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Outline
▷Introduction to LUXE

▷High Granular Calorimetry at IFIC

● LUXE & Future Colliders

▷New CERN Detector R&D collaboration on calorimetry: DRD6

▷Who are we?

● A. I.,

● César Blanch (Mech. Engineer, only a fraction of time on CALO)

● Shan Huang (postdoc contract in progress, 100% CALO & LUXE)

● Jesús P. Márquez (starting 4th PhD year, 75% ILC, 25% CALO), Melissa Almanza(PhD, starting 1st 
year, all CALO) 
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Outline
▷Introduction to LUXE

▷High Granular Calorimetry at IFIC

● LUXE & Future Colliders

▷New CERN Detector R&D collaboration on calorimetry: DRD6

▷Who are we?

● A. I.,

● César Blanch (Mech. Engineer, only a fraction of time on CALO)

● Shan Huang (postdoc contract in progress, 100% CALO & LUXE)

● Jesús P. Márquez (starting 4h year, 75% ILC, 25% CALO), Melissa Almanza(PhD, starting 1st year, 
all CALO) ,

a part time mechanical engineer is needed
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QED in strong fields: SFQED
▷For large values of EM field ε →  the Schwinger 
critical field is surpassed and the vacuum 
becomes unstable to pair production

● during the fluctuation, E>2me is supplied

▷Perturbative QED breaks down in the presence 
of strong fields

▷Such fields have not been reached experimentally 
in laboratories although they are expected to exist:

● On surface of neutron stars
● In bunches of future linear e+e− colliders.

▷Can be reached by colliding high intensity laser 
beams with a high-energy electron beam

● Lasers powerful enough don’t exist yet

● A high energy e- beam is required: The EM field 
strength is boosted

εL=γ ε(1+cos θ)
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 LUXE: Laser Und XFEL Experiment
▷Experiment based at DESY-XFEL

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

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

▷Ambitious time-scale (start data taking in 2027)

● CDR published, TDR in arxiv since 2023
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Physics processes

Non-linear Compton 
scattering

Non-linear Breit-Wheeler

triden
t

First experiment to try this E144 @ 
SLAC in 1990s.
Nowadays experiments : SLAC-E320 
(US), Astra Gemini (UK), ELI-NP (RO)

https://link.springer.com/article/10.1140/epjs/s11734-021-00249-z
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non-linear Compton Scattering

ξ< 1

The probability to produce one Compton 
photon is proportional to the laser photon 
density

Still the electron can collide with n laser 
photons (non-linear compton).
The process is still perturbative if ξ< 1

ξ> 1
There are no more leading order 
processes and we are require to resum 
all higher order contributions in ξ

The non-perturbative resulting 
expression can be expressed as an 
effective larger electron mass:

me (eff )=me√1+ξ2
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Detector challenges
▷Vast range of multplicities per beam bunch depending on the mode of operation

● Physics-driven detector technologies at each location
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Detector challenges
▷Vast range of multplicities per beam bunch depending on the mode of operation

● Physics-driven detector technologies at each location
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Positron side (electron-laser mode)
▷Tracker based on ALPIDE sensors (developed by ALICE for phase 1 upgrade)

● 5um spatial resolution

▷Multilayer high granular calorimeters based on linear collider prototypes (FCAL and SiWECAL-
CALICE)

● 20X0, 5.5x5.5 mm2 sensors (silicon and GaAs under study)

● Ultra compact to ensure minimal Molière Radius of about RM~3.5 mm 

● 1 mm between tungsten planes

▷Dedicated algorithms for high multiplicity events
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BSM direct searches with LUXE
▷High intensity photon beam produced → dumped in 
a wall

▷Could be competitive with  other experiments

● Estimations for 1 year of data taking with no 
background. WIP.
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Milestones & more
▷IFIC is member of LUXE since  summer 2022

● A. Irles as representative in the Collaboration Board

▷Publications, conferences and proceedings:

● 57th Rencontres de Moriond – EW+U , YSF talk (A.Irles): “Detector Challenges of the strong-field 
QED experiment LUXE at the European XFEL” 

● https://arxiv.org/abs/2305.07851 

● LCWS2023 SLAC (A. Irles) “Probing non-perturbative QED and new physics with a LUXE-type 
experiment at the ILC”  https://arxiv.org/abs/2308.00117 

● Attendance to LUXE physics and SFQED  4-12 September 2023 (Weizmann Institue of Science, 
Israel)

● LUXE TDR (submitted to  Eur.Phys.J.ST) https://arxiv.org/abs/2308.00515 

(M. Almanza, C. Blanch, A. Irles)

▷ECAL-p workshop in Valencia – 14-16 February 2024

● https://indico.ific.uv.es/event/7274/ 

https://arxiv.org/abs/2305.07851
https://arxiv.org/abs/2308.00117
https://arxiv.org/abs/2308.00515
https://indico.ific.uv.es/event/7274/
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Next week

▷IFIC seminar: LUXE physics case by Grzegroz Grzelak (U. Warsaw)

● Tuesday 13th at 12.

▷ECAL-p for LUXE workshop in Valencia – 14-16 February 2024

● https://indico.ific.uv.es/event/7274/ 

https://indico.ific.uv.es/event/7274/
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ILC polarimeter

FCAL-type
calorimeter

ALPIDE sensors 
(ALICE)

ILC-LUXE detector R&D synergies

CALICE -type
calorimeter
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ECAL -p 
▷ECALp: positrons 

● Main calorimeter system.
● Tel-Aviv, Romania, Poland and IFIC collaboration.
● IFIC is responsible of sensor assembly/hybridization and 

module validation. 

FULL CALORIMETER (20 layers of 6 sensors)FCAL-type
calorimeter

▷(some) Challenges:

● The calorimeter is designed for the Forward 
Calorimetry of ILC → Ultra compact calorimeter 

(RM ~3mm)

● Each module is 1mm thick

including sensors, supports, fanouts and GLUE

● IFIC (hybridization) & Warsaw U. (mechanical 
frame)
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Gluing tests for glue thickness measurements

▷Using the robot and procedure defined and tested 
with the ECALe modules

▷Play with different approaches to define thickness:

● Feeler gauges, glue dots size, etc

▷Perform metrology after the gluing.
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ECAL -p: Clean room 
▷Probe bench with CERN-made  probe card

● Still waiting for equipment to arrive LCR, switch card, chuck for 
sensor (purchase or made at IFIC?)

▷3d robot + volumetric professional dispensing methods

▷System for dehumidification & vacuum packaging

▷Dry cabinet and curing cabinets

▷Sensors purchased to Hamamatsu

▷Still waiting for the benches…

● CSIC bureacray is just #~½#!
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Your installation, sir
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ECAL-e

CALICE -type
calorimeter

▷ECALe (aka SiW-ECAL de CALICE): electron calorimeter

● Second calorimeter of LUXE (could also be the ALPs calorimeter?)

● Project with IJCLab, LLR, Tokyo U (Taikan moved from Kyushu to Tokyo)

● IFIC has been playing a technical coordination role and tesbteam 
preparation/running/analysis with the “old 15 layer prototype”

● IFIC is responsible of the R&D on improved hybridization during 2024/25. 
Including a small batch of module prototypes.

▷ ▷Open challenge

● Delamination of wafers observed… ¾ of the latest 
prototype are not usable anymore.

● Very busy-dense PCBs → uncontrollable(?) mechanical 
properties
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ECAL-e: sensor delamination
▷probable causes

Gluing procedure?
 Glue choice, 

Mixing,
curing process...

Glue degradation?
 Chemical oxidation 
(silver vs aluminum), 

Lifetime of glue...

Mechanical deformation of the PCBs
Complex PCBs with “intense” thermal processes

for the assembly of the components

Storage and manipulations
Lots of traveling

Commissioning procedure
etc
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Cold plasma to clean sensors.

Alternative epoxies.
Dry-cabinet.

Dry-curing-cabinets
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ECAL -e: slide 1 
▷PCB metrology at IFIC 

● First time this is systematically done in the project with this precision 

▷First results are surprising(?) ! 

● Left: the metrology of a equipped PCB after receival from IJCLab → up to ~800um deformation
● Right: same PCB after being carefully “dried-out” → deformation reduced to ~450um

▷Systematic study to be conducted during early 2024



 Ir
le

s 
A

.,  
1st

 F
eb

 2
0

24

28

ECAL -e: slide 2
▷Mixed solution:

● Perforated stencil of thin (250um) double tape VHB 5907F for adherence
● Silver Epoxy dots for electrical conductivity

Stencil made at 
IFIC (laser drill)
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2024 plans
▷Clean room

● Install the benches and move everything inside

● Install the sensor probe station (purchase LCR, design mechanical supports, etc)

▷ECALp
● Establishment of the hybridization process.
● Analysis of 2022 beam test data (we did not participated in it).
● Module production for Autumn 2024 beam test at DESY.
● Contribution to DAQ developments?(depending on Krakow U. personpower) 
● Shan Huang (currently, postdoc in TAU) will join us → LUXE studies.

▷ECALe

● TB2022 data and simulation studies (work-in-progress, Jesús)

● Establishment of the hybridization process.

● Coordination of the mechanical metrology of PCBs.

● Production of 1-2 full modules for testbeam in June 2024 at DESY.



 Ir
le

s 
A

., 
 1st

 F
eb

 2
0

24

30

Milestones, etc
▷Conferences/workshops:

● CALICE Collaboration Meeting at FZU Prague 27-29 September 
https://agenda.linearcollider.org/event/10098/ 

● LCWS https://indico.slac.stanford.edu/event/7467/ (A. Irles contributions)

Plenary talk “Calorimetry for Higgs Factory Detectors”

Plenary (summary) talk “Detector Closeout”.

Paralel talk: “Commissioning and noise study of the ultra-thin chip-on-board PCB for the CALICE SiW-ECAL 
prototype”

● CALICE Collaboration Meeting at University of Gottingen 29-31 March 
https://agenda.linearcollider.org/event/9877/ 

▷Other events
● ECFA WG3: Topical workshop on calorimetry, PID and photodetectors 3-4 May 

https://indico.cern.ch/event/1256374/ 
● Jornadas de la Red Espanola de Futuros Colisionadores 6-7 March https://indico.ific.uv.es/event/6952/ 
● Instrumentation for the future of particle, nuclear and astroparticle physics and medical applications in 

Spain : 6-7 March https://indico.cern.ch/event/1220045/ 

https://agenda.linearcollider.org/event/10098/
https://indico.slac.stanford.edu/event/7467/
https://agenda.linearcollider.org/event/9877/
https://indico.cern.ch/event/1256374/
https://indico.ific.uv.es/event/6952/
https://indico.cern.ch/event/1220045/
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Milestones, etc
▷Publications:

● “Performance of the CMS High Granularity Calorimeter prototype to charged pion beams of 20-300 GeV/c” 
(CMS and CALICE Collaborations)
https://arxiv.org/abs/2211.04740  Published in: JINST 18 (2023) 08, P08014

● “Design, construction and commissioning of a technological prototype of a highly granular SiPM-on-tile 
scintillator-steel hadronic calorimeter” (CALICE Collaboration)
https://arxiv.org/abs/2209.15327 Published in: JINST 18 (2023) 11, P11018

● A. Irles with DESY affiliation… 

▷Proposal team for the DRD6.

● Collaboration started in January 2024

● More in the following slides.

https://arxiv.org/abs/2211.04740
https://arxiv.org/abs/2209.15327
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Coming organization of detector R&D

▷DRD have a CERN recognition

●  Significant participations by non-European groups is explicitly welcome and needed

▷The progress and the R&D will be overseen by a DRDC that is assisted by ECFA

● Availability and usage of resources, monitoring of progress, vetting agains Roadmap objectives

● CERN Research Director is preparing setting up the DRDC

▷The funding will come from national resources (plus eventually supranational projects)
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Coming organization of detector R&D
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DRD6 collaboration
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DRD6 collaboration

▷Collaboration approved by CERN and DRDC

▷Structure designed (à la CERN+CALICE collaboration)

▷We are working on the filling of the squares.

▷First collaboration meeting in April 9-11th 2024 https://indico.cern.ch/event/1368231/ 

https://indico.cern.ch/event/1368231/
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Spanish members of DRD6
▷CIEMAT

● Mary Cruz - SDHCAL

▷IFIC:

● AI (CB representative):  CALICE SiWECAL y FCAL ECAL que se van a unir en uno solo para el DRD6
● L. Fiorini - TileCal, 
● J. Mazorra -SpaCAL

▷DIPC Donostia 

● Roberto Soleti -  CRILIN

▷UB-ICCUB:

● Eduardo Picatoste - SpaCAL

▷UCO (Córdoba)

● José Berenguer T-SDHCAL

▷UVO (Oviedo)

● Pietro Vischia - Software
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thanks
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backup
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ECAL -p: slide 2 
▷Several “manual” tests during 2023 

● Learning curve for epoxy / robot usage
● Learning curve for mechanic tooling design / 

construction / usage

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5
0
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av 14.4
stdev 5.8
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Operation modes
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SFQED at LUXE

Charge field coupling
 → work done by the EM 
field over electron 
Compton wavelenght in 
units of EM field

~ number of laser 
photons interacting with 
the electron beam at a 
given time 

Laser photon density ~ 
ξ²

How much the QED 
deviates from the 
classical limit
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non-linear Compton Scattering

ξ< 1

The probability to produce one Compton 
photon is proportional to the laser photon 
density

Still the electron can collide with n laser 
photons (non-linear compton).
The process is still perturbative if ξ< 1

ξ> 1
There are no more leading order 
processes and we are require to resum 
all higher order contributions in ξ

The non-perturbative resulting 
expression can be expressed as an 
effective larger electron mass:

me (eff )=me√1+ξ2
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non-linear Compton Scattering
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non-linear Breit-Wheeler

ξ< 1

One photon colliding with one laser photon 
(linear)

Still the photon can collide with n* laser 
photons (non-linear BW).
The process is still perturbative if ξ< 1

ξ> 1
Sum of all orders of ξ resulting in a 
non-linear non-perturbative  BW 
process
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non-linear Breit-Wheeler
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Electron side (electron-laser mode)
▷Very large rates of electrons (109)

● Measurement of the non linear Compton 
spectrum

▷Scintillator screen
● Used by the AWAKE collaboration at CERN
● Camera takes pictures of the scintillation light. 

Resolution ~ 500 µm.
● Signal/Background ~100  & Radiation hard (100 

MGy)

▷Cherenkov gas detector
● Ar gas developed for ILC polarimeter
● Low refractive index gas helps to reduce light yield 

(Cherenkov threshold 20 MeV)
● Signal/background>1000
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Electron side (electron-laser mode)
▷Very large rates of electrons (109)

● Measurement of the non linear Compton 
spectrum

▷Scintillator screen
● Used by the AWAKE collaboration at CERN
● Camera takes pictures of the scintillation light. 

Resolution ~ 500 µm.
● Signal/Background ~100  & Radiation hard (100 

MGy)

▷Cherenkov gas detector
● Ar gas developed for ILC polarimeter
● Low refractive index gas helps to reduce light yield 

(Cherenkov threshold 20 MeV)
● Signal/background>1000

LUXE detectors test beam setup 
photo.
1 - collimator, 2 - cameras, 3 - 
Cherenkov detector
straws, 4 - scintillator screen, 5 - 
lead glass
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LUXE in SFQED parameter space
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LUXE and LHC light-by-light scattering
▷LHC: photon-photon interaction in ultra-peropherial heavy-ion collissions (UPC)

▷UPD: fields above the Schwinger limit can be reached in the lab

● Main difference to LUXE: in UPC, EM fiel is extremely short-lived (not travelling macroscopics 
distances)

● This regime is still covered by linear perturbative QED

Slide from R. Jacobs
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Positron detector system: ECAL-p

▷Correlation between tracker and calorimeter information

▷The High granularity and extreme compactness of the 
calorimeter allows for a precise energy and position 
measurement

▷For the high positron afluence scenarios → the showers start to 
overlap 

● Energy Flow algorithm to estimate the total energy and the 
number of positrons.

tracker Calorimeter
(silicon+tungsten)
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