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ISiW—ECAL test beam at
CERN in June 2026

« Test beam at the CERN SPS H2 beam line,
June 17t to 25,

* One of the most successful SiIW-ECAL TB ever.

=== Vacuum pipe
=== Cable rack
=== TB platform




https://arxiv.org/pdf/0907.3577
5'....,....| Co

| ECAL in Particle flow
calorimeter system

Particle flow reconstruction |
351
TRACKER | 3’//‘

/Z separaZIion

65 % = 100 GeV Jets |
Charged of Ly -
T T T T T
20 % ECAL Cell Size/cm
Photon 3.5 mm
( )
THIS STUDY
|\11<g|t(:/:| Highly granular SiW-ECAL
Hadron W absorber
: : — Compact showers
Calorimeter requirement S s
High granularity to separate nearby showers | — Fine shower imaging with
9 5.5 mm cell )
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| SIW-ECAL development roadmap

Physics prototype
2005-2011
Proof of principle

Structure 4.2
(3x1.4mm of W plates)

Structure 2.8
(2x1.4mm of W plates)

Structure 1.4
(1.4mm of W plates)

Detector sla x30)
- External RO.

e« 1x1 cm? cells.

« 30 layers, 10 k
channels.

https://arxiv.org/pdf/0811.2354

2026/11/12
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We are HERE

Technological prototype
Current stage
Integrated detector technology

SKIRoc ch|p - Embedded electronics:

* 4 sensor per FEV PCB.

« 4 SKIROC2a ASICs
per each sensor.

Self-triggered.

64-channel per ASIC
— 1024 ch per FEV

15 memories per
ch (SCA).
5.5 mm? cells.

Sensor thickness:
500 or 650 pum.

~

Pilot — full detector
Next stage
Scale-up and
production

« Approximately 1M
— 70M channels

« Cooling, power and
DAQ integration

- 30 layers, ~24 X,.

\



https://arxiv.org/pdf/0811.2354

| Reliable FEV2.1

https://arxiv.org/pdf/2211.07457

TB2021 & 2022

@ DESY & CERN

FEV10, 11, 12 FEV-COB FEV13
- BGA packaging - Chip—On-Boa'rd:A.?.I.Cs — BGA packaging
- Incremental modifications SRehaic N cates « Improved routing

— Fromv10->v12 * TITWE SR FEN B, « Local power storage

s : z - Based on FEV11 <
— Main “Working horses” since « Different extemal
2014 * External connectivity connectivity
compatible

« Multi-layer stack with three types
of FEV designs.

« Inactive cells, wafer/PCB
delamination, noise etc.

P FEV redesign

\_

J

2026/11/12

\_

production

—

TB2025
@ DESY

FEV21 -
(latest) & -

« Tested two new FEV 2.1 boards.

—

https://indico.in2p3

r/event/

36116/contributions

163076/

« Both boards operated

attachments/97129/

49385/S

successfully.

Production of
additional 13 boards

iWECAL Beamtest.pdf

J

LCWS2026 | Taiki Kamiyama

5


https://arxiv.org/pdf/2211.07457
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https://indico.in2p3.fr/event/36116/contributions/163076/attachments/97129/149385/SiWECAL_Beamtest.pdf
https://indico.in2p3.fr/event/36116/contributions/163076/attachments/97129/149385/SiWECAL_Beamtest.pdf
https://indico.in2p3.fr/event/36116/contributions/163076/attachments/97129/149385/SiWECAL_Beamtest.pdf

2026 test beam
configuration & goals

N W absorber B Sj + FEV2.1 board ™ Sj+ FEV11_COB board Il Sj + FEV12

W [mm] 56 56 56 56 56 56 56 42 42 42 42 42 42 42 42 28
Slab 14 13 12 11
{pitch: 15 mm)

Board FEV FEV COE FEV FEV FEV FEV FEV FEV FEV FEV FEV FEV FEVi2 FEV

Si [um] 650 500 500 500 500 500 500 500 500 500 500 500 500 500 500

beam

S—

Nearly uniform
15 layers with FEV2.1

z20)(0

Active
96.5 % " colis

J.P. Marquez

Goal
GEANT4.

Electromagnetic performance over the full range energy,
low-energy pion response and reference data for

2026/11/12 LCWS2026 | Taiki Kamiyama



| Data collecte

Campaign overview
27.8 M

events recorde

ibration
ret

13%
Position
scan

J.P. Marquez & V. Pérez

2026/11/12

]
run |

Scan positions:
® Energy scans
® Position scans

Angle scans:
5°10°30°&45°

y [mm]

10.4 M events

B 7.5Gev B 52 GeV

10 GeV 74 GeV
B 20 Gev [ 99 GeV
34 GeV

Layer cross-section (x-y)
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‘ e o o o
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“/< ) J[om

SOftW a re & The software stack (2 repositories) ) 8-
*TB analysis: https://github.com/Olmichu22/siwecal-tb2026 yp———
& Data conversion (decodifier) } Y

ongoing analysis| wmy= &

extended from

old CALICE sw
=validation variables (shower pid studies) >‘ KEQ4hEP}'{€’
“Event_display (keydhep native)

Software foundation cAcT kg

= Jupyter notebooks (python, dynamic analysis) - 0. Arquero® _/
a & Event_viewer (Python, real-time tools) - O. Arquerg® <= Interactive web Ul (Plotly Dash); extra Python dependencies (dash, plotly)

V4
A
J . P- M a rq u ez — * Simulation: https://github.com/marherje/siwecal_k4sim

i ™ Realistic digitization - Y. Shi, V. Boudry® ™
> Established the framework and |y defion- s oy T
|n|t|ated the ana|YSIS eﬂ:Ol"t. EValidation variables (shower studies) el el

> Kegdhep}{{

A Irles, et al.
(2017-2022)

= ACTS tracking

Ongoing analysis e evthen i
« O. Arquero®: “Eventviewe (ytho) )

14 CCIEMATELLR J.P. Marquez | DRDCalo Meeting@DESY 2026 d I‘ifl Cca Iﬁ

> ML-based event selection

« T. Kamiyamac¢ & T. J. PuleP:
> Linearity & resolution studies
. V. PérezE:
> Uniformity scan analysis & documentation

Note: This is not a complete
list of contributors.

e B. Gautiert: A1JCLab, BCIEMAT, CUTokyo,

. . PU. Witwatersrand, ELLR
» Angle and position reconstruction

2026/11/12 CWS2026 | Taiki Kamiyama 8



T. Kamiyama Black: data, Red: simulation

SiW-ECALTB2026, .r < 10 mm, hits > 0.5 MIP

| EM response: data-simulation : sz .
comparison at pos. 2

(%)
(=]
o
o

B
(=]
o
o

Reconstructed energy [MIP]

Energy distribution for events selected near the “beam center”
g y energy: data (black) vs sim (red), r <= 10 mm (barycentre of layers 0,1,2), hits > 0.5 MIP, normalised to unit area
Run 24 (7.5 GeV e-), r <= 10 mm (barycentre of layers 0,1,2), hits > 0.5 MIP Run 25 (10 GeV e-}, r <= 10 mm (barycentre of layers 0,1,2), hits > 0.5 MIP Run 26 (20 GeV e-), r <= 10 mm (barycentre of layers 0,1,2), hits > 0.5 MIP 3000
08 # data (N=11184) p=6245, ofu=905+011 % 0.07 # data (N=25250): p=8437, ofu=777+£0.05 % eor # data (N=62596): u=1719 8, /=5 64+0.03 %
0.07 # sim (N=885): u=622.4, g/u=8.60x0.32 % 006 L] SVTITENZNAB) u=834.4, o/u=7.892027 % 008 # sim (N=2004): u4=1711.5, o/u=5.63x0.15 % 9 .
" 7.5 GeVy - 10 GeV .| 20 GeV Linearity
§004 ‘é”“" Em 1000 1 beam E VS reC E
s E 0.03 E 003
goo3 £ £
£ E 0.02 E 0.02 0 ! | | | | ! !
! 0 10 20 30 40 50 60 70 80
o ] + t . f Beam energy [GeV]
000 bamsmmsatgsnzsinb ot f Bittd oo htensstmsemmmsmnszzeencs bobagttaed | 0o 1::::::::::::::::::::::‘:‘*' L gy
300 400 500 600 700 800 500 600 700 800 900 1000 1100 1200 1400 1600 1800 2000
£ hit_w_energy [MIP] I hit_w_energy [MIP] I hit_w_energy [MIP] . .
Run 27 (34 GeV e-), r <= 10 mm (barycentre of layers 0,1,2), hits > 0.5 MIP Run 28 (52 GeV '), r <= 10 mm (barycentre of layers 0,1,2), hits = 0.5 MIP Run 29 (74 GeV e-), r <= 10 mm (barycentre of layers 0,1,2), hits > 0.5 MIP SiW-ECAL TB2026, r < 10 mm, hits > 0.5 MIP
P Bbs 1| W el o, e orsn s A8 . A e ® Data:S=236%C=178%
/ ' 10 0 Simulati8n (1 % beam spread): S =23.2%,C=1.79%
" 34 GeV ... 52 GeV " 74 GeV 252 1 1.78 %
% 0.04 g 0.04 E 0.04 _\/E .
Eu.ua Enns gnns 8 23 2 0/
=22 1.79 %r=Lec
. —_ E . E - VE
0.01 ; 0.01 0.01 " b, B._.? 6
0.00 ,-nnnun'nnl'lli"':‘ ‘h"- 0.00 Jrasnnanaanspanangesn®® ot jIT— 0.00 jeamasusasnnanananni .“_::ll-' R — Ly
2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5250 5500 5750 6000 6250 6500 6750 7000 7250 Tl.l
£ hit_w_energy [MIP] I hit_w_energy [MIP] Z hit_w_energy [MIP] e}
Broad agreement between data and simulation
o _ _ _ _ ) esolution
A guantitative comparison requires corrections for hit loss beam E vs resolution
and the position-dependent response discussed later. .

0 10 20 30 40 50 60 70 80
2026/11/12 LCWS2026 | Taiki Kamiyama Beam energy [GeV] 9



Number of hits

Data

Fewer low-energy hits at high beam energy | ~ Simulation
SiVECAL TB2026. 1 < 10 mm. hits > 0.5 MIP SiW-ECAL TB2026, 74 GeV, r < 10 mm,_:t_s ;a(:: MIP, main-peak events
i [S)i?:zllation (1 % beam spread) $ 0 E_STpeton (1% beam spreac)
5001 %’,60_
400+ %50'
g 401
300 =
€ 30
2001 c
Beam E vs hits 5"
100 = 10 Layer profile of hit
at 74 GeV
0g o ” " 0 " . 7 50 51 3 3 a4 5 6 7 8 9 10 11 12 13 14
Beam energy [GeV] Layer
The number of low-energy hits decreases near the shower

maximum at high beam energies.
Recent studies indicate that high hit occupancy within a readout

chip causes a pedestal shift, suppressing low-energy hits (See backup
slides).

2026/11/12 LCWS2026 | Taiki Kamiyama 10



It

V. Pérez 50 beam N3

( Position-dependent s
response

Beam position dependent detector response

o Reconstructed—er_;e_r_'jogyzs map vs.
« Scanned 50 beam positions to map beam position *

O =
o
oD
)
M
D

the detector response. E &0 2

« The rec E depends on the beam- g ” :

injected position. g 40 E‘
2 20

In particular, the rec E is lower when the 5 E

beam hits the chip center. E ‘ ;

8 -20 _

s . :

60 5

8

-80 =

500

2026/11/12 LCWS2026 | Taiki Kamiyama 80 60 -40 -20 0 20 40 60 a0t
Tungsten-weighted centroid x (mm)



] ] SKIROC chips
Correlation with PCB trace length e ==

signal [MIP]

[Channel 0 —@mf é:
Shield plan e Ljﬁ
1 s Slow sha p o channel
PCB trace leng h‘ ; ‘ 5 > S e I ey = na"y
ea T e m: g
Pad 1 Pad 2 > - P - i
oI Total channel PCB trace length vs rec E
= 7000 —— : :
. X _ Chip3(é4} = Chipétmy
- Correlation between detector > esook | I L
X 6500[- gy st
response & PCB trace length. s I E *?‘” i -
B oo SDMR 0SS L Ruaseounse
+ Fitted with a linear function A0 S A -
between total hit channel trace 5 L
Iength & Fec E E 5000— )
g 4500;
2026/11/12 LCWS2026 | Taiki Ka - Ié| - l11(1'l - I1I5I - I2i{:)l - 12:'5. - I3i{‘.'. - l3l5

Total track length (mm)



Empirical correction wss, Defore

Mean corrected response E_WHL)

» Recovered rec E uniformity by  je i
E — Evefore g: g:
corrected Co+cylL i, —7
» Resolution improvement after = .
correction. B c -

¢ COI’I’eCtIOH Strength ”C]_/CO” m-su ® 40 20 0% a0 w0 v B0 60 40 20 0

20 40 B0 80
en-weighted centroid x {mm] Tungsten-weighted centroid x {(mm)

depends on beam energy.

This would be a hint --- Beam energy vs c;/c

. . . . . x 10°
« Mechanism is under investigation. T S —————————r
= T~ o (00)-mod|oo‘t aint
Energy (GeV) Relative width ; 8f Z*;j ,, consred oy ¢ elsin / .
reduction (%) - Y,
6
7.5 4.17 : «
1[} 3.34 4 i B VOOUR " W W0 V.S ST S S
20 14.77 s S~ N R N
34 34.96 | =1 0 | |
he 17.83 T T T T T e
2026/11/17 4 33.16 LCWS2026 | Taiki Kamiyamg 20 %040 0 dm enefly (GeVi




0. Arquero 2 positrons?

| ML-based EM event selection

Positron?
Motivation

- Real data contain muons, pions, = = -
multiple particles, and noise. \ BN\
.-. - f'..\\

y [mm]

« Simple selections may leave
residual background.

Pion?

Approach

2[mm]

« A one-class autoencoder, trained only on e -

simulated EM events, learns the
characteristics of EM showers.

e Calculate “EM-likeness” with data.

2026/11/12 LCWS2026 | Taiki Kamiyama 14
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The neural network: a one-class set autoencoder (set-to-set, attention-based)

-
rC I te Ct u r e O f t e a u t r e One-class set autoencoder: trained only on simulated input | | setencoder Pooling
I \ | l | l () e I I C O d e electrons, no labelled background classes N I |

e  Set-to-set, permutation-invariant: hits have no natural
order, so no positional encoding is used.

— e  Encoder (Set Transformer-style): 6 self-attention S Outputheads | | Match er
layers, 8 heads, over per-hit features (x, y, layer, energy). Rzl | W1 ol g 8l
e Attention pooling (PMA, K=4 seeds) compresses the

variable-size hit set into a fixed latent: K x d_lat = 256 Loss function:
5 Cost of matching:
numbers (bottleneck dim).

Cy =i =pilly+(=log Pc)) + [ei—¢ ~ a(r)
where h how m ner; TY COMe

[ o Decoder (DETR-style): 1000 learned queries, o o gy | coiBaont e e e iosod
u . cross-attention to the latent, four heads: position, layer, 5 .
energy, realness. The score is i:nak cost, solved and normalized:
score = 2 matched Cr (), + Ltettover 9(Ti)
® Hungarian matCher aligns prediCted qUefieS to real N [whm it msl‘fo explain :IK-J(-v(-m what the model m\lrr[nedincd]
N hits; the matched cost, normalized by N, is the anomaly
® It X, y, a ye r - score. Permutation-invariant. Model architecture inspired by S. Van Stroud, hepattn:
Attention for High Energy Physics, v0.2.0
Predicted h Enery Physis

> .« Hitx, vy, layer

-AH|tE

. HitE >

Decode

Check difference between input & reconstructed input

1. The model calculate how closely each data event resembles a simulated
EM shower.

2.Set threshold to separate EM events and backgrounds.

3. Events below the threshold are accepted as EM events.

2026/11/12 LCWS2026 | Taiki Kamiyama 15



First selection result
Examples of acc pted (Ieft) & re']ectedm(s gsht).

un 44, 34 GeV — passes q- 44, 34 GeV

e 0,516 (cut 0.584) unmatched 0.153 (cut 0,190) 33 0.867 (cut 0.584) unmatched 0.288 (cut 0.190) 312 hits  fractal dim, 1,62

Event display

| & . ™ E :
[ = S~ = 3
. * =7 . o | W
- ol - t
. B - l
g . /j i ]
‘ C R W N
layer o n:"f a0 *\6‘6\ laye, ° \‘T w *\6‘6\
Layer profile of hits
o 401 @ 40
> =
2 s
v o
H £
& £ 20
£ 8
£ Ll
oM | ] 0 -__-
01 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 S 6 7 8 9 1011 12 13 14

layer

. Successfully select highly EM-like events.
 Currently favors “clean” electron events, and the selection can still be tuned to
reduce this bias.

« Background-separation model is also under study.
2026/11/12 LCWS2026 | Taiki Kamiyama 16



| Summary & outlook

« Test-beam campaign

« The 15-layer SiIW-ECAL technological prototype operated successfully at CERN SPS.
« The campaign recorded 27.8 million events over energy, position, and angle scans,
including muon and pion samples.

Physics prototype We are now HERE Full detector

« Preliminary analysis results
« Reconstructed-energy distributions show broad agreement between data and simulation.

« Two detector-response effects were identified: low-energy hit loss at high hit occupancy
within a chip and a position dependence correlated with PCB trace length.

« ML-based event selection is being evaluated for efficiency and selection bias.

 Outlook

Understand and correct these response effects, then re-evaluate the energy response and resolution.

2026/11/12 LCWS2026 | Taiki Kamiyama 17



| Backup

2026/11/12

LCWS2026 | Taiki Kamiyama

18



B

| TB2006 summary

https://arxiv.org/pdf/0811.2354

« TB2006 at CERN, H6 beam line
e External RO

* 30 layers (1.4 mm - 10 layers, 2.8 mm - 10 layers, 4.2 mm - 10 layers, 24 X0
in total)

*E:6—-45 GeV
 Sisensor: 525 um

* Chin total: 6480 with 1 cm cell

. op _ (16.640.1)% ;
Reso:—* = oo D (1.1+£0.1)%

2026/11/12 LCWS2026 | Taiki Kamiyama 19
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| TB2021 & TB2022 summary

https://arxiv.org/pdf/2211.07457

« November 2021 @ T21 area, DESY:

« 15 layers (2.1 mm - 11 layers, 4.2 mm - 4 layers, in total 10.2

X0)
«E:1-6 GeV
« FEV10/11 + SKIROC2 + 320 um S - 11 layers, FEV12 +
SKIROC2a + 500 um Si - 4 layers
« Aim
« Commissioning of common 15-layer DAQ

« Arrangement of threshold, hold value, gain
« pedestal - MIP calibration

« Evaluation of self-trigger & noise
« Record of low E EM

2026/11/12 LCWS2026 | Taiki Kamiyama
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https://arxiv.org/pdf/2211.07457
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« March 2022 @ T21 area, DESY:

« 15 layers in total 15.2 X0
«E:1-6 GeV
« Aim
« Record shower with deeper calorimeter
« Compare FEV13 and COB with other versions

« Evaluation of S/N, effective threshold and cell response
 Validation for simulation/digitization

# Layer FEV ASIC Si sensor W

2 FEV13 SKIROC2a 650 um 2.8

2 COB SKIROC2a 500 um 2.8

4 FEV12 SKIROC2a 500 um 2.8, 2.8,2.8,4.2
7 FEV10/11 SKIROC2 320 pm 4.2

2026/11/12 LCWS2026 | Taiki Kamiyama 21



B« June 2022 @SPS, H2, CERN:
« 15 layers in total 20.8 X0)
« electron : 10, 20, 40, 60, 80, 100, 150 GeV
« muon : 50, 150 GeV
« pion : 10, 20, 70, 100, 150, 200 GeV
« Change SKIROC preamplifierdfeedback capacitance’z 1.2 pFHh56 pF
([CZBE L, gain’in’91/4.$
« AiIm
e Usage of common DAQ of EUDAQ2
« Evaluation of ECAL

Layer FEV Si sensor W

0-3 FEV13 650 um 4.2 mm
4-5 FEV13 500 pm 4.2 mm
6 COB 500 pm 4.2 mm
7 FEV12 500 pm 4.2 mm
8 CcOB 500 pm 5.6 mm
9 FEV12 500 pm 5.6 mm
10-11 FEV11 320 pm 5.6 mm
12 FEV10 320 um 5.6 mm
13 FEV13 320 um 5.6 mm
14 FEV11 320 pm 5.6 mm

2026/11/12 LCWS2026 | Taiki Kamiyama
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| TB2025 summary

« March 2025 @ DESY:

« 3 layers 2.1 -> COB -> 2.1
 No absorber
« E: 3 GeV
« AIm
Measure FEV2.1 response

2026/11/12 LCWS2026 | Taiki Kamiyama
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Problem in the previous boards

Power-supply noise could affect the
ASIC response.

Noise or voltage variations could
enter through the sensor-bias line.

Dense PCB traces could cause noise
and crosstalk between channels.

Control and data sighals could
become unstable while travelling
across the board.

A bad channel or a poor sensor
connection was difficult to diagnose
before a beam test.

Testing a single board required much
of the full detector system.

Sensor-to-PCB connection failures
were found in older modules.

2026/11/12

FEV2.1 update
Local low-voltage regulators (LDOs)

Local high-voltage filtering and
distribution

Simplified signal routing and
improved ASIC shielding

Redesigned buffering and data paths

Analogue-probe line, temperature
monitoring, and board ID

Flexible stand-alone HV distribution

Improved assembly procedure and
analogue-probe checks

LCWS2026 | Taiki Kamiyama

| How to upgrade FEV board

https://indico.in2p3.fr/event/36116/contributions/ 163076 /attachments/97129/149385/SiWECAL Beamtest.pdf

Why it helps
They provide cleaner and more stable
power close to the ASICs.

They stabilize the bias voltage applied
to the silicon sensors.

They reduce electrical interference
between channels.

They improve the reliability of signal
and data transmission.

They allow each module and channel
connection to be checked on a test
bench.

It makes individual-module testing
and commissioning easier.

They improve the connection and
allow defective glue contacts to be
detected.

24
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| SKIROC chip

P out_adc

N

SKIROC chi
| 12 bit TDC ramp | | 12 bit ADC ramp |
Channel 63 I
Channel 0 -
=
c L
- Depth=15
M R rid
= ! MUX
I GRS Slow shaping channel
I : records signals
Il Ak | N : read Gain selection
ssh10 I
In_PA PAC 5 c L
- I . Depth=15 l
=2} [=——] = — }:—==1 =]
# Hold
‘ > W-l sk, 8-bit Del J
b b— U;f-::: L box: 1031
o ‘T‘de;ecu’)r i |
: |
[ 10-bit DAC |
2026/11/12 LCWS2026 | Taiki Kamiyama

Slow shaping signal [MIP]

Fast shaping signal [MIP]

—r r [ rrrr ]t

— Slow Shaping signal

—-Read time

PO R T
400

? o I TR |
600

III LI I L L B I L B L R |

800 1000
Time [ns]
— Fast Shaping signal
— Threshold

00
Time [ns]

150

200
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- EE  EE EE EE EE B EE B EE S S B B B Em .

—— Em - o - . . S S O e O e e Ee Em Em .

12 bit-TDC Ramp

12 bit-ADC Ramp

= am Em am aa Ea Ea B B B B B B B B B O EE B O EE B B = —

—

READ
I epth=15 .
C2=1.6pF | :
I | /'—
SIOW Sh. G1 VW i E TDF‘ ramp
Rf 4 1or1om Ri=tk  Cl=45pF Famonk ' el out_adc
v ; D_y out_tdc
: M
cf | vref ss '— / [ J‘ 0 U Time,
A : De,qth=15 X ssh_Gl,
400f .800f, 1.6p, 3.2pF | out_ssh_G1 ssh_GI10
C?‘,:?pF | conversion
> i | - out ssh_G10
AN o Slow shaper'.
in_PA Slow Sh. G10 A | £
R1=22k (C1=8pF
PAC AV —| P \ ¥ DR_E;&D Gain_selection
‘”’ef—“'_/ | Depth=15 _IZ
! Vth_gs
100£, 200£, 300£ or 400fF |
it ! TDC_on ?
Fast Shaper / ' (slow control)
5p.10p, 15p or 20pF 300k
| -
6k / ' \ Auto Gain ?
vref fs 8 bit-Delay Box: Forced Gain ?
D—*_~Vvth_trigger sl i (slow control)
N Zbit DAC
adjustment .
out_trigger
. ; FLAG_TDC
10-bit DAC 10-bit DAC (from Digital ASIC)
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| Detailed mask channels

St 2

.,.

2 -1
.. - .‘..
WL
. > . o

2026/11/12

AL TRNG masaro

0% D sl 1

® BV el |
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Layer Active
cells (%)
0 74.4
1 97.2
2 99.8
3 99.9
4 99.8
5 99.8
6 93.6
7 99.9
8 99.9
9 99.7
10 99.2
11 99.6
12 (COB) 90.8
13 93.7
14 99.7
All 96.5
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Analysis for EM response

| Simulation

° ° \/ WCub
Data & Sim workflows converge at high-level /\<

QGSP_BERT_EMZ

data

ion

lat

simu

15

1 - Decode 2 - Calibrate
A - DAQ binaries PedestalMipCalib
EcalRawDecoder rator
B - EUDAQ .slcio > muon-run chunks —
EcallcioDecoder pedestal & MIP

— siwecaldecoded tables

chunks

Work done in initialize() - execute() is empty

one kdrun per stage, linked by ROOT files

1- GEANT4 2 - SHAPING 3 - MAPPING 4 - ADC 5 - ECAL TREE
ddsim RealDigitizer ChannelMapper AdcDigitizer EcalTreeWriter
DD4hep compact XML+ s fast shaper triggers, — sim cells — chip and —> gain, noise, saturation - digitised hits — the
SiPadDetector plugin, slow shaper sampled at channel, dead channels — ADC, read back with same ecal tree as data
beamline, Gaussian hold masked the data tables

beam

DD4hep + Geant4 one k4run - kAFWCore - EDM4hep event store — digitised EDM4hep + ecal tree

3 - Build events 4 - To EDM4hep 5 - Shower vars 6 - Tracking
EcalEventBuilder EcalToEDM4hep EcalPidTransform ACTSProtoTracker
beam-run chunks + ecal tree — er tracks added to the
tables — ecal tree = EDM4hep hits, 0.5 ~> EDM4hep + PID > same EDM4hep file
MIP cut collection, valtree
-»

Gaudi event loop - k4AFWCore event store (podio)

chained algorithms per event; tracking re-reads the file (I0Svc)

J.P. Marquez | DRDCalo Meeting@DESY 2026 d r%ﬁl Ca I%’?

2026/11/12

LCWS2026 | Taiki Kamiyama
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Analysis for EM response

| "Beam center” estimation

« “Beam-position” estimated by
2(wixi)

Xcenter = “yo° (w;: hit_w_energy, x;: hit position(x, y)) at layer 0-2,

with all events.

« Only selected events with r < 10 mm from the mean of
“beam position” for both. (Near “beam-center” events)

2026/11/12 LCWS2026 | Taiki Kamiyama
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« Comparison between hea
Data

t map of “beam center”:
Sim 10000 events
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barycentre y. layers 0-2 [mm]

Shower barycentre of layers 0-2 (hit_w_energy data: X _jesus-b:
red +: beam centre (median), red circle: r = 10 mm, magenta: chip boundaries; bins = pad pitch 2.765 mm x 2
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« R <10 -> almost same
« R >30-> Data >> Sim
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46.2 /51.1

Shower barycentre of layers 0-2 (hit_w_energy weighted), sim: sim sigE1_ped<N>_jesusmip_runanchor (real)
red +: beam centre (median), red circle: r = 10 mm, magenta: chip boundaries; bins = pad pitch 2.765 mm x 2
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rgy in the layer

mean sum hit_w_ene

rgy in the layer

mean sum hit_w_ene

Analysis for EM response

| Simulation vs Data

- Layer E, 0.5 mip cut, R<10

layer energy: data (black) vs sim (red, sigEl_ped<N=>_jesusmip_runanchor), r <= 10 mm (barycentre of layers 0,1,2), hits = 0.5 MIP, main peak

Run 24 (7.5 GeV e-)

100 A

80 4

60 4

40

20 4

—§— data (N=8861, total 624.6)
—f— sim (N=827, total 622.0)

/7.5 GeV

rgy in the layer

mean sum hit_w_ene

layer

Run 27 (34 GeV e-)

400 4

350 4

300 4

250 4

200 4

150 A

100 A

50 4

—§— data (N=57289, total 2952 .4)
—§— sim (N=3006, total 2937.2)

34 GeV

rgy in the layer

mean sum hit_w_ene

Run 25 (10 GeV e-)

Run 26 (20 GeV e-)

Data
Simulation

2

—§— data (N=21611, total 843.6) 250 A —4— data (N=50994, total 1720.0)
—§— sim (N=1001, total 834 4) —§— sim (N=1924, total 1711 7)
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—¥— data (N=63548, total 4533.9) —¥— data (N=21641, total 6393.4)
600 —f— sim (N=4509, total 4519.8) —f— sim (N=4795, total 6448.4)
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Analysis for EM response

* Hit E, 0.5 mip cut, R<10

No inter calibration (HG only)

: energy from the HIGH GAIN ONLY (no LG<->HG intercalibration; above 1500 ADC the saturating HG is kept): data (black) vs sim (red), r <= 10 mm (barycentre of layers 0,1,2), hits > 0.5 MIP, main peak, normalised to unit are

fraction of hits / bin

fraction of hits / bin
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Data
Simulation

After inter calibration

hit energy: data (black) vs sim (red), r <= 10 mm (barycentre of layers 0,1,2), hits > 0.5 MIP, main peak, normalised to unit area
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L] 2 — sm
107!
K

. 10 - 1072
H H
2 2
E E
5 b

c 107 2 107
2 2

10 10-4

s

10°° 10
10 20 30 40 10 20 30 40 50 o 10 20 30 40 50 60 70 80
hit_energy [MIP] ergy t_energy (M)
Run 27 (34 GeV e-) 4 -1 pV I;au (52 qov ey p\/ ; 4 - X e)
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Analysis for EM response

hits / event / bin {log-spaced bins)

1073

hits / event / bin (log-spaced bins)
o
5

1073

Log scale

HG-enly

Run 25 (10 GeV e-), r <= 10 mm, hits > 0.5 MIP

. . .
it energy per event: data (jesus-based) vs sim (qugd\L[slltverrr:anca lJ b\rathQ mers H ﬁ E}Q\n\Lyt in r (no main-peak selection)

Run 26 (20 GeV e-), 1 <= 10 mm, hits > 0.5 MIP

Run 24 {75 GeV e-), r <= 10 mm, hits > 0.5 MIP'
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Data
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After inter calibration

hit energy per event: data (jesus-based) vs sim (sigE1_ped<N>_jesusmip_runanchor), r <= 10 mm (barycentre of layers 0.1.2), hits > 0.5 MIF, all events in r (no main-peak selection)

Run 25 (10 GeV e-), r <= 10 mm, hits > 0.5 MIP
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Analysis for EM response

* Nhits, 0.5 mip cut, R<10

nhit: data (black) vs sim (red, sigEl_ped<N>_jesusmip_runanchor), r <= 10 mm (barycentre of layers 0,1,2), hits > 0.5 MIP, normalised to unit area

fraction of events [ bin

fraction of events [ bin

Run 24 (7.5 GeV e-), r == 10 mm (barycentre of layers 0,1,2}, hits > 0.5 MIP
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Analysis for EM response

 Layer hits, 0.5 mip cut R<10

mean nhit in the layer

mean nhit in the layer

Data
Simulation

layer nhit: data (black) vs sim (red, sigEl ped<N=> jesusmip_runanchor), r <= 10 mm (barycentre of layers 0,1,2), hits > 0.5 MIP, main peak

Run 24 (7.5 GeV e-)

Run 25 (10 GeV e-)
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Analysis for EM response

fraction of events / bin

fraction of events [ bin

« Energy, 0.5 mip cut, No event selection

Data

Simulation

energy: data (black) vs sim (red), no r cut (barycentre of layers 0,1,2), hits > 0.5 MIP, normalised to unit area

Run 24 (7.5 GeV e-), no r cut (barycentre of layers 0,1,2), hits > 0.5 MIP
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Run 26 (20 GeV e-), no r cut (barycentre of layers 0,1,2), hits > 0.5 MIP
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Analysis for EM response

| Pedestal shift at high occupancy chip

 When a chip collects a large
charge, the pedestal of the
other channels in the chip
drops, by up to about half a
MIP or more.

« Effectively this raises the
threshold, so small hits are
lost, mostly near the shower
maximum.

« The physical origin, for
example the HV recovery or
the front-end baseline, is still
under investigation.

2026/11/12

J.P. Marquez

Sim: Pedestal drift with high occupancy Yo

Chip baseline sag against the charge of the chip and of the rest of its slab, per threshold set
¢ data, Q_slab < 2k # data, Q_slab 2-8k i data, Q_slab 8-16k 4 data, Q_slab > 16k

—— measured map, Q_slab < 2k == measured map, Q_slab 2-8k  —-: measured map, Q_slab 8-16k  --:- measured map, Q_slab > 16k — :‘g;f:}%}::e;)g;ﬂg;,
—— best formula, Q_slab < 2k ~~~ best formula, Q_slab 2-8k —-~ best formula, Q_slab 8-16k -+ best formula, Q_slab > 16k =
th210 (20, 52, 74 GeV) th220 (20, 74 GeV) th230 (20, 52, 74 GeV)
~

A Pedestal (ADC)

data — model [ADC]
|

104 1 10° 104 10° 10! 10? 10°
Q_chip, charge of the chip-SCA [ADC] Q_chip, charge of the chip-SCA [ADC] Q_chip, charge of the chip-SCA [ADC]

J.P. Marquez | siwecalsoft d r%ﬂ Ca I*
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Analysis for position dependent response

| “Beam position” estimation

“Beam-position” estimated by

Xconter = % (w;: hit_w_energy, x;: hit position(x, y)) at layer 0-14,witout
layer 1 & 1

with all events.
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Analysis for position dependent response

ICandidate mechanism on non-
uniformity response

— Slow Shaping signal |

SKIROC chips : .

» Trace-length-dependent cross-talk g = e B

[
i ]
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. [
Shield plane N 1 '

I— —|_— _ _______ _ad(° i
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Slow shaping
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vFﬁ L2 ‘T-u. —Threshold ]
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- AV;, due to large charge from silicon pads, which is proportional to total charge Q.

- Effective capacitance between wire and shield plane gives AQ; « AV, - L;.
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  𝟓 . 𝟓   𝒎 𝒎  


  1 × 1   c  m 2


  𝟓 . 𝟓   𝐦  𝐦 𝟐


  ~ 𝟐 𝟒    𝑿 𝟎


  500   or   650   μ m


  ≈ 𝟐 𝟎    𝑿 𝟎


  𝟗 𝟔 . 𝟓   %


   e +


   e +


  5   ° ,   10   ° ,   30   °   &   45   °


    23 . 6   %   E ⊕ 1 . 78   %  


    23 . 2   %   E ⊕ 1 . 79   %


   𝒄 𝟎 +  𝒄 𝟏 𝑳


   E  corrected =      E  before   c 0 +  c 1 L


   c 1 /  c 0


   𝒄 𝟏 /  𝒄 𝟎


  525   𝜇 m


     𝜎 E E =    (  16 . 6 ± 0 . 1 ) %    E    [  GeV ] ⊕  (  1 . 1 ± 0 . 1 ) %
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   Q  tot


  Δ  Q i ∝ Δ  V  pa ⋅  L i
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