
A. Irles on behalf the ECAL-P group of LUXE

*AITANA group at IFIC – CSIC/UV

Test of a partly instrumented highly compact
 and granular electromagnetic calorimeter 

in an electron beam of 1 to 6 GeV 

https://aitanatop.ific.uv.es/
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The team

Sentence about 
project  (Veta! - to 
be done)
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Forward Calorimetry (extreme compactness)
▷LumiCal for precise luminosity measurement (Counting Bhabhas)

▷BeamCal for fast luminosity measurement (using beamstrahlung)

▷1 X0 absorber thickness per layer, 20 (30) layers in ILC (CLIC)

● Minimal Molière radius 

▷Optimal geometries for FCC being studied

ILD@ILC
ILD_l5_v02

ILD@FCCee
ILD_l5_v11
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Forward Calorimetry (extreme compactness)

Forward region (LUMICAL) 
design for ILD

▷Ultra thin layers <1mm for 
minimal Molière Radius

▷Not embedded electronics

▷Higher radiation levels 
than barrel.
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Positron ECAL for LUXE
▷LUXE: Experiment based at DESY-XFEL

▷Strong EM field: 30-350TW laser & 16.5 GeV e- beam

▷e- / laser interaction mode  and  /γ laser interaction mode

▷Vast range of multiplicities per beam bunch depending on 
the mode of operation

● up to 10⁶ e+e- pairs per BX 

● Physics-driven detector technologies at each location

Physics processes

Non-linear Compton 
scattering

Non-linear Breit-
Wheeler

trid
ent

LUXE TDR: Eur.Phys.J.ST (2024)

https://inspirehep.net/literature/2718457


A
. I

rl
es

 | 
22

n
d
 O

ct
 2

0
25

6

LC
W

S 
20

25
 -

 V
a

le
n

ci
a

ECALp design

▷Silicon – tungsten planes

▷Six sensors per plane (~55cm)

▷20 active planes (21 W plates)

▷Distance between tungsten plates : 1mm

▷Front End Boards above the sensors : readout and HV

▷Dedicated electronics (FLAXE) developed for LUXE

▷Test beam with single sensors (Si, GaAs) in 2022

● Eur.Phys.J.C 85 (2025) 6, 684

▷Test beam with 20 sensors in June 2025

● Discussed today

▷Highly compact and modular calorimeter to minimize the Molière radius. Design based on the 
concept considered by the FCAL collaboration for compact calorimeters for luminosity measurement 
at future Higgs factories. Based on thin silicon sensors developed previously for CALICE (16×16 pads 
5.5×5.5 mm²).

https://doi.org/10.1140/epjc/s10052-025-14341-4
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ECALp Beam test setup

▷Tracker mode

▷Initial runs with 3 layers

● Area Scan but mostly debugging

▷Ful stack, with 11 layers 

● ~10 M at two positions (3 GeV)

● Area scan with ~1 M per position 
(5GeV, 35 positions)

▷Calorimeter mode

▷Position scan, 11X0 & 9X0 (5GeV)

▷Angular scan – energies and incidence angles 
matching LUXE scenarios 

● Performance study with real gaps between 
sensors

▷Energy scan from 1-5.6GeV  in two positions

▷Depth scan 11 X0, 15 X0, 18 X0, 21 X0 

Two weeks of beam test at DESY – around 250M triggers (TLU)
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ECALp Beam test setup

Channel distribution for all planes

Gap 1.2mm (not to scale)
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ECALp readout - FLAXE
▷Based on previous developments FLAME ASIC: 
developed for the luminosity detector at future 
e+e- accelerators.

● FLAME has been extensively tested → including in 
the last beam test in 2025

▷Main features

● 32 channels

● 10 bit ADC at 20 MHz in each channel

● Analog front end in each channel. CR-RC shaper of 50 
ns

● High speed serialize

▷FLAXE is similar but w/o the high speed 
serializer

● Acquisition at LUXE frequency (10 Hz)

▷Production failure in 2024. 

● New production in 2025-2026 (MORE INFO in the 
backup)

https://iopscience.iop.org/article/10.1088/1748-0221/20/01/C01026/pdf

Developments from AGH Krakow

https://iopscience.iop.org/article/10.1088/1748-0221/20/01/C01026/pdf
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ECALp readout - FLAXE
▷Based on previous developments FLAME ASIC: 
developed for the luminosity detector at future 
e+e- accelerators.

● FLAME has been extensively tested → including in 
the last beam test in 2025

▷Main features

● 32 channels

● 10 bit ADC at 20 MHz in each channel

● Analog front end in each channel. CR-RC shaper of 50 
ns

● High speed serialize

▷FLAXE is similar but w/o the high speed 
serializer

● Acquisition at LUXE frequency (10 Hz)

▷Production failure in 2024. 

● New production in 2025-2026 (MORE INFO in the 
backup)

https://iopscience.iop.org/article/10.1088/1748-0221/20/01/C01026/pdf

Developments from AGH Krakow

See J. M
oroń talk

https://iopscience.iop.org/article/10.1088/1748-0221/20/01/C01026/pdf
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ECALp readout - FEB
▷“Funny” mapping to enable the 
fabrication of a 10-11 layer prototype 
with 2 sensors per layer.

● With the available number of 
ASICS
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ECALp readout - FEB
▷“Funny” mapping to enable the 
fabrication of a 10-11 layer prototype 
with 2 sensors per layer.

● With the available number of 
ASICS

See J. M
oroń talk
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ECALp DAQ
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ECALp DAQ

See J. M
oroń talk
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ECALp Mechnical housing
▷Aluminum frame designed and manufactured at U. 

Warsaw

● Aluminum : bottom (30mm), backplane (20mm), 
combs (20mm and 10 mm)

● Overall machining assembly ~10 um

● Connection to the Front-End Board frame

● Technical holes for future lowering mechanics

▷Compact calorimeter for LUXE:

● Combs pitch : 4.5 mm (tungsten: 3.5 mm +detector: 1 
mm gap)

● Comb gaps : 3.5 + 0.08 mm (bottom combs), 3.5 + 
0.08 (side combs)

▷Prototyping phase

● Gap of 1.2 mm (instead of 1mm) 
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ECALp tungsten plates 
▷Long and thin tungsten plates (1X0)

● 55cm x 10xm x 0.35 cm → With requested tolerances 
on planarity better than 100um

▷9 plates purchased in 2024-2025 from three different 
companies (2 chinese, 1 german)

● Goal: 50um planarity

▷Achieved  3.55 +0,0
-0,1 

mm

● Up to 150um in bending 
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ECALp tungsten plates - 2024
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ECALp CSIS – sensors
▷110 sensors purchased to Hamamtsu

● 16x16 pads of 5.52 x 5.52 mm²

● 320 um thickness

● 90 tested and fully characterized by Tel Aviv 
University

● 20 used in Test Beam at DESY 2025
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ECALp Compact Silicon Sandwich - CSIS
▷CSIS = entity of Carbon fiber support, signal 
fanout, silicon sensor, HV delivery kapton

▷Designed to match the tight mechanical 
precision requirements from the mechanical 
housing (physics driven)

● Thickness bellow 1mm (relaxed to 1.2 mm for 
the testbeam 2025)

● Precision in the lateral separation between 
sensors to be better than 100 um (relaxed to 
200um for beam test 2025) 
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ECALp CSIS Assembly 
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ECALp CSIS validation 
X-ray inspection of glue 
dots.

CMM measurements: All 
bellow 900um

Electrical in probe station:
All operative
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Data !
First:

▷Understanding the data

Analysis goals

▷Main topics we want to study:

● energy resolution, linearity (challenging with 11 X0, but should still be possible)

● Longitudinal and transverse EM shower profiles

● impact of incident angle on shower development and calorimeter response

● impact of inter-sensor gap on the calorimeter response

● position and direction reconstruction

▷With proper modeling of calorimeter performance in Monte Carlo
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ZS online data – promising prospects

ADC

entriesADC

5 GeV showers

preliminary
preliminary

preliminary preliminary
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Reprocessing data &  MIP calibration
Noise patterns – PCB routing dependent

▷Can be reduced significantly by Common Mode Subtraction (See J. Moroń’s talk)

▷Signal over Noise (at MIP) around 12.5 after corrections

preliminary preliminary
preliminary
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Telescope and DUT alignment
Noise patterns – PCB routing dependent

▷Prototype and telescope data properly synchronized (up to telescope readout errors)

▷Telescope alignment successful (good track quality). Expected precision on ECAL face  50μm.∼

Hough 
Transform

preliminarypreliminary
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Calorimeter data
Longitudinal shower profile for two example runs (very preliminary)

preliminary preliminary
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Slide on simulation !!
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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)
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Back-up slides
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Challenges – proposed solutions
▷(main) Challenges

● Two modes with expected number of positrons varying from 10 ⁴ to 10⁷ per laser pulse⁻

▷Two running modes planned for positron calorimeter, for low and high intensity:

● at low intensity showers need to be identified in a widely spread background

● at high intensity shower will overlap  only total flux reconstruction possible⇒

For both modes, precision depends on the transverse shower size !
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Beam test fun
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Beam test fun
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Beam test fun
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Beam test fun
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Beam test fun
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FLAXE
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FLAXE



A
. I

rl
es

 -
--

 D
A

TE

39

LU
X

E
  M

ee
ti

n
g

,  
V

a
rs

a
w



A
. I

rl
es

 -
--

 D
A

TE

40

LU
X

E
  M

ee
ti

n
g

,  
V

a
rs

a
w

Beam test setup
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Testing the connectivity
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SiW-ECAL CALICE prototype (current version)

SiW-ECAL
 15 layers 18×18 cm²
 0.5×0.5 cm² Si cells
 2.8+5.6 mm W (21 X0)
 100 kg, 0.4×0.4×80 cm³
 15k channels

Since 
2020

In process to be rebuilt + upgraded + extended + “compacted”
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FCAL-type
calorimeter

CALICE -type
calorimeter

DRD6 – high granular silicon ECALs
Barrel ECAL:
Similar design in:

(linear collider)
CLICdetector, ILD, SiD

(circular collider)
CLD, ILD, CepC

Electron Calo for LUXE

Froward LumiCAL:
Similar design in:

(linear collider)
CLICdetector, ILD, SiD

(circular collider – with adaptations) 
ILD, CEPC,..

Positron Calo for LUXE

R&D on sensor 
hybridization
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High granular & compact silicon calorimetry

▷Explain the concept (silicon for granulairty and large area surface, tungsten for narrow showers)

▷Examples:

● Siwecal

● Fcal 

● Focal and cmos detector

▷Focus here on the applications for future colliders (including HL-LHC)

▷1 slide – no need to focus on details just mention that these concepts exist since long
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Challenges – proposed solutions
▷(main) Challenges

● Two modes with expected number of positrons 
varying from 10 ⁴ 10⁷⁻

● EM shower overlap at high multiplicity

● Low multiplicity showers immersed in low energy 
widely spread background

▷Solutions

● Compact sampling calorimeter

● Small Molière radius

● High granularity

▷ECALe design is oriented to maximize the 
integration

● Fully embedded electronics (as for Particle Flow 
barrel ECALs in future Higgs Factories)

▷ECALp design is oriented to maximize the 
compactness

● Minimal dead material between absorber 
plates and silicon sensors (as for luminometers 
in future Higgs Factories)
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ECALp readout – FPGA & Synch
▷Commercial Trenz TE0808 FPGA modules were used FLAME (we kept same design)

● Baseboard was based on custom made solution for FCAL. Required optimization of power suply 
control (simplification) and synchronization
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ECALp Mechnical housing
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ECALp Mechnical housing

Designed and manufactured at U. Varsaw
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ECALp Mechnical housing
▷T-Frames

● The sensors are hanging from it 

● The FEB is supported by it.

▷The sensors position in the detector is defined 
wrt the Ø6mm tabs

● 10um precision seek and reached!
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ECALp Mechnical housing
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ECALp Mechnical housing
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ECALp tungsten plates – 2025 (and from the past)

▷New purchase to german company

● 6 plates with 55cm x 10xm x 0.355 cm 
dimensions

● Arrived directly to DESY the day of the 
beam test start.

▷In addition, we took 6 “old FCAL” plates which 
were also 1X0 thick but different size

● They were cut to fit in front of the detector

● A new comb designed and manufactured
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ECALp Compact Silicon Sandwich - CSIS
▷Carbon-fibber sheet, 250um thick

● Manufactured by a small Spanish company 
(ClipCarbono): good thickness but with 
improvable machining results

● Machined by a French company (Workshape)

● Overall size slightly bellow specs (obtained 
89.7-89.8mm ! )

▷Si Sensors – 320um (not measured after 
production)

▷Kaptons (measured after production)

● 120um (fanout)

● 70um (HV)

ClipCarbono Workshape
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ECALp Compact Silicon Sandwich - Kaptons
▷Designed and produced by Tel Aviv U.
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ECALp CSIS Assembly 

STEP1 – FO + SI

STEP2 – FO&SI + HV

STEP3 – CURING (OVEN)

STEP4 – CF + FO&SI&HV

CSIS - ASSEMBLED

CSIS - EXPLODED VIEW
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3d programmable robot - PDS400

ECALp CSIS Assembly 
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▷Two types of glue tested (datasheets in the backup)

● H20E – from EPOTEK  (Standard recommended solution for hybrid micro-electronics)

● TDS-9410 – from MG-Chemicals. Mono component solution, cheaper, less performant… but enough for us?

ECALp CSIS Assembly 
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No feeler gauges used for current 
production → only the weight of the jigs

ECALp CSIS Assembly 
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ECALp CSIS Assembly 
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ECALp CSIS Assembly 
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• We deposited more than 2112 glue dots → only 4 were missing.

• Manually corrected with a needle and profiting from capillarity effects to deposit.

ECALp CSIS Assembly 
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ECALp CSIS Assembly 
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Curing for 1h

Jigs enters the oven

ECALp CSIS Assembly & storage 
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TARDIS-Lab for LUXE ECAL(s) module assembly
▷The hybridization process is done 
in the new clean room (ISO4-5) of 
IFIC (TARDIS-Lab*)

● For sensor characterization

● Module assembly

● Module characterization

▷Same technologies used for 
ECALp and ECALe.

● First two modules with 
upgraded Front-End-Board 
electronics (FEV2.1) of ECALe 
were assembled at IFIC in 
March

● Tested at DESY in March too.

((because it is larger on the inside)
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ECALp Beam test setup

▷Tracker mode

▷Initial runs with 3 layers

● Area Scan but mostly debugging

▷Ful stack, with 11 layers 

● ~10 M at two positions (3 GeV)

● Area scan with ~1 M per position 
(5GeV, 35 positions)

▷Calorimeter mode

▷Position scan, 11X0 & 9X0 (5GeV)

▷Angular scan – energies and incidence angles 
matching LUXE scenarios 

● Performance study with real gaps between 
sensors

▷Energy scan from 1-5.6GeV  in two positions

▷Depth scan 11 X0, 15 X0, 18 X0, 21 X0 

Two weeks of beam test at DESY – around 250M triggers (TLU)
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