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 to dark-sector experiments

S. Huang, A Irles
AITANA group IFIC, CSIC-UV (Valencia)



19
th

 O
ct

 2
0

26

2
Intro



19
th

 O
ct

 2
0

26

3

Highly-granular and compact silicon ECAL
for direct new physics searches
▷Granular and compact Silicon-ECAL prototypes for Higgs Factories are proposed as the LUXE-NPOD 
and EBES at KEK (phase I-II) experiments.

EBES – talk at LCWS

Beam energies are about 4-16 GeV , depending of the experiment.
Final state photons are expected to be of the order of few GeVs.

different challenge wrt the original application (Higgs Factories): 
low energy photon kinematics (direction/momentum/entry point) 

https://agenda.linearcollider.org/event/11000/contributions/59695/


19
th

 O
ct

 2
0

26

4

(potential) detector optimizations
▷Assuming existing prototypes

● The experiments should optimize the layout (beam 
dump material, positions, etc) matching the detector 
acceptance. An example in  
Phys.Rev.D 112 (2025) 11, 112014

▷(expensive) optimizations for higher performance:

● Pad size optimization would require a construction of 
new prototypes (new sensors, new adapted 
electronics).

▷Further (unexpensive) optimizations:

● Better algorithms.
● Tungsten repartition.
● These can be built around existing prototypes

SiW-ECAL

HighCompacCALO
aka ECALp

https://arxiv.org/abs/2507.17716
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▷Assuming existing prototypes

● The experiments should optimize the layout (beam 
dump material, positions, etc) matching the detector 
acceptance. An example in  
Phys.Rev.D 112 (2025) 11, 112014

▷(expensive) optimizations for more higher performance:

● Pad size optimization would require a construction of 
new prototypes (new sensors, new adapted 
electronics).

▷Further (unexpensive) optimizations:

● Better algorithms.
● Tungsten repartition.
● These can be built around existing prototypes

TODAY

SiW-ECAL

HighCompacCALO
aka ECALp

(potential) detector optimizations

https://arxiv.org/abs/2507.17716
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Detector description 
– default geometry
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Detector geometry simulated (the default for LUXE-NPOD)
SiW-ECAL
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Twice the surface of current SiW-ECAL
(4x2 sensors = 2 ASUs)

▷Implementation in ddsim and LCIO

● pixelization/digitization (noise smearing) / single cell mip calibration included in the simulation
● Single hit required to be larger than 0.5MIP

Detector geometry simulated (the default for LUXE-NPOD)
SiW-ECAL
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EntryPoint-Direction resolution
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Event simulations

A · Incident photon: entry point and direction
Reference ECAL: 15 instrumented SiW layers · schematic, not to scale

B · Generation in (t , t ) slope spaceₓ ᵧ
Uniform in disk area (not uniform in polar angle )θ

Incident mono-photon

Layer 0 · z = 0

Late layers

γ

+z

+y

+x

θ

Generated just upstream of the first layer

(x_entry, y_entry)

Incident direction

t  = p  / p_z t  = p  / p_zₓ ₓ ᵧ ᵧ
 = atan( (t ² + t ²)^(1/2) )  = atan2(t , t )θ ₓ ᵧ φ ᵧ ₓ

tₓ

tᵧ

φ

R = tan 30°

t ² + t ² <= tan²(30°)ₓ ᵧ
Uniform in area, not uniform in polar angle θ

Generated entry positions: x: -60 to +60 mm · y: -45 to +45 mm · generation plane z ~ -1 mm
Physical angle domain:  from 0° to 30°;  spans 0–360°. The shown ray/hits are illustrative.θ φ

A · Mono-photon energy grid
Reference geometry · Direction and Entry share the same simulated photon population

0.2 0.4 1.0 2.0 3.0 4.0 4.2
E [GeV]

21 monoenergetic samples · ΔE = 0.2 GeV 0.2–4.2 GeV

B · Expected polar-angle distribution
Derived analytically from uniform area sampling in slope space
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2.3%

0–5°

7.0%

5–10°

12.2%

10–15°

18.2%

15–20°

25.5%

20–25°

34.8%

25–30°

Fraction of generated events per 5° bin [%]

Angular bins are for analysis/visualization; photons were not generated uniformly per bin.

C · What “uniform” means
Sampling is uniform in t –t  area, not in ₓ ᵧ θ

F( ) = tan²( ) / tan²(30°)α α

F( ) = cumulative fraction below α α

More sampled photons at larger .θ
 remains uniform over 0–360°.φ

This is the generated expectation,
not a histogram after hit selection.

Nominal source: 80,000 readable photons / energy (before eligibility); accepted-hit threshold > 0.5 MIP.
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Classic direction/entrypoint reconstruction
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CNN-Direction & CNN-entry
two independent 3D conv networks for complementary observables
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CNN-Direction - results
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CNN-Entry - results
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Energy resolution
no methodology presented, only results
check backup slides for more
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Classic Energy estimation
raw estimations
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Classic Energy Resolution estimations
raw vs calibrated estimations
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CNN-E vs classic
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Geometry optimization
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Geometry alternatives

Default LUXE-NPOD
geometry model



19
th

 O
ct

 2
0

26

22

Geometry alternatives

TB2026 at CERN
Link to talk today

https://agenda.linearcollider.org/event/11000/contributions/59733/


19
th

 O
ct

 2
0

26

23

Geometry alternatives
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Results – direction & entry
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Results – Direction vs Entry
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Results - energy
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Summary 
▷With advanced algorithms with convolutional 3D networks we observe substantial improvements in 
kinematic reconstruction observables for photons:

● Up to ~43% improvement in angle resolution
● Up to ~46% improvement in entry point resolution
● Up to ~33% improvement in energy resolution

▷With affordable modifications of the detector layout, we can enhance different reconstruction 
capabilities.

● Thin→thick layouts favour angular reconstruction, while thick→thin layouts slightly favour entry-
point reconstruction.

▷With small (unexpensive) modifications, a flexible detector that can be adapted to different goals 
and perform in different experiments.
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backup
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Simulation for energy resolution studies
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Simulation for energy resolution studies
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Classic Energy Resolution estimations
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CNN-E
3D convolutional regressor – for photon energy reconstruction by 15 layer SiW-ECAL like detector
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CNN-E
Training, dataset split & checkpoint selection
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CNN-E vs classic CNN-E vs angle
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CNN-E 
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Energy res. vs angle

classic-analogue classic-digital
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CNN-E
3D convolutional regressor – for photon energy reconstruction by 15 layer SiW-ECAL like detector
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“Classical” measurements

Optimized from Phys.Rev.D 112 (2025) 11, 112014

https://arxiv.org/pdf/2507.17716
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CNN-Direction & CNN-entry
two independent 3D conv networks for complementary observables
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CNN-Direction
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CNN-Direction - results
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CNN-Entry
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Results – Entrypoint vs Energy
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Results – Direction vs Energy
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CNN vs Classic

Classic

CNN
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