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Particle Flow Approach

Full R t ti f sinal ticl Particle Flow Algorithms :
ull Reconstruction of single particles . Jets= 65% charged + 10% ho
— Charged almost exclusively from trackers Tracks ECA +HCFA
. Eljéue?@r) removal by spatial matching only . TPC Bplp ~ 5+10%; VTX 0,_~ 10 pm
_ Neutl’a|S Only from Calorimeters H. Videau and J. C. Brient, “Calorimetry optimised for jets,” (CALOR 2002)

Large Tracker
— Precision and low X budget

1000 r———

— Pattern recognition -
High precision on Si trackers P

— Tagging of beauty and charm
Large acceptance

HG Imaging Calorimetry
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Reconstruction & Optimisation

Performances: (for a given configuration of detectors)

— Will depend on the Reconstruction SW (ex. PandoraPFA, ARBOR, APRIL, SW compensation, ML, ..)
— and 1t’s proper tuning (~ generic ? not universal)

Pandora PFA: EPJ C77 (2017) 10, 698

« JER for HET physics, T reconstruction, b physics, ...
Optimisation (best configuration):

— 5 B —— No energy correction ]
L —— HCAL energy truncation

90

—— SC for all at reclustering

-== Intrinsic energy resolution : Software
---------- Confusion term ]

{ Weigthing

— on simulation, needs:

)Mean_ (E) [%]

RMS,,(E

» proper HW description

» proper Electronics description (Digitization) 3| —

— needs the tuning o the Reconstruction SW for each f ; - «=WConfusion
2| (cluster

' misattrib,
raw o(E)/E merging)

e S SR

50 100 150 200 250

E,, [GeV]

Low E jets = where PFA brings most
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An Ultra-Granular SIW-ECAL for experiments

SiW+CFRC baseline choice for future Lepton
Endcap2 Colliders:

— Tungsten as absorber material
X,=3.5mm, R,=9 mm, A =96 mm

To be assessed

by prototypes
— Silicon as active material
|
14
Endcap1 Bar ECAL
Particle Flow optlmlsed calorimetry
Standard requirements | | <
* Hermeticity, Resolution, Albeit expensive...
Uniformity & Stability (E, (6,9), t) — Tungsten—Carbon alveolar structure
~ PFlow requirements:

* Extremely high granularity —
* Compacity (density) —
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Modularity & Transversal Constraints

Shielding
16 SK2 T —

1024 channels
/

B=2-35T Ny

Electronics
Mechanical

‘Adapter board

(SMB)

2\

- Thermal

gttt
¢ SOV Production / Integration

Structure

+ timing
Cooling

A/ | '.
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CALi(ed

Structure 4.2
(3=1.4mm of W plates)

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

Structure 1.4
(1.4mm of W plates)

Detector slab (x30)

Physical (2005-11)

— 1x1 c¢cm? on 500um 6x6 cm?
Pad glued on PCB
Floating GR

— x 30 layers (10k chan).
— External readout

— Proof of principe
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\ ‘dead space free’ 5o

Carbon Fibre-W
== | Structure

(40+24)
& ; 8
Technological (now) x4 x 2
x 45
— Embedded electronics
Pilote - Full Detector

* Power-Pulsed, Auto-Trig, delayed RO
* SIN = (MPV/Oneise) 2 ~12 (trig) — 1M =  70M channels

on 725um 12x12 cm? 8” Wafers ?

Pre-industrial building

— Compatible w/ 8+ modules-slab —

— 5x5 mm? on 320-650m 9%9 cm? —
x 26-30 layers

* 8k (slab) ~ 30k (calo) channels

We are —

Full integration (> cooling)
here

— Final ASIC
Almost ready for an ILC

6/36
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Technological Prototype

beam test at DESY & CERN

o e - 0 e ;
. L d 12c
oof- i = We have good layers ...
w ZZ 10
© o

20k §g o = Homogeneous response to MIPs
o 32 i over layer surface
2o 1’:“2 3 - Here white cells are
o 9 2 masked cells due to PCB routing
oof- 8 2o » Understood and will be corrected

1, r. ., GOSN SO N R
% 0 46 20 0 20 40 66 80

... and not so good layers

* Inhomogeneous response to MIPs
= Partially even no response at all, in particular at the wafer boundaries

FEV].O, 11, 12 FEV'COB FEV13 = To be understood, may require dedicated aging studies
= Have since last week access to the different stages of the ASICs
_ i _ i ) . H - => major debugging tool
BGA pad(agmg VCV‘I‘:‘Ig-b(O)rrTIdBe%aIr:CgAV?gIeCz - BGA pad(agmg cIn anr; case Ie:s gl;r:)od layers will be replaced in coming months
— Incremental modifications « Improved routing
— Fromv10 ->v12 ® AP RE TR « Local power storage »
_ Based on FEV11 : p g o sum energy at 10 GeV sum energy at 10 GeV
— Main “Working horses” since o - Different external g™ g 03
2014 * Extemal connectivity connectivity & —Reco &
compatible 0.25- ek =Heco
N —Sim —Sim
Pedestal widths, 1t memory cells, per asic :
- Masking
0.15}- Beam 0.15f-
[cos] | profiling |
Pedestal incoherent+coherent noise Pedestal incoherent+coherent noise Pedestal incoherent+coherent noise 0.1 u 0.1 L
<k * sk o8- 0.0sf-
35k | 35 :‘ L T T T T ol il I 0 P M 2 T o T R g [
&£ b ) ' % 0.5 1 15 2 25 3 0 0s ! e Sack enezr'gy (MIPs)a
: T E Stack energy (MIPs)
o e— Yuichi Okugawa (PhD in Feb. |
1.5 I I 1.5 | I 1.5 0 :
0 02 04 06 08 1 1.2 14 16 18 2 sciz 0.‘2 D.‘4 0.‘8 D!B : 1.‘2 |.‘4 1.‘6 \‘B Z‘SC%Z = ‘0‘2‘ * ‘0‘4‘ - b!s‘ * ‘D.ls‘ . ‘ - ‘|.‘2‘ ‘1.‘4‘ . l|!6‘I I‘B * ‘QI‘S‘C‘iZ
— (Average * Standard Deviation) of Sigmas for all 64 channels in the same chip
— Latest PCBs, with optimized routing of power distribution shows better behavior
— Slightly larger spread on COB due to a near lack of decoupling capacitors
\/iﬁCu. T Ty r= > A aay) OV 7 = T X o ECFA WS, PaﬂS | ,IO/. fﬁ Tm‘a‘imemmev ro Reeneered e o0 ee 7/86



mailto:Vincent.Boudry@in2p3.fr

Leakless Water cooling system
Thermal / Integration

Cooling OFF e
—Medium | 4,5 m

Cooling
Station

|~‘ - 2 2 5 ) o .:-- - : ,
EUDET medule (carbon:structure ' e LPSC cooling test area with a drop
equipped~th it’s heat exchan o e = | of 13 m -
Slab ”:’ md_ulle 3 P~ — — i T .|"_-. g F <

BemeiCia End Cap : (2.5m) .

T | SEEE— B
AT = 2.3°C AT = 5*C = e
Goals:

— Heat evacuation at end of slabs
— Caloduc compatible with ECAL-HCAL spacing (3 cm)
— Leakless (depression)

Modele : sur module pilote
Model 1: 1:1 scale

— simple circuit
Model 2: 3:4 scale

— heat model in C-W structure

To Do:
— Test sur on a full ECAL module
For FCC-ee:

— 1) Dimensioning for continous working, if possible,
without active cooling

— 2) if not, include a active cooling CO, (in Cu or W)
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Mechanics : A crack-less ECAL geometry

J: Réponse spectrale axe transverse (X)
Déplacement ozl

Type: Déplacement total

Unit#: mm

Temps: 0

047092017 10:3L

1725 Max




y
ECAL driver used in ILD models has been Effect of cracks [RAW= no correction at
IarQEIy re‘written (MOkka - DD4HEP) all!! . — 55|n|11ri.ng%uqm|;nwmos|h_uAHH|;|_
— more modular code: — Drop ~ 15% o1 e[
— less duplication Barrel & Endcap RE!
— more configurable... z 8 |

ECAL barrel

we
(=]

Effect of plug (missire - . . = |

barrel - -
arre I n sambiMoConvEnWiPhi BARREL smbitMoConvEnWiPhi BARREL samhitMoCony EnWiPhi_BARREL

module 10GeV theta~-57-69deg

2 ol

e st st e
T T
o
o

magic megatiles t b
4 pluglength = 2 mm plugLength = 4 mm

Y/ TP TP DU L L L T
standard “"Mare's design o
mEgat”ES MMCMUE‘\W:PEHNRR‘EE-_: - ' - '!.l\'ﬂ"ll\b'i:qul.isl‘]‘||'|‘|F'I'||_B.l’uﬂl'—!l:!T — MHHMCMUEMWIPHI_MRR:E“L
g £
14 8 £
'a's— g s L) gs—
layers : f ' f
inside e v oof v O B -"ni"-
module b | r .
" piygLength = 8 mm d plugLength = 13 mm plugLength = 19 mm

9
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Silicon Sensors

Cost driver

— ~30% of the total cost of the SiIW-ECAL

* = Units Cost reduction(CALIIMAX program)
— Decoupling of Guard Ring (Square Events).

« "Square events”

- cross talk betwsen guard
rings and plxals

7

L
j
!"I

— new design of ILD detector

Command Sensors (@ Hamamatsu)

— A\ Minimal cost of Command = 20k€ it e
- 'jwig %E'EF?
_di i i e El=tn HEEEE]
direct contact with HPK engineers . ——- —
. 10 1 TLEED
- P033|b|I|ty of deS|gn for 8” in 186mm alveola I3 0 i EEEENS
(0 10 D e y 9
320 - £| T — —
L 1 = : ‘quantum unit’ of ILD
- \\;""""" dimensions (here 6” wafer)
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Technoloy Readiness Levels (for LC design)

TRL1 TRL2 TRL3 TRL4 | TRL5 TRL6 TRL7 | TRL8 TRL9 Niveau | Définition Nom synthétique
TRLL | Principes de base observes et identfiés Principe de base
Sensor v : — , — ,
TRL2 | Concept technologique et/ou application formulés | Application formulée
ASIC v Preuve du concept analytique et preuve
TR | expérimentale de la fonction et/ou de l Preuve du concept
PCB (FEV) v caractéristioue critiue
Verification fonctionnelle en environnement de e
AsU v L laboratoire au niveau composant et/ou maquette Vldaton fonctonnel
SLAB v v v Vérifcation en environnement représentatf de fa
TRLS | fonction critique au niveau composant etfou | Modeles a échele réduite
Structure v v v maquette
Démonstration en environnement représentatif
DAQ v TRL6 | des fonctions critiques de Iélément au niveau | Validation de a conception
- 7 modele
ower ——" : "
Démonstration en environnement opérationnel de N
TRLY i . \ Qualfication d'un modgle
Cooling v v v Iape‘rformlanceldelelelrnethaL’vaea‘u'rnodlel.e - o
TRI8 | Systeme réel developpé et juge apte al'expérience | Qualification du systeme réel
Design 4 Systéme réel ayant été utilsé & identique et avec
TRL9 | sucees lors d'une expérience dans I'environnement | Opération du systeme réel
Prototypes 4 idoine.
A /_/\
e . N .
Ex : Functional protoype Ex : Functional Module-0
' in B
Vincent.Boudry@in2p3.fr in Beam Tests SIW-ECAL R&D PSrdeE%m v—k%,sll%ris | 10/10/24 12/36
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Linear - Circular Collider’s Conditions

Linear (ILC, HL-ILC...) HL-ILC: HL-CLIC:
« 250 GeV (ZH), 365 GeV (tt), 500 GeV (ZHH) + [1000 GeV], £ ~ cst. - < x4(6) - %2
. - N 2: 12 - N — 176
* Power pulsing : 5 [10-15]Hz x 1 [2] ms  Power ~ £. fbunch;s(; 5TTra1;H me ouncnes >+ Trran. 17618
— X 5 z — 2:50— 100Hz
More diverse et stringent conditions: . ot
) Dominated by ACQ time: Dominated by Set-up &
'+ 90GeV x 107 fb x 5-10% cm? s (qq * 20,000 ILC @ 250) | P(~25uWich) x 6 '/ Conversion time: P (~82uW/ch) x2
. 150 GeV (WW) + 250 GeV (ZH)+ 365 GeV (tt) s s o |
~10* fb x 5-10% cm2 s (qq x 5-10 ILC @ 250) . i il - o T
From Pulsed to Continuous operation Luminosity /IP whemis’ | 230 | 28 | B85
: Bunch spaci 6 6
« Power = cst + convertion+RO x local rates (Pcow+Pro ~ 40% Paco ) ":::si;;a;:ise = ;; ;m — ==
» ASIC, Power/Cooling, DAQ, Granularity, Precisions (E, t), New Total cross section (2) pb 40,000 | 30 10
ideas... Event rate Hz 92,000 8.4 1
Status of the CEPC, October 2022 J. Guimaraes da Costa “Pile up” parameter [u] 10 1,800 5 5
§107:r" ok ” T o I% wsi -a— FCC . B
O T - P Experimentally, Z pole most challenging \
5¢ E - L - -Upgrade
0 10° F w/103 X N; g e e * Extremely large statistics
100 (T~ S F o parade * Physics event rates up to 100 kHz
10 r gRllme e % I *#- CLIC-Upgrade * Bunch spacing at 20 ns
10°F 2 ;_,i Z 10 * "Continuous” beams, no bunch
10 r ; é i trains, no power pulsing
r I/ 3 * No pileup, no underlying event ...
10__; 3 { -~ | | 1 \_ ° -well pileup of 2x 103atZ pole_/
1% 1000 2000 3000 T Tea https://indico.cern.ch/event/1064327/contributions/4893208/
Vs [GeV] Vs [GeV] Mogens Dam @ FCC Week, 10/06/2022

vincent.Boudry@inZpa.ir SIW-ECAL R&D | 3rd ECFA'WS, Pari | 30


mailto:Vincent.Boudry@in2p3.fr
https://indico.cern.ch/event/1064327/contributions/4893208/

Going from 30 to 26 Layers: performances

25 53 0(1GeV) in % & Linearity

GOing from 30 tO 26 |ayerS Impact of the silicon thickness on the E— 5: ::SOG;ZV
20. 4 \resolution s L —+— 180 GeV
— Reduction of cost; increase of Energy resolution o e .
. 15, i T
keep 24X, (84mm) of Tungsten 22%) YT, :
Increasing the Si thickness to 725pym  **-- s £
— GR width ~ = go to 8" wafers, new designs:. - wﬁeﬁ?&'9?L°{Lf§°s"’fi#i§iness -
- ] in hundreds of microns -
Energy resolution o(E)/E: N I T
. . ] + 0 0. 2. 4. 6. 8. 10. 12. 96I.\ll‘.)lmberofLayers
fo_r 26 layers w.r.t. 30: 8.5 /Itv)earcompensation i thickness /100U
— with 725pum w.r.t 500um : %(—6.6% - ]
(-8.7% wrt to DBD 300um) X
T 1]
Study needed on dead zones (larger GR...), separation, H| H
resolution and efficiency performances at low energy. B [|== ms
— eg: JER : (E,)/E, +6% for 26 layers (500 um) to be redone... m= o ==
. ) S
Shown @ 6" ILD Optim meeting (16/07/2014) [lINK] 121250 ]
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New ASIC:

DRD6 Common readout ASICs proposal [AGH, Omega, Saclay] mega

» Develop readout ASIC family for DRD6 prototype characterization
— Inspired from CALICE SKIROC/SPIROC/HARDROC/MICROROC family
— Targeting future experiments as mentionned in ICFA document (EIC, FCC, ILC, CEPC...)
— Addressing embedded electronics and detector/electronics coexistence + joint optimization!
— Detector specific front-end but common backend
= allows common DAQ and facilitates combined testbeam

« Start from HGCROC / HKROC : Si and SiPM
— Reduce power from 15 mW/ch to few mW(/ch
— Allows better granularity or LAr operation
— Extend to LAr (cryogenic operation) and MCPs (PID)
— Remove HL-LHC-specific digital part and provide flexible auto-triggered data payload
— Several improvements foreseen in the VFE and digitization parts

» Several other ASICs R/Os also developed in DRD6 and it is good !
— FLAME/FLAXE, FATIC...
— Waveform samplers : commercial or specific (e.g. SPIDER)
— DECAL

CdLT : future chips DRDI 10 jul 23

Vincent.Boudry@in2p3.fr SIW-ECAL R&D | 3rd ECFA WS, Paris | 10/10/24

Low Power
—=1mW/ch?
— Timing ?

Low occupancy
— Self-trigger

— Less memory
* if continuous readout

Optimized dynamic
range (silicon)

Enough ?
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Fluxes in calorimeters

Full simulation — statistics per region

Processes: min.
bi as Energy histogram - SIECALBarrel M3_L0:9 arrel
= 107 . — All
e S q q (g=u,d,s,c,b) " ee-qq
1 0 ©ee- MM, TT e b P L L sy TR
1 05 * ce - ee | Dyn&inﬁc range
-T 104 (> Bhabha) g ok | Eoval |t &
L — * yy> W : [Evst] e o
o 10 Hwv v, vy f A ﬁ qqH @ 240 GeV
= * Machine " oo g
o 1 O e — baCkground o = l ‘EHUIWV{:&E%JLg;g%:m.wﬁ (A R N WO
10 (ee pairs)
1 T ~— Ecu= 160 GeV —_— =
1071 = = ee->WW x ¢ + Machine background
- il P sl T — (Ecu= 240 GeV)
O 1000 * ce o = Fluxes of hit ta, per region
/5 feeY (Eee> 3H620 . uxes of hits, data, p g
_ N . _ _
, :; - = Power with ASIC assumptions
See pres. this afternoon
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Detector Parameters: scaling rules

~ Cell lateral size \ .
. _ _ Number of cells » = Cost » (1/size?)
Shower separation (EM~2xcell size) Cell density ~ = Power consumption
* Cell time resolution (1 cm/c ~ 30 ps) Time resolution ~ = Power ~
— Time performance for showers _ _ _
» ParticlelD, easier reconstruction threshold, passive vs active cooling
L : dead-zones ~
~— Longitudinal segmentation

sampling fraction

~ Eresolution (ECAL ~15%/VE) BEING FULLY RE-EVALUATED (— ILD, CLD)
* shower separation/start for EW region with realistic ASIC hypothesis
— ECAL inner radius; Barrel Zsar J
3
— ECAL-HCAL distance Inner Radius ~ = Tracking performance ~
B . Cost ~2 (o Magnet, Iron)
Barrel-Endcap distance > Gaps ~ = PFlow performances
— Dead-zones sizes (from Mechanics, Cooling) ‘> > Active cooling
S

Review of physical implication (from TeV): see Linear collider detector requirements and CLD, F. Simon @ FCC-Now (nov 2020)
Physics Requirement studies @ 250 GeV: see Higgs measurements and others, M. Ruan @ CEPC WS, (nov 2018)
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https://indico.cern.ch/event/932973/timetable/#88-linear-collider-detector-re
https://indico.ihep.ac.cn/event/9960/session/5/contribution/184/material/slides/0.pdf

Detector optimisation for Higgs Factories

Continuous running # Pulsed runnning One size fit all ?
— Power x 100! — Have a dynamic granularity ?
Low energy (90 Ge
gy (90 GeV) >
— Lower energy — less focused jets . D
* Lower granularity needed (1-2 cm OK ?) Qﬁ . D
* Lower dynamic range | [ D

— Other criterions ? Tagging

... but not so for the rest (= ~250 GeV) .+ Hit counting for low energy

Reduce the number of layers + thicker sensors - E measurement for high energies
— See “Small ILD” model

— 6”x500pum wafers = 8” x 725 pm ( resolution
1°Vd )

— Have a semi-digital readout ?

Vincent.Boudry@in2p3.fr SIW-ECAL R&D | 3rd ECFA WS, Paris | 10/10/24 18/36
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Services: integration & cooling : CO; a la HGCAL ?

2mm
Copper cooling layer 3.5 mm ‘ w

ASIC BGA 1mm |
|
PCB 1.6 mm = ‘ !
0 0 e 0.0
pto 0 0.0 i -
\
i 123 k
| " ;
+3mm of Copper/Layer i
IR P l
T e, ‘
g LN s
ole e O e e - O C e 10 e e d O d - d -
g a egard to a pa e cooling
yc

e a a D ana e a eld example g e 00
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ECAL adaptation : flat water cooling, preliminary thermal studies

Uniform solutions:

“Standart Slab”:

* 8 ASU (1440mm), 8192 ch / 128 ASICs

* 100 W
Passive cooling: Cu of 2mm (W, C ignored)
Adiabatic, but for heat bridge at the end

AT = 500°C on Wafer surface at t = «

© Oscar Ferreira @ LLR
Ansys

2024R1

Static Temperature

Connections ?

“Standart Slab”:
* 8 ASU (1440mm), 8192 ch / 128 ASICs
* 128 W (TW/ASIC ~16 mW /ch)

Active cooling:
* Hollowed Cu of 4mm, with 1 £ /min of water @ 15°C

Adiabatic, but for heat bridge at the end
AT = 12°C on Wafer surface at t = «

Vincent.Boudry@in2p3.fr SiW-ECAL R&D | 3rd ECFA WS, Paris | 10/10/24 20/36
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New FE boards

Enable Pedestal /Charge Measurements: [ Cn/Off teasurements Type Select for Plot or Histo. [Lert [¥] [staBo@o |+ [asuo ~]

oy Selectfor =

Plot:  [ALLASIG ] [ Al channeis ~] [ Atiscas ] [ Fign Gain

Mean RMS
000 0000

Improvements:

— Power distributions
* Local power regulation: LDO’s
* Local High Voltage filtering & Supply |
— Signal distribution (buffering), data paths
— Monitoring (single ID, temp, probe analogue line)
— ASIC shielding/routing

lllllllll

0 100 200 30 400 500 600 700 800 900

s Scate] Manual [ Ao Vmin & 000 Vmax 10000 XAxisScale Manual [l Ao Xmin & max &

W T e
a u S n Enable Pedestal/Charge W On/Of e or Histo [Left [] [staBo@o [v] [asuo v]
Mk OfEnties s ScA) 3100 reset (ot g it e Sooettor ot [Auinsics [ [ cramnes T] [ mscs ] [wonGan -]
Histogram and RMS Plots avaible for PiotType e - ma
. 2 O . . v v SO ] = RN
pre-version . tested, minor corrections needed

* Noise uniformity dramatically improved (ex: outliers in thr. / 20 1)
— version 2.1 produced, ... in metrology

* before cabling, 2" metrology, gluing, ...
* All material available : ASICs being tested T ionte |

ASIC/packaging
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1 cmlc =30 ps

Timing in Calorimeters: 0.1-1 ns range

Cleaning of Events Particle ID by Time-of-Flight Ease Particle Flow:
— Complementary to dE/dx — ldentify primers in showers
- here with 100 ps on — Help against confusion

10 ECAL hits better separation of showers

— Cleaning of late neutrons &
back scattering.

E 160p LD~ ]
— | ! S : . .
" m;_ﬁg_‘_T.QE}??_! oo Ll — Requires 4D clustering

| @ bl o st .

time ) 1000 ;R poivromist s were——

cut . ;i ) . added as continuous lines.
C 80 iy ’ <5ns
o .
5_ E.Q_._.dg._i._ 1 _5 _
c T T "y ...<90 ns
.9 20 ™ | = B é“ 50
o '._ dE /g gume"" ; :EE*“‘ .
Q. o0 2 6510 20 k‘:EEEEEE

momentum / (GeV/c) AN
\‘“":Epi i
FFFF“ Timing
[CLIC CDR: 1202.5940]
adapted from L. Emberger ‘
S. Dharani, U. Einhaus, J. List , -Ch. Graf
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Calorimeter Timing Studies

2015 CMS HGCAL CERN timing test beam

— Time resolution vs S/N ratio

Sijpas V8 Sipaan & 50 GeV d X,
W B, &
= 3 M: £ _ac
L] V2 12ex
-
'“j. —%—— 51133 ym: A=1.00:0.01,C=0.009:0.001
n s=vees B 133 pm: toy pulse simulation
= ——%—— 51211 ym: A=1.06:0.02,C=0.008+0.001
(=] Si 211 pm: toy pulse simulation
- Si P85 pm: A=1.180002,C=0.010: 00001
e Bl EBE pm: toy pulse simulation
107}

o, ~700ps/ (SIN)

S 20ps _______
102} o,~ 20psfor ~5 (300um) —> 20 (120um) MIPs o
|(For aMIPafter 3000f Bexpect SN >7(300um) 3(200um) 1.5 (120um)) 3

1 10 10°
S"rNaII

e A R El. 1/1

C \15 ] FM'%’ p riment & rl-t CERN
Data rded: Thu Jan 101:00:00 1970 CEST
~ | Lumi section: 1

brem

electron
Transparent cells =>no timing
Solid cells = > timing information ~50ps
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Funding for

2 programs

in FR & DE :
T-Calo & Calo5D
— full chain of
Sim. — Phys. Perf.

Work just started

TDC count

10GeVp, =t

: §

5
g8 8

Biiitl

5 © 5 10 15 20 5
time difference[ns]

SKIROC2A TDC mean

10 count / ns
1.4 ns resolution '

28 30

sl

Option 1) Bulk Timing

|
40

1ps=300um
1 mm cells

Option 2) Dedicated layers with fast sensors

(LGADs, MAPs, ...
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- Homogenous prototype

Goal: Main issue: failing contacts PCB-Sensor
— 15 Iéyers of FEV2.1 with 500um waf.ers — Conductive glue dots of @2—3mm
« Uniform and more perfornant electronics « Strength ~ 1/5th of classical epoxy

e Could be used for LUXE@XFEL and B

Dark Photons exp’s. (EBES @ KEK, ’ .
Lohengrin @ ELSA, ...) glue formula, small series, ...

— All material available

MiIPSummary2_layer11 - o 8
File Edit View Options Tools

mpv_layerti_xy entries | \\grst case

4 1 m |
L B0 -60 -40 -20 O FIE ] &0 Bl
LY
| A B W L W R 5
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Hybridization studies :

How to assemble silicon sensors & PCB ?

Revisiting gluing (IFIC, 13Clab, DMLAB) Flatness of PCB
B PCB metrOIOgy IJCIab (méca) ISOMETRIC VIEW IFIC (OptlcaI?S)METRIC VIEW
. Bef. & After e A1
curing & £y i
soldering ne i

19.35

— Glue formula &
preparation

— Gluing methods Conductive glue + filling Same PCB before / after 10-day dry storage
~(~invisible) on a glass plate

150 150
0 100 0 100

50 50 50 507 4

100 e 100 e

Eex 150 0 & Hej | 150 ) &

° Robot | 19.45 19.50 19.55 19.60 19.37519.40019.42519.45019.47519.50019.52519.550
e =
. Stencil 5 Measurements by C. Orero, [FIC
— Reenforcement Puncturated
. 1 e adhesive
 Filling glue FErreeerreeeon,  film and
« Adhesive films T Tesaendd condutive glue
dots
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Conclusions

SiW-ECAL technological prototypes SIW-ECAL design for HET factories
— 2022: Heterogeneous 15 layers — 2023-25: Power budget & performances
* 1 full calorimeter working [DESY22, CERN22] to be re visited
— Shower seen, Detailled simulation ready « Occupancy, power, data fluxes (on-going)
— Analysis on-going — resolutions, ... — Granularity; Passive or Active cooling
* Numerous emerging issues — new ASIC attributes
~ Qluing, HV filtering at high energy + 2025-27: PFA & Timing & Physics performances
— 2024 2025-26: Uniform 15 layers
* — New VFE boards —
— Cleaner PS & Clock distributions; more uniform 2025-27 : Blue-print for a SIW-ECAL detector
* Gluing being revisited for the next ee collider
* Material ava”_able' = planning for a pilote module @ Ty collider-8y -5y
* To be tested in 2025 (1 Mch, 1/60™" of real detector)
— Provide reference sample for GEANT4 semi-industrial, quality, ASICs, ...

— With funding — “full” LUXE
Plenty of instrumental work & beam data analysis
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Planning towards a pilot module... just in case

To-8 : production start

T.-16 To-15 | Te-14 T.-13 Te-12 | Te-11 T,-10
0Q2/Q3|Q4/Q1|Q2|Q3 Q4|Q1 Q2|Q3|Q4|Q1)Q2|Q3|Q4|Q1|Q2|Q3 Q4|Q1 Q2|Q3(Q4|Q1|Q2|Q3

To

SiW-ECAL Q21Q3/Q4Q1/Q2/Q3|Q4/Q1Q2|Q3| Q4

FCCee 2045-48 ?
s mny | (s L ( e Bl I\ prod a CEPC 20357
ASIC Production (16,000) I

N staging ILC 2040 ?
2 1000
ASIC Testing (Robat) . 50
PCE
PCB Design
PCB Production (30?7+1,000) 10 10 300
PCB Testing (indus) [ ] (|
=

2.2 Pilote Module (1IMCh) for HF
Slabs

ASICs
2.2a DRDEROC ASIC Design

Sensors (100+4,000)
Sensor testing
ASU Building =

Design Cradle (U/H)

Réinstallation AutoClave

Cradles Proto & Production (U/H) 10 | EU

Slab Assembly - I I I

220 | DAQ

Adaptation to DRD6ROCS (]

Extension for 5x2x15 labs

DAQ proto & production 20
12.2c Cooling & Absorbers

L]
60
Cooling Assembly ] . -
12.2d Structure
i

Design structure

Test de la struct existante & Simu
Instru Structure

Mesure Bragg Equipment

Material (Fibre+ W + Moulds) 60
Production Moulds & Alveolii
Assemblage

Caracterisation 30

B2 va::;:::m 30 30 | kU 30 i‘u 60 m-
Analysis 1 F ; JJ
| | | |
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Bonuses
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Detector Parameters

— Cell lateral size \
_ _ Number of cells » = Cost ~
* Shower separation (EM~2xcell size) Cell density » = Power consumption
« Cell time resolution (1cm/c ~ 30 ps) Time resolution ~ = Power -
— Time performance for showers thr. passive vs active cooling
* ParticlelD, easier reconstruction > dead-zones ~
— Longitudinal segmentation

« sampling fraction
— E resolution (ECAL ~15%/VE)

» shower separation/start _ .
_ _ Inner Radius » = Tracking performance ~
— ECAL inner radius; Barrel Zstart Cost 2 (> Magnet, Iron)

— ECAL—-HCAL distance Gaps » = PFlow performances

— Barrel-Endcap distance

J \—

— Dead-zones sizes (from Mechanics, Cooling)/ NEED TO BE FULLY RE-EVALUATED

Review of physical implication (from TeV): see Linear collider detector requirements and CLD, F. Simon @ FCC-Now (nov 2020)

VindBhysies Requirement studies @ 250 GeV: see Higgs measygrpenis angdioiheis| MoRNa@ B C WS, (my 2018) 29/36
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https://indico.cern.ch/event/932973/timetable/#88-linear-collider-detector-re
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MEGA

Microelectronics

—— mm Em Em Em o=

12 bit-TDC Ramp

ADC_test Pp—

12 bit-ADC Ramp

R .. .

1or 10M

Cful/v

400f ,800f, 1.6p, 3.2pF
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\
.
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-
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/

e10l RIGEER

In ADC test ?
(slow control)

~

5p,10p, 15p or 20pF
A

vref_fs

Vth_trigger
4-bit DAC
adjustment

100ns to 300ns

HOLj
8 bit-Delay Box:

JL

out_trigger

out_adc
}—p
out_tdc
AJ Time,
% ssh_Gl,
out_ssh_G1 ssh_G10
conversion
out_ssh_G10
]
éﬁecﬁon
Vth_gs
TDC on ?
(slow control)
Auto Gain ?
Forced Gain ?
(slow control)

10-bit DAC

10-bit DAC

FLAG TDC
(from Digital ASIC)

* 64 channels
* Auto-triggered

* per cell adj.
* 1 cell triggers all
* Preamp
+ 2 Gains + Auto-select
+ TDC (~1.4ns)
* 15 (x2) analogue
memories
* Dyn range 0.1 ~ 2500 mips
* mipin 320 um (4 fC)
* 12 bits ADC’s

» 616 config bits

* Low consumption

* 25 uWich
with 0.5% ILC-like
duty cycle

 Power-Pulsed



Implication of HL schemes

Higher Z = HL-ILC: HL-CLIC:

— 7 x4 (6) -7 x2
_ N « 2 T 1= 2ms - N — T 176 ns

bunches Train : bunches Train :

« More memory for events _ frep x2 (38): 5 = 15 Hz — frep x2:50 — 100 Hz

— Butlarge margins Dominated by ACQ time:  Dominated by Set-up &
_ N Conversion time: P
Higher repetition rates x longer lpyngh,wich) x 6 (~82uWich) %2

— Occupation / bunch train ~

— POWGI‘ - frep X Z PASIC_part X Tspill_part Power pulsing lines timing ‘ ?mega
J Aca | ccccc | IDLE ,ml—
« Ty =T + T+ T
spill Ramp-up Train ’ Conv [ ewnonawmaa | 290mwW
= O(ps)+ {...} +0(1OOS US)
J PWR_ON_DAC (DAQ) | SK2 Chips
Train ATbunches X Nbunches e |
_ T, = (occupancy + Noise > thr.) PomonAee eac | S0mW 64 ch full conversion

PWR_ON_D_Internal (POD)

CONVERSION: 26mwW —

HARDROC2: NO conversion
SPIROC2: max time (Full chip)= 16 SCAx 2 (HG or LG/Time) x103 ps=3.2ms

\ Y J/ SKIROC2: max time (Full chip)=15 SCA x2 (HG or LG/Time) x103 ps
= Full ZERQ SURRIREER/L A uaget READOUT:
1 o udge HARDROC2: 127 (memory depth)x [ 64 channelsx 2 trigger bits + 24 BCID bits + 8 Header bits]=20 320 bits => 200 nsx20k=4 ms/ Full Chip (WORST case)

SPIROC2: 16 SCAx2 (HG or LG/Time) x 36 ch x 16 ADC bits + 16 SCAx16 BCID bits + 16 Header bits= 18 704 bits f.ﬁ.mleu.ll.Eh.lu.Mm&l.ns&Ll
SKIROC2: 15 SCAx2 (HG or LG/Time) x 64 ch x 16 ADC bits + 15 SCAx16 BCID bits + 16 Header bits= 30 976 bits s> 6 ms/Full Fhip (Worst case)
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ILD Rationale & Adaptation

ILD high granularity calorimeters
— Designed for ILC

* Power pulsing, low occupancy
— Marginaly adapted for CLIC and CLD

* Physics : number of layers 2 40 (ECAL)
— Partially adapted for CEPC

Endcap2

ok rel
« Lower granularity (2x2 cm? ECAL) Ehdcapi go" ECAL

— Needs strong adaptation for EW physics

and continuous Operation ECAL: 30 layers HCAL.: 48 layers
_ — SIW-ECAL”: 0.5x0.5 cm? Si — AHCAL: 3x3 cm? scint. cells
* Rates, Heat, Electronics cells _ SeECAL: 1x1 cm? RPC cells
— ScECAL: 0.5x5 cm? Scint strips 10—=70M channels
10-100M channels
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Building tools and procedure

Documented for ILD

— incuding space and manpower estimations

Handling and positioning tool

integration & tests
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Cost Structure of ILD

180.00% = wr .
F] - 2 | AHCAL (Lol) AHCAL (recent) ol
-#-outer Si —_ < -G A5GeVjets o 45GeV jets ]
160.00% Tracking L L -{=-- 100 GeV jets <k~ 100 GeV jets 4
Transport —-TPC 2 4.5 s~ 180 GeV jets = 180 GeV jets —]
T e — == 260 GeaV jets vl 260 Gea\ jets —
140.00% [+] Il _
Global DAQ —=Ecal g E& i- i
+2120.00% -~  #e ]
integ g ~=Hcal me i
~100.00% Yok "‘é B =
-w-Yoke [74] L 4
Beam tube |0.1% E 35 -
80.00% . = = "
lo 1.3% o i b
Forw.Ca 3% L sDHCAL -
60.00% ——Muons alr e 45 GeV jets o=t it
[~ -= 100 GeV jots ]
vVTX 0.8% 40.00% T - 1BD GeV jets 3
. 1.5 1.6 1.8 Noemi 2.2 - meEROIINY jetn .
inner Tra':klng 5% Outer R of the tracker (m) 2.5 S S S S S S )
Y Sl SN S LR N
Magnet Anc. Rinner
ecaL [MmM]
Muons
Coil
Yoke
AhcCal
Ecal <« Full Silicon
TPC option
outer
0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0%
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ILD & SiW-ECAL barrel Large Scale Building :

CALICE ECALs

ILD ECAL

186.5

Prototyped*

~10,000 SLAB'’s ~0.1
100,000 ASU'’s ~20
400,000 Wafers ~350

1,600,000 ASIC's ~1000

100,000,000 channels  ~20000

*Incl.

‘Base unit’

®

wilil W

PCB (FeV)
16 SKZ2 ASICs

1024 channels Adapter boarc
<2 (SMB)
SiW-ECAL ScW-ECAL
0,5%x0,5 cm? 0,5%4,5 cm?
U Cradle U layout of a short slab x15 couches +W x 30 layers + SS
(Carbon Fi +W)
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Geometries &

i
77 __ Front-End ASICs

Services e

2~ HCAL Base Unit (HBU)
~——— (144 channels +
4 SPIROC ASICs)

 — absorber structure
(half-sector)
—~__ DAQinterface boards
~ DIF, CALIB, POWER
on Central Interface Board

HCAL ECAL

Cabling  gige-Module
Interface Board

Sector Connecting Plates (10cm)

Endcap2
Structural

‘Robusteness
& Precision’

— 4? __ Stainless-steel
structure
- & (absorbers)

(SiD = 12 fold)

Endcap1

Sensitive
cassette
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