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SIW-ECAL Timeline

Physical (2005-11)
— Proof of principle

— 1x1cm”on 500um
6x6 cm?
Pad glued on PCB
Floating GR

— x 30 layers (10k
chan).

— External readout

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 slab (x30)

2012-2023

‘ultimate’ design with
SKIROC2 ASIC (2012)
[LLR+1JClab]

* Many improvements:
stability, noise, flexibility

« = PCB + HV Kaptons
DAQ and Readout [lJCLab]

But serious issues stability
of gluing of wafers on PCB

Test of ASICs (Qmega)

2024

Diagnotics and assembly
revisitation: 1JClab, DMLab +
IFIC Valencia

* Metrology, Thermal

cycling, Gluing solutions

Puncturated

adhesive film (DMLab)
+

conductive glue dots (IFIC)

2025

— Testof 2 boards at DESY

* Verygood response at low-
E (mips), noise compatible
to run wilth full dynamics

— Production of 13 additional

boards

— Tests & integration (1JCLab)

Entries

—

Layer 1, Chip 17, Memory Mone, Channel 13

High Gain,
limited
Byl dynamics
S/IN ~ 29

lhl.

e = PRV TR
300 400 £ &0 00 B0 ]

Anc high

Layer 1, Chip 7. Memory 0, Channel 8

Gaussian Fit for Pedestal
T Mean=234.75, Sigma+2.17
Landau Fit for Signal
3 MPY=258.20, Era=3.50

s e Low Gain,
i1 ! Full dynamics
SIN~ 11

L Mip: 2344
; SN = 1082
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SIW-ECAL Timeline

Technological (how)

— Embedded electronics
* Power-Pulsed, Auto-Trig, delayed RO
e S/N = (MPV/0Onoise) = ~12 (trig)

— Compatible w/ 8+ modules-slab

— 5x5mm? on 500-650 pm 9x9 cm?
x 15 layers

1,024 (slab) ~ 15k (calo) channels

TestBeam CERN June 2026 (next slide)

On-going analysis

J.P. Marquez: general software
maintenance/development. Simulation.

O. Arquero: Encoder for selecting high energy
e- showers

T. Kamiyama: Linearity & resolution studies
(bottom-left area) using Gaussian filtering.

T. Pule: Linearity & resolution studies (top-left
area) using shower variable’s cuts.

V. Pérez: Uniformity scan analysis.
Documentation

B. Gautier: angle and position reconstruction

J.P. Marquez

Note: not a full list of contributors, just the ones involved
with the code

FCC-ee Pilote — Full Detector

— 1M= 70M channels

— on725um 12x12 cm?® 8”’ Wafers ?
— Pre-industrial building

— Fullintegration (2 cooling)

— Final ASIC
(GETROC)

SHiP

— 20 layers x~9k channels (next talk)
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SIW-ECAL Uniform prototype

S Layer Active
e cells (%)
A Stack of 15 uniform sensor layers, separated by W . | 5 724 | Dead cencor
absorbers (non-uniform) C T T .
g Sl B 1 97.2 Old design
— 15 Sensor layer made of : o ’
| e i e~ e > 99.8
« 4 wafers[500 pm x (16x5.5mm)®Si PIN Diodes]=18x18 cm?® ' - =3
« 1PCB (FEv2.1) ' '
; ‘A 4 99.8
« 16 ASICs (SKIROC2a) g men smmane e
: = i 5 99.8
— Tungsten absorbers: "
’ 6 93.6 i
e 8x4.2mm[1.2Xo] +7 x 5.6 mm [1.6 Xo] Chip 9 dead
Total= 20.8 Radiation length PR N ... / 99.9
— Missing channels: bad connexion, ASIC, noise: ~4% ‘ = = 8 99.9
s T e - p
10 99.2
11 99.6
‘ | BRI ’ '-_, | 2cop) | s0s | cos
m“ _‘! : 13 93.7 | Chip 9 dead
7/ 1 TR 14 99.7
- New boards are way better All 96.5
than the previous ones!
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Test-beam at CERN June 2026

=== Wacuum pipe
=== (Cable rack

Test Beam in SPS line H2 June 17th to 25th == TB platform

* 8days of around 22h/day data-taking

1 OB Exit door FPX # PPG
. . . . . . 3w Fatrol box
* Mounting the first day without major complications 5 0 Pk Susm bt ey
wehation daplay
Ridha tion monil er

e Almostno beam shutdowns

* Verysuccessful TB!

SIW-ECAL, CERN SPS test beam 2026: 15 slabs, 21.6 X, of W (75.6 mm), rail pitch 15 mm

= W absorber = Si + FEV board = 5| + FEV11_COB board

56 56 5.6 56 5.6 5.6 5.6 4.2 42 a2 a2 42 42 42 42 28
< beam
g g |
14 13 12 11 10 ] 8 7 6 5 a 3 2 1 o
1 o 1 2 3 4 5 6 8 9 10 1 12 13 14 1

W [mm]

slab
rail 7 5
board FEV FEV COB  FEV FEV FEV FEV FEV  FEV FE FEV FEV FEV FEV FEV
5i [pm] 650 500 500 500 500 S00 500 S00 s00 500 500 500 500 500 500
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Test-beam at CERN June 2026

General Test-beam summary

== Energy calibration: 5,582,510 (20.06%)
Uniformity with positrons: 3,675,893 (13.21%)
e Muons: 17,350,987 (62.35%)
Other analyses / unassigned: 1,221,019 (4.39%)

Muons - 150 GeV - For calibration
(about 3 night runs)

Pions-10, 20 and 30 GeV - For future

analysis

Analyses performed
27,830,409 reported events

Positrons — beam energies Ener scan iti
10375503 roooted o gy Positions used for the energy scan
V F 3
P+
(H: 1179 m,
V: 1.107 m)
= 7.5 GeV: 1,137,821 (10.96%) o P 5:
9.9% 10 GeV: 1,031,279 (9.94%) (H: 1135 m,
w20 GeV: 1,212,870 (11.69%) V- 1.152 m) X
34 GeV: 1,233,868 (11.89%) 18 cm @ " H
e w52 GeV: 624,947 (6.02%)
74 GeV: 4,340,721 (41.82%)
== 99 GeV: 796,591 (7.68%) ® O o
11.9% P 2: P|3:
(H: 1.179 m, (H:1.09 m, V:
1.197 m)

V:1.197 rm

4
1135 m,
V: 1197 m)

Also: 5, 10, 30 and 45° angle with 7.5, 10, 20, 34, 52 and 74 GeV

Uniformity with positrons — events by position
3,675,893 reported events

200,000 4

Uniformity scan

150,000

Reported events

50 positions, 74 GeV ~|—r

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
::::::::::::::::::::::::::::::::::::::::

Uniformity position
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[~ data

Preliminar results on shower & energy - Sminodig

20 GeV Sim vs data (unfiltered) comparison 74 GeV —1 Sim (digi)

74 GeV e*, th210, beam at (22, -49) mm — data: eudaq 286; shower-like events, N data / no-digi / digi = 12460 / 1000 / 1000
20 GeVe*, th210, beam at (26, -52) mm — data: eudaq 291; shower-like events, N data / no-digi / digi = 36293 / 1000 / 1000

At T energies, leakage
0.030 Gaussian core fit ‘Gaussian core fit - Data: y = 607, 0/u = 5.2 % . Data: yi =73.8, 0f 9% b
. 1 Data: = 278, oju = 8.3% 0.40 | £ patau=203.0m=7.3% Ve r a C u ra t e 2272 Sim (no digitisation): = 723, o/ = 5.0 % Sim (no digitisati 4.1, ol = 3.8 %
227 Sim (no digitisation): 4 = 311, o = 5.5 % 221 sim (no digitisation): 4 = 20.0, o/ = 57 % . 0.014 1 [ sim (digitised): 1 = 665, ojj = 4.7 % 0.14 { =3 sim (digitised): 4 = 74.0, oju = 4.1% . .
0,025 | T30 sim (digitisea: s = 285, o = 57 % 0,35 { T sim (iitsed: 1= 20.1, o = 5.7% -~ beam energy 74 Gev a n d C 0 nta m | n atl 0 n
i B 20 Gev _ 0012 _
s i - n/u
@ 0.020 o 0.010 o
& & 2 2 0.10
= = 0.25 E El .
S 5 o 0.008 e
2 0015 E 2 008
8 8 020 S s
g H . 2 0.006 2>
: Real shower peaks a bit “
w0010 w 0.
0.004 0.04
0.10 . .
0.005 0.002 0.02
: - : early and the beam size is .
7 . 4 4 0.000 : 0.00 L C———— - 1 1
0.000 250 30 a0 —~— ‘260 250 350 ey 310 oy’ 0.00° T To T By 5 = b . t h . t h 400 500 600 700 800 30 40 50 60 70 80 a u ra I 0 n C a u S e S I
. Number of hits " & al
igger than in the

0.30

1 Data (median 27.60) 1 Data (median 6.36)

0175 . .

o N E simulation count (to be correct d) .
. n e ecCte

o150 1 sim (digitised) (median 28.16) 3 sim (digitised) (median 5.65) 025 [ sim (digitised) (median 28.57) [ sim (digitised) (median 6.50)
08 0.8
0.125 = 3
,g E E 0.20 g
& & A S o6
= 0100 = 06 2 2 0
H < 3 015 kS
= s i ] .
£ 0075 = . c <
g g oe 3 Saturation and leakage
& & . @ 010 @ .
0.050
0.2 0.05 0.2
0.000 0.0 0.00 0.0
25 30 35 45 25 30 35 40 a5 50 55 5.5 6.0 6.5 7.0 75 8.0 85 9.0
Moliére radius (90 %) [mm] Moliére radius (90 %) [mm] Longitudinal barycentre [layer]
Slab 6 needs further look Slab 6 — further look.
Longitudinal profiles, 74 GeV e *, th210, beam at (22, -49) mm — data: eudaq 286; shower-like events, hits > 0.5 MIP
, Longitudinal profiles, 74 GeV e *, th210, beam at (22, -49) mm — data: eudaq 286; shower-like events, hits > 0.5 MIP
J.P. Marquez
v 2 W T m m m v 3 @ ® e m m ¢ 2 a2 8T w o om om ¢ weoa e T w om om - - e e
80 :— ‘Dota (iotal 593 hes. N = 12460) 12000 -6 Data (total 78103 ADC. N = 12460) 0 ;-o Data (total 4401 MIP, N = 124601 8 .A- Data (total 69 5 GeV. N = 12460) ° 2 b s X w b b ¥ £ ¥ b » = » 700 4 2 > M . » b " 8 2 A M L4 L d = »
B S o it e e - 41 iR 5 G o 5 e 1690 O S o 736624 - 1000 w0 e ]| e R e Tl e TN ’ S A I
0 PR y 600 . X 7 K B S ettt 842 e N = 1000) g 75 i (osed ot 4955 e 10000 S reseds (o 73,6 G 4 1000)
B 10000 5 o = A 00 ! 7 \
2, 10000 -
w0 - _sm 3 S
8 s § g, “ g = 3 g
5 F 3 H 2 00 g g w
E) z . g 5% % 2 g3 | otel = J e, o
e E : Ly } E E T |
] £ 530 2 J 2w 5 000 Fl 24 I
- a £ S 4 2 £ >0 H ]
g w000 & £ % 2 H S5 i
B 200 £ 8 w00 & 2
20 3 I < 200 g
2000, 20 23 ir
00 8 4
bd e 2000 100
® N
12 12 / 4o v oy 12 12 ! ‘\u\ B, \ ?
s 2 - ~Oeq 2 El i . M A
g . LI 3 g o 12 12 / i 12 12 SN
2 g T S ~mz8d B4, 210 B e s F] P F ] | [t
£ % 5 ol § £ e g0 VY I— o8] 8y, 10 A s A
0s{ @ 0s{ o” o8 o8] A E £ p-a E E - =
o @ - ” @ @ g
06 06 06 o
Depth in front of the layer [Xo] Depth in front of the layer [Xo] Depth in front of the layer [Xo] Depth in front of the layer [Xo] 00 25 50 75 100 125 150 15 200 00 25 50 75 100 125 150 175 200 00 25 S50 75 100 125 150 175 200 00 25 50 75 100 125 150 175 200
Depth in front of the layer [Xo] Depth in front of the layer [Xg] Depth in front of the layer [Xo) Depth in front of the layer [Xo]
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Preliminar uniformity analysis scan

All 55 runs, slabs 0 and 2-13, All events

— 6000
£
E 80
>
o 60 5000
g
§ 40 Chip 5 Chip 3
2 4000
£ 20 -
2
2 9 3000
& Chip 12 chip 10
% 20 |
[ 1.
F 40
Chip 13 Chip
60 1000
-80 n
-80 60 -40 -20 O 20 40 60 80
Tungsten-weighted centroid x (mm)
Tungsten-weighted energy, All events. tungsten eentroid: two Gaussians, zeros excluded
] E
£ 100 e
% - e [ ——
E 90 E Component 1 2382,
S ET L e S
a 80:— ........ Campanert 2 zgma = 3847 maan = 4770
v =
E 70
=z -
60
50F-
40
30 |
20F- il
10
oh

2000

3[](]0

40(][]
Mean tungsten-weighted event energy (MIP x W/X0)

5000

6000

Mean tungsten-weighted summed energy (MIP x W/X0)

All 55 runs, slabs 0 and 2-13, NHit = 100

Tungsten-weighted centroid y (mm)

80 60 40 -20 0 20 40 60 80
Tungsten-weighted centroid x (mm)

v

Tungeten-woighied enedgy, NHIL > 100, lungsien controsd. tw Gaussians, e axchaiad

EEEEEEEEEEE

.%50;_ : D
% . AV WY R
SawEa LA NN 0T SR —
B |

0 .

25E-

af | f

151 | | _.’“

10E i

£ |+ iR Ry i

ok i {lldL;b

3000 000 5000 G000
Mean tungsten-weighted event energy (MIP x WiX0)
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Mean tungsten-weighted summed energy (MIP x WX0)
Tungsten-weighted centroid v (mm)

Number of map bins
2 5 B B

All 55 runs, slabs 0 and 2-13, NHit < 100

A
g
Mean tungsten-waighled summed enargy (MIP x W/X0)

=60 60 40 -20 0 20 40 60 80
Tungsten-weighted centroid x (mm)

Tungsten-waighted eneegy, NHIL < 100, INGSIEN CoNITo. et GauSSans, 6005 secuded

+ ——

| S

= Comparmes § g = 5 78 wman = 224

H B

0 50 100 150 200 250 300 350 450
Mean tungsten-weighted event eneqmr {I'.IIIF x W)



Preliminar uniformity analysis scan

Maybe the track length affects the response??

Total track length at physical channel positions
Labels: channe! numbers - Qulines: chips - Shared colour scale: Tofal track length {mm)

y {mmj)

I e

Treal trck fmngth (mer)
388

2788

2183

1582

280

aTe

5 8 8

Tungsten-weighted centroid y (mm)
P "B
o (=] o o

g 8

hip P hip 0
Chip 5. Chip 3
| .

chip 12 chip 10

- | =

-80 -60 -40 -20

0 20 40 60 80
Tungsten-weighted centroid x (mm)

Middle chips 3, 5, 10, 12, 55 runs, NHit > 100

7000

- l; Chip 3 {Eid}

Chip 10 {64

5500

5000

Mean summed event energy (MIP x W/X0)

4500

s  Chip 5%{34}

6500 }— .. E .......................... T .......................... { ........... & hlp't?{ﬁd} ..........................

B 'E=449u+4néaa : =mmi44m
GDUO*E“{L? ......................... ...... L‘I ........... .......................... __ ................... ...

llllllll
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Preliminar uniformity analysis scan

Total track length correction

All 55 runs, slabs 0 and 2-13, NHit = 100

8B &5 8 B

Before

Tungsten-weighted centroid y (mm)
o

g 8 & 8

-80 60 -40 -20 0O 20 40 &0 80
Tungsten-weighted centroid x (mm)

All chips, NHit > 100, middle-chip correction

After
N 5 2 2

Tungsten-weighted centroid y (mm)
=

g 8 & 8

-80 60 -40 -20 0 20 40 60 80
Tungsten-weighted centroid x (mm)

Mean tungsten-weighted summad energy (MIP x WiX0)

Mean corracted responsa E_WHL)

Tungaten-weghted snsagy, MHR = 100, Wwnpen centioud. e Gaussirs, Baos saciuded

8

Mumber of map bins
=
n

B R E KB

i

1T -y
] 1000 2000 3000 4000 5000 GO0
Mean tungsten-weighted event energy (MIP x WiX0)

Corrected map response, NHit = 100

g

+ Canmected map means, NHE > 100

— Sum of i Gassians

Number of map bins
&

: | il | Lol
Dg + it H + }|HH} ei1,

0.2 0.4 06 0.8 1
Mean comected response E_WIf(L)
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Ey
Ecorrected = a-l-—bL

(i)~ )

Oy /Uy

Relative width = X 100

33.16% relative

width reduction

Next: do the same with
the energy scan runs

10



Preliminar uniformity analyS|s scan

7.6 GeV, combined positions, slabs 0 and 2-13, NHit > 100

7.5 GeV

20 GeV

34 GeV

& 8 8

=

Tungsten-weaighted cantraid y (mmj)
Ry B
=] =]

b
(=]

g &

Chip 2 Ehip 0

& 8 &

[=]

Tungsten-weighted centroid y (mm)
g 8

¥ & 28 &8
£ &8 &

(=]

8

Tungsten-weighted ceniroid y (mm)

'y
=1

40-60—40—21]0

40 60
Tung n-me'w!sdoenﬁ'w x{mml

20 GeV, combined positions, slabs 0.and 2-13, NHIt > 100

-80 <60 -0 20 O 40
urgshan-wmmbd mlrmd £ {lﬁﬂ!

34 GeV, combined positions, slabs 0and 2-13, NHIL = 100

g &

80 60 -40 -20 O

20 40 60 &0
Tungsten-weighted centroid x (mm)

Number of map bins

8

Number of map bins

Mumber of map bins
=

8

E 2

8

-
(=]

TT T [T T[T I T[T T[T T T I 7T

2

2

g

o 8 & 8 8

75 GaV, NHit > 100, uncormaciad FRros euchudod

i v

— s Oamars

P T

wo Camnen £ wgen s 78 mew= S804

0 100 200 300 400 500 600 700 800 900
Mean tungsten-weighted event enargy (MIP x W/X0)

20 GaV, NHit > 100, uncomrected weighted energy two Gaussians, Zeras eaciuded

e

T ot enrs

1200 1800
Mean tl.rgsten—welghted event energy (MIF' ® WIX0)

U200 400 =800 1000

4 Gel, NHt = 100, uncorocied wightod enangy: two Gaussians, 70ms excludod

MR |

P |
1000 1500

2000
Mean tungsten-weighted event energy {MIPx WIrkoD)

7.5 GeV 52 GeV

Mean summed event energy (MIP x W/X0)

20 GeV

Mean summed event energy (MIP x W/X0)

Tungsten-weighted centroid y (mm)
=

g & & 8

52 GeV, combined positions, slabs 0 and 2-13, NHit > 100

¥ 8 3 =2

-80 50 40

20 0 20 40 B0 80
Tungsten-weighted cantroid x (mm)

7.5 GeV, middle chips 3, 5, 10, 12, 5 runs, NHit=100

Pl b
i T N
g2o[ 44 Cered L ) ’ ohe 1284
tuq-mmﬁuu:’mnmei.«
600/ " i §
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34 GeV

52 GeV

Mumber of map bins

52 Ga, Nt = 100, uncomected waghied enaigy. two Gaussians, fercs exciuded
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Preliminar uniformity analysis scan

Energy (GeV) Relative width
reduction (%)

7.5 4.17

10 8.34

20 14.77

34 34.96

52 17.83

74 33.16

Considering the fits done to all the energies

Idea: plot the slope as a function of the energy

Correction slope ((MIP x W/X,)/mm)

45 f_ ____________________ $.......Fitted slopes with uncertainties . ................... /. R S
— (@) . (0, 0): specified reference; 99 GeV excluded :
40 :,_ ................................... Ty I e o —
15 - . x'ndf=236/4 i '
— i 74 GeV: combined uniformity + calibration r

Correction slope versus beam energy, excluding 99 GeV

Beam energy (GeV)
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Now? Why does it behave like that?

- o — Slow Shaping Isignal B
SKIROC chips 1 weae
TBD: Do we get cross-talk from shield thaincl o3 ' = L
3 -g_ i |
planes connected to Vp,? 3 gL k
I_ vy _ - _I b out_adc g - } b
H ‘ - o | | ]
i st 1 ot | MUX “ O~"200 200 600 800 1000
Th tot I h . th ASIC | ;":"‘ s Slow shaping channel Time [ns] :
etotalc arge n € ’ I records signals E 3__ — Fast Shaping signal 7
> — ;Snj E‘ i — Threshold ]
™ : 3 i S Ll 8
— . O ] 3
QA ZQI : Hold -g :
Mask, 'g 1i ]
might induce a linear voltage variation T —h;n;g%"}iJ e g e N s
. . . ‘Mdetector w I
AVp, in the shield planes, generating . ot Ml )
10-bit DAC .
cross-talk o to the channels length (L;) T Lt
= AQ; = a(XQ; X Lj) | Vea
. . . I P PAC
+ second order if a is sizable T L1 T L2
V
PA
V. Boudry Pad 1 Pad 2 >
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Conclusions

Very successful Beam-Test taken at CERN, June 2026
No definitive results yet, but work in progress looks good!

Uniformity scan in progress, electronic components seem to affect the
response

* Many people working on getting definitive results

To be done on the uniformity analysis:
e Check forthe cross talk effect

* |nclude an event filtering
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Thank you for listening! :D
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