A SIW-ECAL optimized for e+e- collisions
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SiW-ECAL: Physics Scope I rﬁ»ﬂl Ca I SV
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Endcap2 Tth nological prototypes: SiW-ECAL,
r A ScintW-ECAL, AHCAL, SDHCAL

‘g\“\’,\/‘;/
IL}%D — D most technological constraints for ILC-
calorimeters: Embedded ASICs, Self-Trigger,
Delayed RO,

min dead-space, ...

re)
pa ECAL — LOW DUTY cycle (~10%)

CALICE — DRDCalo (DRD6)

— Highly-Granular Calorimeters Technologies
for Future Higgs Factories Experiments

* FCC-ee,ILC, CLIC, CEPC

— Particle Flow approach:

* Track Charged particles by imaging calorimeters,
Measure neutrals (y, h°)



Calorimeter description

A Stack of 15 sensor layers separated by W absorbers

— 1 Sensor layer =

e 4 wafer [500 um x (5.5mm)? Si PIN Diodes] = 18x18 cm?
« 1PCB (Fev2.1)
* 16 ASICs (SKIROC2a)

— Tungsten absorbers:

e 8x4.2mm[1.2 Xo] + 7% 5.6 mm [1.6 Xo]
* Total= 20.8 X0
— ~80 kg, 0.4x0.4x80 cm?

Ancillaries:

— Rack~1.5m

— On a stage for (x, y) scans
— HV =120-150V.
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Beam test in June 17th-25th PP < o i -

. 2 |w :
Beam site: H2 @SPS +l. I mrmil?

e 1 = :
Up to 400 GeV particles are provided 1L B
: BIW O
The CERN accelerator complex R - Hep 7 — =
Complexe deS aCCélérateurs du CERN |||i||||!||||Iu|||Hl||[|Jl|||||||I||||u|||||||||IIm|||11+LLEII$IIIIII||||||||||||l|Hi||\|JIIII|II|||||HI | I r,—| T
CMS

North <
Area =
Z A
/i’ s :
ALICE — f : LHCb

> T2
. T AWAKE
>
HiRadMat
m 1ot
Nl e MEDICIS
[ AD  ELENA ET
{ e ISOLDE
{ } B osassicei
o — = REX/HIE- : FEastArea !
N ISOLDE ™ | :
0012015 SN /+C '
n TOF 4 < 1
— % I et i
CLEAR




Beam test overview

An international group

* France, China, Germany, Spain, Mexico and
South Africa were involved

Data taken in 10 days: more than 300 runs
« 150 GeV muon data

« Large statistics for calibration

 fine position scan

 electron/positron data ranging from 7.5 to 99 GeV

* Fine angular and position scan
e pion data ranging from 10-30 GeV

« Exploration of electronics: TDC runs
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Assembly and recovery MI Ca Is"a

L

B2 Assembly
&y 4 * The ECAL prototype was assembled layer by layer.

|« After Inserting each layer, a power-on test was
immediately performed.

Recovery

* A connector issue was found in one layer
* The issue was quickly diagnosed and repaired.

The full assembly, debugging, and validation were
completed within one afternoon!




Online monitoring

e Hit map: monitor beam position and development

« Chip memory usage: ensure data quality

) Online Hits Histograms for Slabs 5 to 9
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? Hit Rate Strip Chart (kHits/s) for Slab5 @5

Hit Rate (kHits/s)

Saturation Rate % 835

L] Hit Rate Strip Chart (kHits/s) for Slab6é &6

Hit Rate (kHits/s)

Saturation Rate % £.16

L] Hit Rate Strip Chart (kHits/s) for Slab7 &7

Hit Rate (kHits/s)

Saturation Rate % 2.22

usage for 20 GeV electrons

Hit maps for 20 GeV electrons
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Online monitoring . MI ca Is"e
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Muon beam was configured to have large beam size to make it easier to
calibrate all channels in SiW ECAL prototype
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Total hit number

Simple PID

Electron beam purity at 74 GeV and 99 GeV ~70%
Use N{if, VS Xlayer x N2 /N[, for simple PID
Provides only a preliminary indication of the beam purity; further dedicated studies are
needed.
9005 1&% 1 T D R R i g 900;
400% = = 1o 'u ,,,,,, 400?———7777777 T SN . 3

150 GeV muons 20 GeV pions 74 GeV positrons
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Energy reconstruction

o} S0 SRR | Previous work
f @ SumE
N |+ MLlearning based energy reconstruction algorithm

* |mproves the energy resolution especially for low energy photons

« Efficiently correct the energy leakage

ok ]
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Reconstructed Energy (GeV) « Optimisation of a silicon-tungsten electromagnetic
"""""""""""""""""""" " e calorimeter energy response to photons(arXiv:2604.27853)
5ot ' %w{ Beam data
: | . Apply current algorithm to beam data
o1+ Tune more powerful models
§+ « Compare electron and pion samples
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https://arxiv.org/abs/2604.27853
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Previous work

- Adigitizer for SKIROC ~ SKIROC chips : | —Slox e
Beam data Chanel 63 —— S 3 25 5
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the time resolution y
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Summary

 The whole beam test was quite successful!

* Plenty of data was taken, including muon, pion ,electron and positron.

Plan

« Channel performance: pedestal, noise, and signal-to-noise ratio
 Channel-wise MIP calibration

« Particle identification using a ML-based PID algorithm

« Energy reconstruction for electrons, positrons, and pions: linearity and resolution
« TDC data analysis and timing resolution

11



BACK UP
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Energy leakage

16-24 X, ECAL geometry :

* 40,45...60 layers to remain the
same sampling ratio

* obvious leakage could be noticed
on energy distribution, linearity
and resolution

MLP performance

 MLP could correct the energy

leakage to some extent, resulting

In improved linearity and
resolution

2026/7/1

600

500

200 F

400 F
300

100 f

F 60.0 GeV Photons
F 16 X, ECAL
I SumeE

= MLP

Resolution

Rel. Res. [%]

ol
45

65

50 55 60
Reconstructed Energy (GeV)

0.5 T T T T T T T T

{ SumE
f N Hits 1
f MLP

04

01} 1 i

0.0

-0.1 1 1 1 1 1 1 1 1 1 1 1 1

20_| T T T T T T T T T T T
10

_10 E
-20F "
-30F,
—40E

0102505 1 2 5 10 20 30 40 50 60

Photon Energy [GeV]

o —
3505 60.0 GeV Photons
F 24 X, ECAL
300F BN SumE
f [ MLP
4550 55
Reconstructed Energy (GeV)
0.5 T T T
{ SumE
0.4 ; { N Hits
} MLP
c 03
2
4
2 o2} +
o
w
% o1l
0.0_______________________:__:___'___'___'__'
701 1 1 1 1 1 1 1 1
—_— 20_I T T T 1 T T T
§. 10F E
. Ofa--m--a o +. ........ O JERY PR S N
© -10f Gt ]
£ ok * H
< -0F}
o -40F

0102505 1 2 5 10 20 30 40 50 60

Photon Energy [GeV]

Energy distribution and resolution for 16 X,(left) and

24 X (right) geometrieWACALoé;




ECAL radiation length

« For ECAL geometries with different
radiation length, the data at low energy is

« What MLP learned at high energy also
influences what MLP predicted at low

exactly the same, the differences are irRadiatisgy length could be reduced to
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Resolutions of ECAL with different radiation length
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