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. = =D g Eeconiony Tracs

Higgs decay branching ratio BR(H—bb, cc, gg) \

PV: Primary Vertex
SV: Secondary Vertex

e Higgs self coupling ZHH—qqgbbbb
e Top Yukawa coupling ttH—=>bWbWbb

o _REAERERDIITEWI A—V DIy bDOT7 L—N\—(lER)ZFRE

eu, d, s-quark jet, gluon jet: single vertex

eb-quark jet: three vertices
ns,
e C-quark jet: two vertices = :%
b === Rl | = SEIl == LY N = 0'8 -—
oSREBAHIRFNENDE :
0.6
10 i
O<5D —5— [um] i
/ \ P ILD 00 (5 Layer VTX)
B O'...l...l...l...l...'
(L&) R RE 7 —0O Y% EREL 0 0.2 0.4 0.6 0.8 1
Efficiency
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AR IR R Hh 85 & ARENMR L 85

D. Dannheim, BTTB11, Apr. 17, 2023

Collider ILC CLIC FCC-ee CEPC
Detector SiD ILD CLICdet CLD FCC-ee Noble CEPC CEPC
Concept IDEA LAr/LKr baseline IDEA
B-field [T] 5 4 4 2 2 2 3 2
Vertex inner 14 14 31 17 17 17 16 16
radius [mm] -2 12 -2 12 -2 12
Tracker out. 1.25 1.8 1.5 2.2 2.0 2.0 1.81 2.05
radius [m]
Vertex Si-pixel  Si-pixel  Si-pixel Si-pixel  Si-pixel Si-pixel Si-pixel Si-pixel
Tracker Si-strips TPC/ Si-pixel  Si-pixel DC/ DC/Si-strips  TPC/Si-strips DC/
Si-strips Si-strips  or Si-pixel or Si-strips Si-strips
arXiv:1306.6329 arXiv:1812.07337 arXiv:1911.12230 doi.org/10.1140/epjst/e2019-900045-4 arXiv:1811.10545

ofHlESRER VYAV —

oRIMRHES | HABHEE(TPC/DC), ) ayveosE)L/v)aAVAKNY WS
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A0Y X—4% : Particle Flow Approach (PFA)
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eParticle Flow Approach (PFA)
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- v NIXRILF—DHREDKIENE
e AWIRIF—HETI-4%DI Ty bIRILF—5EREZER
o(E) 30 %
E V E[GeV]
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Conventional calorimetry

Y e )
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I U £
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GRPC

Readout ASIC (1.6mm)

eSilicon sensor for ECAL

e Cell size 5x5mm?2 (even smaller for MAPS option)

eScintillator + SiPM for ECAL/HCAL
e Cell size 5x5mm2 (ECAL), 30x30mm2 (HCAL)

Cathode glass (1.1mm)
+ resistive coating

Anode glass (0.7mm)

1 rasiebivusa Aasabinms

eGaseous detector (GRPC, MPGDs) for HCAL ASIC (SKIROC chip)

e Cell size 10x10mm2

Mylar (175u)

Ceramic ball spacer (1.2mm)

Glass fiber frame (1.2mm)

eFront-end ASIC
o HAAHABGFAH LI L F

e ASICF v 7% by Omega group

R T %

e SKIROC(Si), SPIROC(SiPM), HARDROC(GRPC)
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70" X—4%4 : Dual-Readout

-NANROYAOYX—5DEH LS £ - f< e w b
\ < e e ) . g = -
ROV Y v 7 —=BERSE) + /\ ROVES0) B S S I —
== 2z ——— TRE Séintillat}ng fiber: Qs 10 Cerenlfc;.\‘i (c}:ear) fiber:
¢ %m’ﬁﬁwtb+b‘$§1ﬂ ‘Lkg < A2 X/ red light, random Cl €T plue light, directional
SEEONOUX—F GBS &\ ROVESNCTT BRENER S (e/h # 1)  CEwSE
. s ] Fop= 1 EM
>I\RAYHAYA—5 DR EEZXRE < IR CEGeVy,et g particles
o8 L * E GeV protons
- Dual readout | R prans
\ < 0.6 Hadronic
R De/hZEHFOFLYA7REB O VYFL—ravigRcRKIC/\ROY Y v 7 Q| ; particles
M s
— %I, ZDESOLED S BHRA OHELEREICHE oaf ;
o NI FEAIC B XD AREMH oal 5
: . 1(hle),
0.0 hl. ) SR S SR 1 . l
0.0 02 04 0.6 0.8 1.0
< (hle)g—— S/E
Y. Kim, EIC Calorimeter Workshop 2021
B - h . (ﬁ) ('—‘) : Conversion efficiency of Non-EM
S=E- [fem T (Z)S (1 o fem)] signsals t_oC EM signals (independent with energy
—_ and particle type).
C E: Initial particle energy.
- o fem: Energy ratio of EM component to E.
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A0OY X—% . Dual-Readout ()

DREAM SRl —<3/CERN RD521 5K L —3 3 > TH¥F (DRD6ICTETT

o IRIAR(Cu or PO)ICIE DALY Y FL—23 2 T 7AIN—+ 04—V T 74 )\—

2003
DREAM  Cu: 19 towers, 2 PMT each Eneray (GeV)
2m long, 16.2 cm wide = 3020 100 oo 20 100 o0
Sampling fraction: 2% F ., = (S)cinttil]ator 17 -
- - - uartz : L A .
2.5 mm— - - = - .. | Q/Scorrected|{ | A single
g ——4mm-—- == Texas Tech Uni ' ) S ™ 1 1 . _
S 20} 43%"+7% . 88% 4 109% { 10F e -
2012 g2 [ X « VE 1 | ‘
RDED Cu, 2 modules = | e, -,
Each module: 9.2 x 9.2 x 250 cm? % - - e Wb,
Fibers: 1024 S + 1024 C, 8 PMT 23 !
Sampling fraction: ~4.6% & 10F 1 9 9 -
9 Depth: ~10 A, S I 3
2012 O:(a) 1 1 1 ] : O-(b) ! | | |
RD52 Pb, 9 modules 020 0.15 0.10 0.05 20 0.15 0.10 005 O

0 0.
-— 1/\VE
NIM A 537 (2005) 537

Each module: 9.2 X 9.2 x 250 cm’
Fibers: 1024 S + 1024 C, 8 PMT
Sampling fraction: ~5.3%

N Depth: ~10 A,

e

INFN Pavia /

R. Ferrari, EIC Calorimeter Workshop 2021
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Better performance at high energy, PID Better performance at low energy
/-
1T D el 7

PFAZ O U AX—% N
CEGeVyet

ogl * EGeV protons

»Dual readout HA Y % —% Rty AR 55511 5 1 5 —RER D= D
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el . — 0o ':; NP, FCINTIIES Jr Ayt e i s \ photon | = charged hld]ron
- K - /K - KEK - Fermilab - NIUDZE[RE ", 0w

Y. Kim, EIC Calorimeter Workshop 2021
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FFLUWAHOI A=Y iiOREFE : Fx L7 &R

Dk A Cherenkov detector (gasPM)
o F T LY ATMEME + GasPM (7 o b 71V — R +RPCIEIESE) Charged particle

« DLC-RPCIZHA K & H A

i

Cherenkov light
Cherenkov radiator

- BLE

BN BRI SR BIE 0(10 ps))

UV-photocathode

Anode electrode

i m—
e — RN DMERNRF =~ L AT +HV Readout pad
WNEL L G

EREAHLEIT AV ML

O TE—LTREBE@KEKT A NE—LT A Y 202455‘12)5JT . Time resolution 100 Efficiency
= Hit Rate 5
« 7 x LY ATMEHE 1 MgF2 (10mm/E) S oo O -7kl g oo A A A
5 LLI
X = 0] (0] Q A ~180Hz g - '®)
e 74 RAY— K : DLC (3nm) ° 523 o o
. . N g 0.04 A A A 0.074 O @ O O
e 7/ —RKEMR : 0O.5mmEY —45 17X = - O
0:021 0.96 - O
e+ v/ 1 190um L | | | | |
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= R 99%, FFE 5 BFEE 37ps g mixtare R134m  SF O 20 020 e
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Longitudinal view
Timing > Timing layer

https.//agenda.linearcollider.org/event/8217/contributions/44430
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« BiEn#ERE O(10 ps) Effect o;OTOOF (rTes. 100ps) on particle ID performance
I T IO
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no time cut 3 K /p, TOF100
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1]

Cherenkov detector (gasPM)

° t \/ -lj- T TEZ?’-I:\T @ Eﬁ% MRPC (CALICE SDHCAL) Charged particle
® \\/ IJ : \/ t \/ —lj-_ A = ”‘ E i (:'.\Z:mgia“ (0.28 mm) Cherenkov Ilght
—iag : Cherenkov radiator

Aghing ling r_c-‘22n'm) [nnar glass (0.28 mm)

UV-photocathode

o | GAD, monolithic CMOS
o VF L —45— +SiPM
e F T LTt Zs
e MRPC

Resstive D

Mylar (0.17mm) Anode electrode

- HoneyC oMb +HV Readout pad

LGAD Monolithic prototypes with SiGe BiCMOS

2022

Cathode
Ring

2016 2017
0.0" |
DOpbﬁOl'l l : : u:wvm *x::.;.u..;:; =
Region (et ziomn)) | Dot 1014500 watid | b _
N 200ps 110ps 50ps 36 ps 21 ps
« 1 and 0.5 mm? pixels « 30 pixels 500x500pm? < * Hexagonal pixels 65um side * Hexagonal pixels 65um side
- ‘ " i " * Hexagonal pixels 65pm . 3055 TDC +1/0 logic « improved electronics
G _ Discriminator output  + 100ps TDCHO logle. 4 130m side s Anblpahennsls” + 50um epitaxial layer (3500cm)
* Diceriminatar nntnuit
+ Anode
w Rin . .
’ A. Schwartzman, ILC Physics and Detector Meeting, Dec.20, 2023
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o /4 Y& (quantum dot, nanoplatelet, ...) ZFBBWeFHT LW Y F L — £
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24 I I S

E. Auffray, ECFA Detector R&D Roadmap Symposium 12/4/2021 =\ = 5

S — — Lo

P3p (E) Psp (E) Pip (E) Pop (E) s

bulk quantum well quantum wire gquantum dot %

Figure 1. Schematic illustration of broken symmetry and functional form of the density of states in 1D, 2D and 3D confined

materials.
from Benoit Dubertret and Hideki Ooba Simultaneous excitation at 365 nm
i 3 3 | | | CdS -
e/CdS Giant shell Quantum dot
CdSe nanoplatelet
Y X X b -
! i l ks S -
Size-dependent emission
“a\'ewngm(M)
otz . W -
; FEIR
! : A 8
2 Z Z V.S "‘Hla
g : 2 Cenasty
>
g 400 450 500 550 600 400 500 600 700 800
I wes. 3 Wavelength (nm)

1.Q. Grim et al., Nature Nanotechnol. 9 (2014) 891. Christodoulou et al., J. Mater. Chem. 2014, 2, 343!

< | LSO: 40
2.3 — 5.5 | (a) 16t ns (b) . — _— S—
Size (nanometers) — T QD: 2635 & 3.3 N2 o fﬂ\ fi
400 40 00 SO 600 65 700 el go.s/ \ 1
Wavelength, (nm) g 4 E o '
=> Tune the emission properties by changing size of nanodots : é fog /
p p y g g omf ~ Npls: 24ps&290bs. 00& . s
0 05 1 1.5 2 350 400 450 500 550 600 650 70D
Timea (ns) Wiavalangth (nm)
R. Martinez Turtos et al., 2016 JINST_11 (10) P10015 => MUCh Faster than LYSO Cr‘ySta| measured @cern Lab27
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s+ VFL—5%ZA\zdual-readouthAAJ X—% (1)

Courtesy of J. Freeman (Fermilab)
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200 - Ill' grating WSRO
ESR | \ artifact \ ' R St
Composite Plastic Scintillator Tile | _ [\ / ‘ _
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