channels 

mailto:Vincent.Boudry@in2p3.fr
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DESY Beam Tests 2025/03

1 week 3–10/03/2025
SiW-ECAL:
– 2 new ASU FEv2.1
– 1 ASU COB 
– No Tungtens

AHCAL:
– “Airstack” with 7 short layers

Running:
– 3 days ECAL Stand alone 
• ½ d. install + commissioning 
• Positions scans : uniformity & mip/noise resp.

– 4 days AHCAL
• ½ d install + repair
• Scans & TDC runs

The measurements leading to these results 
have been performed at the Test Beam Facility 
at DESY Hamburg (Germany), a member of 
the Helmholtz Association (HGF)".

"Toshiko Yuasa" 
France Japan 
Particle Physics Network 
(TYL-FJPPN)

ECAL

HCAL

beam

beam
DAQ

Jong-Seo Chai 
(Sewon), Visitor

Ursula Bassler (LLR / DESY)
Dir Zerwas (DMLab)

Antoine Laudrain (DESY)
Jiri Kvasnicka (FZU)

Antoine Laudrain (DESY)
Jiri Kvasnicka (FZU)
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Some results on the SiW-ECAL

New FEV2.1 preliminary results:

– High S/N ration (MIP MPV/Noise StdDev) ~ 30
in readout branch

– Run in lower gain mode possible

– Very few cells masked

Xin XIA (IJCLab)
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Synchronization ECAL–AHCAL

Set-up identical to 2022

– Same setting as in 2022

• Bunch Clock cycle offsets (BCID’s)

• Reconstructed ∆BCID’s OK

• TDC information being analysed

« Event display » of 1 BCID

Main BCID
lay. 12 − lay. 11

Coincidental events
following beam time
structure

TDC raw distribution

Aim: consolidate the Digitization, 
including timing

mailto:Vincent.Boudry@in2p3.fr
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Building of a uniform SiW-ECAL prototype

Rationale:
– Current prototype
• 4(5) types of PCBs  3 sensor thicknesses (320, 500, 625 m)⊗ μ

• (un)gluing issues
– Material for 15 ASUs available  full single tower➞

• FEV2.1 boards, wafers, components

Application cases : 
LUXE@XFEL, EBES@KEK, Lohengrin@ELSA, SHiP?
– Extreme QED & Dark 𝛾 searches 

– low energy, rates, …

– LUXE: FCAL prototypes  common DAQ Application.➞

– Could be built from same cards in 2×12
• Needs: sensors (€), (Mech. structure), W

 Will provide operational experience⊕

δa

1 tower × 15
2 towers × 12 3 towers × 15

mailto:Vincent.Boudry@in2p3.fr
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Calice TAU sensors for LUXE

90 CALICE sensors received mid November 2023

A probe card was designed and received in November from 
CERN
(paid by TAU and IFIC).

CALICE
Square

System needed for electrical sensor characterisation 
in prototyping phase and for
quality control in mass production (IV, CV, VBD, VFD, 
CFD)

HGCAL
Hex
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I vs V

C vs V

Test procedures

For details, see Yan benhammou’s presentation at the 3rd AIDAi meeting

Leakage current

Depletion V

Donor’s 
density

mailto:Vincent.Boudry@in2p3.fr
https://indico.cern.ch/event/1307202/timetable/?view=standard#299-task-821-tests-of-si-senso
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Fluxes in Calorimeters

Take Home:
– Even at Z peak power dominated by pre-amp

(  conversion power in negligible)⬌

– Tool is there, missing: 
• Digitization (easier way in Key4HEP ?)
• Mapping needs to be adapted 

for each calorimeter readout topology

mailto:Vincent.Boudry@in2p3.fr
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Uniform solutions:

ECAL adaptation : flat cold plate, preliminary thermal studies

“Standart Slab”: 
● 8 ASU (1440mm)z, 

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

Adiabatic, but for heat bridge at the end

∆T = 6.6C on Wafer surface at  = ∞𝑡

© Oscar Ferreira, François Joubert  @ LLR

Connections ?

Status:

– Limited flow of water seems enough…

– Now looking into pipe in 4-mm Cu layer

• Replaces ~1 mm of W

– To be validated on simulations

Silicon Temperature

mailto:Vincent.Boudry@in2p3.fr
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Re-optimization of the design required (on-going)

Energy reconstruction methods
– Counting (Digital) vs Analog
• Better by counting for E  < ~2 GeVγ
• How to best combine them ?
• New methods ?

– π0 reconstruction from improved positions
– Timing with 50 ps ?     3 years progamme started.⇐

Re-optimization of sampling :
– Part of W  4 mm of copper for cooling➞

– Optimisation for counting at low-E / Start of showers
Lower the detetction threshold (≤100 MeV ?)

– Work done for LUXE as a method 
(Zarnecki et al, arXiv:2409.19654v1)

~ 2 GeV

SiW-ECAL Prototype  of 2022 (15 layers) [Yukun  Shi]

Jet Composition at 91 GeV (Hao Liang)
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Recent Progress: CALOROC1C design (Si and Ar) –  megaℓ Ω

New ASICs

– Based on
HGCROC,
HKROC

Compatibility:

– PCB & DAQ
work can 
start with 
HKROC
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Conclusions

SiW-ECAL

– 2 new board produced and put in beam 
for low-E response

– Preliminary results very promising: OK for 
production of + 13 new ones

– Will provide input for Digitization code 
adjustement

SiW-ECAL Future test: 
– 2026, with full uniform stack of 15 layers, 

then a long slab
• Will be used for small experiments (EBES, LUXE, Lohengrin) 

 operational experience➞

• Design will serve a basis for future -Electronicsμ

Coming developments:
– Thin Cold-Plate prototyping + Interfaces (SiW-ECAL)
• Re-optimisation of absorbers + timing + `digital modes’

– Re-design the PCBs on the basis of new ASICs
• I2C communication (HGCAL protocols)

– Re-design of DAQ
• Rates estimations on-going in all calorimeters

– Should aim at scalable prototypes by early 2030’s
• Reminder: 8 years of building for large calos
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Possible planning (FCC-ee)
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