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CALICE dans 1 nouvelle phase : %132
— Construction du 1¢ grand calorimétre HG (HGCAL : 6M voix) 10

YT IRRTTTT ERRTTT ERRTTTT ARRTTTT ARRTTTT ERRTIT ERRTTT ARRTTT A

— R&D en «phase finale» 107 | —
. 2 Wil oy 1]
- Construction calo = ~8 ans —» 5-7 ans de R&D L 1000 2000 3000
Bcp élements a prendre en compte 's [GeV]
— stabilité, fiabilité (MTBF) - redondance, z of T Hont anocy mcnion

—— SC for all at reclustering

— Power & Cooling
— Performances (Pic du Z = WW & “Colline du Higgs”)
« RAW (single part) Résolution E, t — (PID, Reco) - Jets, FS
Projets FCC-ee et ILC :

— besoin de fixer les parametres - TDR

— nv techno: Timing, ML, Capteurs, ... 200 ms o
PP > @@ﬂﬁ l~1ms 199 ms _ 950 us

Vincent.Boudry@in2p3.fr i [T
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Etat de I’art

4,5 prototypes, 15+ ans de R&D, (préts a étre) Testés

Si-ECAL

7 '. 3q
- ‘\ ..... w

0,5x0,5 cm?2
x15 couches +W

Résolution ~
Rm v
Intégration v/
Cout ~
Calibration vv/

LLR, IJCLab, LPNHE,
(LPSC)
IFIC, Kyushu, KEK, ...

VIEIUTH L DUUUL YT L DO

(ALICE FoCAL) Scint-ECAL SDHCAL

@ ‘”r‘ .
gii‘iﬁm‘\‘\“‘\www ] N

0,003x%0,003 cm? 0,5%x4,5 cm?2x 3%3 cm? 1x1 cm?2
x 24 layers +W x30 couches + SS x 38 couches x 48 couches+SS
(MIMOSA)
Résolution v/ Résolution v/ Résolution v/ Résolution v/
Ru vV Rm ? AV AV
Intégration ? Intégration ~ Intégration ~ Intégration (Gaz) ~
Codt ?? Colt v Colt v Colt vv/
Calibration ? Calibration ~ Calibration ~ Calibration ~
IP2I, LPC, (LAPP)

DE, NL, CERN Shinshu, IHEP (CN) DESY + DE CIEMAT, Shanghai

U VUl lau Lo ‘ /oL £\ DL | U/ 38
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Long travail d'integration et compréhension

Modele ILD : « a la Videau», AHCAL

— Structure Fibre de Carbone

\‘-v

|

/

Communauté autour du Particle Flow
— |LCSoft: PandoraPFA, Arbor (IP21, LLR), Simu —» DD4HEP, KEY4HEP
« EUDET, AIDA, AIDA-innova

Vincent.Boudry@in2p3.1r
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Inconvénients & Solutions

Heidelberg
Complexité de mise en ceuvre [SiPMs fp] SiPM sample tests —
Palaiseau data base
— Iindustrialisation asiCs—> [ Asic tests analysis
. , Wupperty .
- partiellement commencé avec ASIC test boare |

Si-ECAL, AHCAL pour HGCAL il

LED tests »{ HBU tiling
— assurance QA Moskau Uni Hamburg * excellent

Tiles fp| Reflector wrapping Cosmic tests opportunities

for young
scientists

Nouveau type de calorimeétre nterfaces Cassette assembly

—

_ nv solutions: combinaisons ? o e beam calibration |
) ) Stack .lCooIing m
e Si: PIN-Diode + LGAD,
« Scint: Orga + Crystaux

Vincent.Boudry@in2p3.1r
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Reste a faire [ =i\ EETEED

Prototypes technologique
de grandes dimensions

Sensitive _ .
__ Stainless-steel 7

structure
(absorbers)

Scalable gas
distribution

Pilotes (« modules-0 »)
- 3x1m? HCAL’s
- 1.5%0.2m? x 3-5 ECAL

Intégration du «timing centimetrique» : 1 cm = 30 ps.
— Partout ?
— Couche(s) dédiées ?
Electronique « v3 » |QOmega

Detailed view of one corner

} Besoin d’études approfondies

Welding zones

— full O-suppr, power, timing,

nv techno (AMS — TSMC) e
Electron beam welding

Vincent.Boudry@in2p3.1r
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Conclusion

Technologies matures
— mais place pour amélioration (et donc groupes)
« Timing
« Algo
« Techno
Travail d'affinement / optimisation
» fait pour ILC 250~500 GeV - 90 (Z), 360 (top)
« couts / perf.
« ex: nv techno (wafers 8")
Bcp de nv techno
— (S, Crystal, Gas, Elec, DMAPS)
— M-cooling in calo ?

Vincent.Boudry@in2p3.1r
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Bonus

Vincent.Boudry@in2p3.1r
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What is a ‘CALICE’ calorimeter ?

1) Itis not a calorimeter

— Calorimetric SYSTEM: ECAL+HCAL + (thin) High Performance Tracker (system)
2) Optimised for Particle Flow

— NOT the best calorimeter system (= Best Raw Energy measurement)

— Measurement and Identification of all particles >(esp) in jets, T, ...

* Best Boson mass measurement H-Z27Z, WW; Z, W —jj.
NMz, Mw) = o(E;)/E; ~ 30%/~NE ~ 3%
3) CALICE = R&D on detectors (prototypes)
SiD, ILD, CLICdet, CECPgascine = detector concepts implementing CALICE

Vincent.Boudry@in2p3.1r
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Detector Parameters

— Cell lateral size \ Number of cells » = Cost »
« Shower separation (EM~2xcell size) C_eII density 7= Power consumption »
» Cell time resolution (3cm/c ~ 100ps) 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 Zstr Cost ~2 (> Magnet, Iron)
Gaps » = PFlow performances -
— ECAL-HCAL distance -
— Barrel-Endcap distance »

NEED TO BE FULLY RE-EVALUATED

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

Vinphysics Regtirement studids @ 250GV seélHigys measurements and others, M. Ruan @ CEPC WS, (nov 2018) 10/383
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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

Particle Flow Approach

Full Reconstruction of single particles

— Charged mostly from tracker

— Neutrals only from calorimeters
Large Tracker

— Precision and low X, budget

— Pattern recognition
High precision on Si trackers

— Tagging of beauty and charm

Large acceptance

y/mm

HG Imaging Calorimetry

Vincent.Boudry@in2p3.1r

Particle Flow Algorithms :
« Jets= 65% charged
Tracks

+ 10% h°
E+HCAL

H. Videau and J. C. Brient, “Calorimetry optimised for jets,” (CALOR 2002)
Pandora PFA: EPJ 77 (2017) 10,698

—=— No energy correction

« TPC dp/p ~5°10°; VTX 0.,.~ 1UpUm

1000 L P |

— sl _
o - —— HCAL energy truncation |
i —— SC for all at reclustering |
s 3 N Intrinsic energy resolution |
- 4 B \ --------- Confusion term 7]
0F [ Weigth.
; sl
500 [ AR onfusion
| ~ ~ _‘1_'“‘_.-.-.-.::: ------
| L/r-=\/rjmmséw. @@ Thrememem
I rraw g(E)/ EA
1000 Lt L b o1 I - | L1 T |
500 1000 1500 2000 2500 50 100 150 200 250
x/mm E.. [GeV]

FCC-ee range

WS FCC-France, 14/05/2020 11/33
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Timing Iin calorimeters: 0.1-1ns range

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

— Cleaning of late neutrons &
back scattering.

% 140-1LD . éTu\T
time '; 120 TOFwﬂ\ TN Torio
cut 3 10 0} T\ifﬁ \T TSI,E :deﬁhfeyfm <dns
f ii \[ L added as continuous lines,
§ 8.0 : i "
g ...<50ns
NALUSY N
é 40 A >50 ns
-tg 20 .'_ y \
m, dE/dx : b I
— & oo z.".....‘a 6§ 10 y E%ﬁi Timing
[CLICCDR: 1202.5940] )
S. Dharani, U. Einhaus, J. List Ch. Graf
adapted from L. Emberger
Vincent.Boudry@in2p3.fr WS FCC-France, 14/05/2020 12/33
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Ultra-Granular Calorimeters for Higgs factories:

ILD, SiD, CLICdet, CEPC-baseline, FCC

Highly-Granular Calorimeters:
— ECAL @ R = 150-180 cm, |Z|= 200 cm, Thickness~25 cm
cell size = 0.5 -4 cm square (Si) or strip (Sc)
* 25-50 Layers
* 8-70M cells
— HCAL @ ECAL +3 cm, Thickness ~ 150 cm
* Cellsize =1-3cm, Gas (GRPC) or Sc

A Ill I ‘ PFA Calorimeter
Technol. Prototypes
(to be) tested in beam

Endcap1

Particle Flow optimised calorimetry

— Standard requirements
* Hermeticity, Resolution, Uniformity & Stability (£, (6,¢), t)
— Particle Flow requirements:

* Extremely high granularity

Silicon | ) (

* Compactness (density)
Vincent.Boudry@in2p3.fr  FCC Contacts | 12/02/2021

SIW-ECAL H Sc-ECAL ‘ ‘ AHCAL ‘ ‘ SDHCAL ‘

13/33


mailto:Vincent.Boudry@in2p3.fr

>
- ~Cassette
e

_ Front-End ASICs

HCAL Base Unit (HBU)

4 SPIROC ASICs)

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

Sector Connecting Plates (10cm)

HCAL ECAL \
Cabing Side-Module
Interface Board

mn‘;é,ﬂl.l:.dn,‘ Endcap2
s | Structural

‘Robusteness
& Precision’

- . __ Stainless-steel
> / structure
. (absorbers)

Sensitive
cassette

mposite |
{15 man thick)

Vincent.Boudry@in2p3.fr 14/33
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Electronics & DAQ

QOmega ASICs: Technical requirement on prototypes:

— A set of ASICs adapted for all CALICE large scale prototypes — Integration in cassettes 150 - 300 cm long
» Gradual improvement « 12k - 27k cells (200-500 ASICs), power pulsed
* Purely digital DAQ * sensitivity to mip signal (tracking)

— adapted to ILC conditions  uniformity, stability, linearity
« low power consumption using power-pulsing (~1%) — Reproducibility
« low noise pre-amp, dual gain 12-bits ADC, ns TDC * Typically ~20-50 layers
 self-trigger with local storage, delayed digitization and — will be ~ 10 in final design

read-out
« high integration (36-64 channels), daisy chaining config
and readout DAQ:
— Low power,
R&D: Small size interfaces
— will required update for final ILC integration: ~3* years of dev * ECAL-HCAL =3cm,

HCAL—Coil or BarreHEndcap ~ 5-6 cm

« full zero-suppression, 12C bus, new technology . _
— Single side readout

* Improvement of Timing ? Learning from CMS-HGCAL ASIC

— new scheme needed for circular colliders ( power, readout ) Pulsed Powering in 3-4T field...

— Passive cooling, local power management

Vincent.Boudry@in2p3.fr  FCC Contacts | 12/02/2021 15/33
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Validation of prototypes: common goals

Scientific goals:

— Energy & Time measurements:

< many already achieved with physical prototypes

 Linearity & Resolution to single e, © in 1-200 GeV (= input to jet simulations for PFA)

« Saturation effects
— 5D Shower profiles

— Particle Flow Algorithm (PFA) tests : shower separation, reconstruction, identification

Technical goals:

— Operation of scalable design with power-pulsing

— Low-Energy Calibration with muons (mips) position scans, [High Energy: e, 1]

« Signal-to-noise of trigger (limited memories)

« Uniformity: Efficiency, Mean response (Light Yield, Mip Peak, Multiplicity)

 Input for realistic digitization models
— Scientific goals (again): improved granularity, design, etc...

— Running as close as possible to ILC mode (200 ns BC), relaxed mode for practical reasons (typ. 4 us BC)

Vincent.Boudry@in2p3.1r

FCC Contacts | 12/02/2021

= input to simulation: prototype and Particle Flow
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Silicon-Tungsten ECAL

PCB (FeV) - , Shielding
Prototypes for the ILD/ILC 16 SK2 ASICs —

1024 channels -
— cells of ~5x%5 mm?, ASU

density = 2.6k-3k cell/dm?3

— Qmega’s Skiroc2/2a, 64 ch ASICs .
- 25 |J.W/Ch with 1% Power CycIe Carbon+W U layout of a short slab
Technological prototype i
- 256 P-I-N diodes
— “Physical prototype” (2005-11): 10k cells, p =1.5k cell/dm3 Fis; - 025cmieach

~ S/N=MPV__ /0. =10
— Stacks with 1547 layers of 1024 ch

(15360 cells in a single readout)

. mix of PCB versions (v10, 11, 12, 13),
® packaged and on-board ASIC’s
® 320, 500, 650 um Silicon w

afers
* New Integrated DAQ, /

1st prototype toward ILD-like (=3cm)

Adapter board
(SMB)

“equipped

with 4 Si- [

wafers

Noise

Vincent.Boudry@in2p3.fr  FCC Contacts | 12/02/2021 Noisy cells removed ~ 1-3 %
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Silicon-Tungsten ECAL: Developments

Improvement in design 5 I_j
CERN 2015 “naked FEV11” (320 um) - p— e
SN, ~ 16-17 re s | s

Ring X-talk / 10 wrt Phys. Proto.
CERN 2017: 7 FEV11 (320 um)

SIN,,.~20.3x1.5

ADC
8% masking, 1T operation
DESY 2018: 7 FEV11 + 1 FEV13 (650um)

SIN,oc ~ 30.3 - 40; \
S/Nppe ~ 11.6+0.7 = Cut ~ 1/3 mip @ 40 * -

TRIG

CERN 2018: 6 FEV11 + 4 FEV13 + 24 X, W

v

180 —
hits
i

Ready for physical beam test
March 2020 t =-Nev2020 + 2021

Vincent.Boudry@in2p3.fr  FCC Contacts | 124

Long Slab

— 8 ASU’s with
baby wafers (2x2cm?)

Fit with Mod LanGau function °

Flato from doubie
pixed crossing

gi

i"\— .| Mean
8™ 11 LanGauss 1 MIP] | 5,
& it | ll T
[ W
[ | A Area
Trigger Threshold L] | \ 5‘:‘;"“2‘
Emor Function I | wF2 |B
800 - Arma?
£ ,' \ LanGauss 2 MIPs | Mt poe s L N ~
Fit = modLG s erf |~ | Loty 3 !
f e b Movadd * Readout works on 8 ASUs \ /* S
O S I I AP e with HV decoupling ..\ : /" &
modL(z, o) = (1 — )+ Lz, gy} + co [ Mgy *~10 % drop due to LV x ASIC var i { e
oG = ['™ modL{t, o) = Gl — & g, rg ol e S VR I

— = Improved design (Power, Clock) started
R&D Highly Resistive Silicon Diodes:

— Ref = Hamamatsu “Guard-Ring-less” design

— 6” Towards 8” (a la CMS-HGCAL) X 725um ?

= cost, design, perf.
an. p 18/33
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Scintillator-Tungsten ECAL

Baseline SiPM

* size: Imm x 1mm
* pitch: 10um

Prototypes for the ILD/ILC & CI

EBU

Hamamatsu $12571-010P

 number of pixels: 10K

— Qmega’s Spiroc2e, 36 ch ASICs

_ 25 uW/ch with 1% Power Cycle § ;ingle SiPMEreadout bgy Chinese Group X 30 é?g&] & 15
— cells of ~5%45 mm?, p = 450 cell/dm?3 : . i
4 sommDoublg, SiPM:readout by Japanese Group
Technological prototype =3 § @ i § X 2
]

“Physical prototypes” (2005-11, 2013-15) 225 mm
— Stack with 32 layers ready HBU's + DIE’s

. aging test made (48h @ 50° Cl\ (210 ch)

« being assembled L] sl

Vincent.Boudry@in2p3.fr  FCC Contacts | 12/02/2021 3.2 mm 15%-85% Cu-W élloy

pum

I\JIUS
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ScECAL: commissioning

Sr90 Source ol R&D:

— 25ns shaping /\ 16“m — Scintillator - SiPM coupling

auto-trig

— non-uniformity > o(E) »
Landau ® Gauss

« SiPM t
i, | osition
1000~
] I it = i 2 =
Cosmics test g . . E— =
(01 ! .5 | Side-end coupling 25| Bottom-end coupling ,,| Bottom-center coupling |
{ oo~ o @ @ 1
19 £ £ 20 [, 2 20 S99 o
L - ot P | 3 0 R O e o o e
o - 5 15 E 15 15
- 3" o
Zw0F Z w0} Z w0
P P S I e o= A ok @ @
000 ] 2000 E 2000 5{ %, 53 ﬂ I =
0o O b i i 0 i L
0O 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 20-15-10 5 0 5 10 15 20

Distance from SiPM / mm Distance from SiPM / mm Distance from SiPM / mm

2mm
2mi
l E
2m

X infmy ~50 -1un1005°‘& ..................

vas-

w3 B R 8

i

¥

=
(.-
%

g
H g
par { o
]
H

w

3

E
T

P

H
put { p
EREI]
¥
.‘ &
Pl 5
m . 7mwm
.
(|

4’“"

Beam tests

— DESY beginning of 2021 ...iftravelis permitted : i N IEEEEEEEEE AN 1]
Vincent.Boudry@in2p3.fr  FCC Contacts | 12/02/2021 " o st S (4 P " oumatonseuinm” " [113
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Scintillator AHCAL

For ILC and CMS

— ILC with Qmega SPIROC2e
HL-LHC will be Qmega HGROCv3
— 3%3 cm?, density ~ 55 cells / dm3

Technological prototype = 2017
Physics prototype ~ 2006-11 (3x3 + 6x6 + 12x12 tiles)

— Uniform 3x3 cm? tiles (moulded)
read by SiPM mounted on PCB

— 38 layers of 0,7x0,7 m?, 22k cells

« + additional layers of 6xX6 cm? _ _

— 2018: Stand alone tests and with CMS HGCAL ~ ~ Gaer ('I.'emperatur.e, HV) f;m

« 4) of stainless steel (1.7 cm %X 38) ) Etat;stllgzgl rsnaituratlon for & .

- - hit — pS (Ny - Npix) m

- Combined beam test with ECALs when ready .l
- Stand-alone with full W structure — Corrected for E<350 mips.. ~

SR,

Online corrections: EN Y 756 cels
on SiPM’s: > | %>  16ASICs

= EM Lin & Resol.

Vincent.Boudry@in2p3.fr  FCC Contacts | 12/02/2021
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AHCAL analysis

New: Hit time correlation High Level Analyses:
— Time profile from muons — Shower profiles & PFA tests (=2011)
« SPIROC : double analog ramp = ADC -
_ — Shower start, PID, f__ ... (time)
« with clocks
— at 250kHz (beam test mode) : 0 ~ 2.6 ns fuln | =
~ 5 MHz (ILC mode): 6 ~ 1.6 ns ; \{::\
0150 proar: -o48 | CALICE AHCAL* S B e
£ 0125 StdDev: 2.57 NOTIE ML PROGIAN® $0.20 s':'cTSZL? f;? uiﬁt}ﬁi::g?::s d ‘°’§
EZ':::_ EO.lS ] dro N -
oo a um,m
- 1 i e
T T 0 20 40 -4  -20 0 20 40 g l ! ipyfl
B Hit time [ns] Hit time [ns] ‘; au_ k : ’J l
— Goal: 1 nsin ILC mode Y

Vincent.Boudry@in2p3.fr  FCC Contacts | 12/02/2021 s


mailto:Vincent.Boudry@in2p3.fr

AHCAL developments a2 Tl &

Tappu e
x=0 mm, y=0 mm
s T— — {3
B 1 "
. 4 o
! t

“ M eg aTi I es " R& D : R& D Pl1a1i‘|1l1itilb,tr|‘|\llcr Triggering

I o Scintillator
nggening
SiPM

— Single Scintillator tile with trenches of 3x3 cm? — Scintillators optimisation
— 2019 Beam test:

« Light Yield, Mip resp,
Optical Cross-talk

» Larger Cross-Talk than
In cosmics (mechanics)

« Measurements = Realistic Simuls @i
— SiPM/MPPC evaluations ] ‘
— ADC consumption (KLAUS Chip) E=isses

Long Layer
— 2%X6 HBU's OK in lab...

« Goals:

— 3%x6 HBU’s (ILD)
.. in a test structure (absorbers)

=

CMS HGCAL: ./ Twinax Cable
W : — 1<t PCB test ;
Defects understood best of both in next beam test (August) in beam in August -

Vincent.Boudry@in2p3.fr  FCC Contacts | 12/02/2021 jioV 1098
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SDHCAL: Semi-Digital Gaseous HCAL

.| 70 GeV pion

e [ ) | [SE

Technological prototype = 2011

Single and multi-gap thin GRPC’s
Cells of 1x1 cm?, p = 380 cells/dm?3
Qmega HARDROC2

— 48 layers of 1x1 m?, 460k cells, 6A (2 cm Stainless steel)

D . . E,...=aBl+BB2+yB3; B, =Neighbours > thr. i
Semi-Digital calorimetry: 3 thresholds ot () N+ B P Yo N B i
— Uniformity: efficiency & multiplicity £ ; AR IR S
— Threshold optimisations (typ. 1/2 mips, ~5, ~15 mips) §= =t R i\
. . § ox CALICE SDHCAL _; v . \i‘
and calibration by scans B et Tl SN
— Energy measurement: . mc 1 SPSH22015

« Linearity & Resolution to single e, m, p
« Simulation: complex digitization Particle cross RPC _ionstio el e o sk inducd signal

— Large number of overlapping effects
in avalanches / readout / time

— Now, reasonable = 40 GeV ¢,

Avalanche efficiency

g - .
. A o i !\
G4 Step x -t 1 '\\ F: 3
preselection : : - ol
Observed e 8 Angle

charges distributed to pads

I— il See CHEF'2019 for details

'...........I.......I.:
& 6 8 10 1z 14

Vincent.Boudry@in2p3.fr ~ FCC Contacts | 12/02 Nomer of it secrors 24/33
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SDHCAL developments

" speed map
§ O—1 mm/s

Large cassettes: 1X1 m2 -» 3x1 m?:

— 432 ASICs HardRoc3:
12C, full zero-suppression, | : _
dynamic range x3 (15 - 50pC) . Scalable

gas distiibution
Main goa|S: ) - _ < 36columnsof HR3——>
. — : e L. =|4JL1LI| Lasg !l oAU cards ==p{bql|=
— Sensors: Large uniform GRPC’s 10 JREES
| DR 2
~ Large & flat PCBs: 32x96 cm? waws nnis S JEEEH 2
+ glued on single GRPC chamberges L — FRHH £
« interconnections (in 3T field) " | ] ‘
— Mechanical assembly s . suintessteat e A | | | ¥
(absorbers) HR3 chips (480n each ASU
« Electron Timing
Beam
Welding Qmega PETIROC ASIC (20 ps) jitter & Multi-gap GRPC
(60 ps)

Vincent.Boudry@in2p3.fr  FCC C.. e o S e 25/33
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Take Home

New version of full technological prototypes CALICE: 15 years of R&D
getting ready for large BT campaign — have allowed some projects to get a boost
= Large knowledge base from previous « CMS HGCAL. Atlas HGTD
tot ' . .
pr.o ? yPes ,& ca-mpa|gns — Collaborative approach to realise and compare
within ILC timeline (= 5 years of R&D) various ideas & solutions

e (=7 f R&D -
and FCC-ee (=7-8 years of R&D) - Sharing of information & expertise

Wealth of information, partly explored: — BT knowledge, DAQ, Simulation & Analysis
— Digital calorimetry Tools, ...
— in-shower software compensations - Started as ILC (as in calLCe)

— no more directly experiment related

— new particle ID variables : :
Higgs factories, and beyond (FOCAL, CMS-

— Timing in Calorimeters HGCAL)
Ideal ground for new analysis techniques — New Topics: timing in calorimeters, Dual
(Multivariate Analyse, Al) Readout, ...
Many “small scale” R&D * Session @ Collab meeting for Outreach.

= Model of needed precision (Mechanics, Physics) Vibrant and open community...

Vincent.Boudry@in2p3.fr  FCC Contacts | 12/02/2021 26/33
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ToDo for FCC-ee

Detector R&D Technical choices
— Power over long slabs — Sensor types
— ASIC’s [power] — Readout scheme
Detector parameters « Continuous vs Triggered
— Geometry — Cooling
- [Optin]nal size (‘Tracker vs Confusion’) - Passive vs Active (CO2?)
cost

— Optimal granularity [power, cost]
— Optimal time accuracy [power]

Vincent.Boudry@in2p3.fr  FCC Contacts | 12/02/2021 27/33
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Extras
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SKIROC2 / 2A Analogue core

2018 | tested
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Similar to SiD Kpix

* 64 channels

* Preamp
+ 2 (auto)Gains
+ TDC (~1.4ns)

* Auto-triggered

* per cell adj.

* 15 (x2) analogue
memories

* Low consumption

* 25 uWich
with 0.5% ILC-like
duty cycle

* Power-pulsed

Not final chip

(full O-suppr.)
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Highly appreciated in flavor physics @ CEPC Z pole
TPC dEdx + ToF of 50 ps

At inclusive Z pole sample:
Conservative estimation gives efficiency/purity of 91%/94% (2-20 GeV, 50% degrading +50 ps ToF)
Could be improved to 96%/96% by better detector/DAQ performance (20% degrading + 50 ps ToF)

CEPC-DocDB-id: 172
18/11/19 CEPC WS@IHEP  htps://arxiv.org/abs/1803.05134 26
Eur. Phys. J. C (2018) 78:464
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ECAL

Separation Clustering
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See Hang Zhao's talk

18/11/19 CEPC WS@IHEP 27
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SiD SIW-ECAL (not CALICE, but ‘CALICE-like’

SiD — Si-W ECAL suder &

Design configuration: “(20+10)", i.e.
20 thin W layers (2.5 mm)
10 thick W layers (5.0 mm)

+ 30 Si layers

Metallization on detector from
KPix to cable

Heat Flow ~

6ap <1mm R oo arXiv:1306.8329 - ILC TDR 4: Detectors
= o . ncorrected Enert istribution orrected Ener istribution Using a Neural Network
Energy leakage of electromagnetic particles estimated o e A Y

Corrected

by analyzing the patterns in total energy deposition in
each layer using neural networks.

(18+6) vs (60+0) GEANT4 models, with:
» energies range: 20— 300 GeV
» incidence angles 6 =0° - 45°
» azymuthal angles ¢ = 0° - 30°

Design performance possible with 16+8 configuraton: % =~ ° & ° 7 * 000t a7 7

Difference Between 1648 Layers and &0 Layers (%}

Difference Between 10+8 Layers and 60 Layers (%}

Uncomrected

n A ~ AN
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A crack-less ECAL geometry
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