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Introduction: a reminder of the possible
tracking concepts and technologies

Tracking vertexing requirements
Technologies

Novembre 2023 FCC France, A.Besson, Université de Strasbourg 1



Tracking/vertexing detectors in future e*e" colliders

Bunch separation (ns) 330/550 20/990/3000 25/680
Power Pulsing yes yes no no
beamstrahlung high high low low
Detector concept SiD ILD CLICdet CLD IDEA Lar Baseline IDEA
B Field (T) 5 3.5 4 2 2 2 3 2
Vertex Si-Pixel Si-Pixel Si-Pixel Si-Pixel Si-Pixel Si-Pixel Si-Pixel Si-Pixel
Vertex Rmin (mm) 16 16 31 12 12 12 16 16
Tracker Si-strips TPC Si-Pixel Si-Pixel DC/Si- DC/Si- TPC or Strips DC/Si-
(+RICH ?) strips strips or Si- strips
Pixels
Tracker Rmax 1.25 1.8 1.5 2.2 2.0 2.0 1.8 2.1
(m)
Disks layers 4+4 2+5 6+7 3+7 3 2+6
(150 mrad)

CLICdet

(From D. Dannheim)

]
CEPC baseline

Large similarities between the concepts
but also significant differences

Noble LAr/LC
.Noble LAr/LCr EST

té de Strasbourg 2



ILD & CLD concepts (Poeschl)

CLD

Yoke

6m

® Inspired from CLICdet
=« Full Silicon »

= Possibly + RICH

Calo. inside coil

Detector concept & tracking
!DEA concept (Giacomelli) ALLEGRO concept (Aleksa )

TE‘_, Yoke/u chambers N bl L T Yokelen
oble Lar ]
i | IDEA |, ILD for circular
O% - % I- HCAL
I l %04? % ECAL
i Solenoid 3 g_
Ipcu [ e
— % BeamCal Lur:;iCaI Frosm
. "V'I".X 3 Iayérs
= VTX: 3 double layers
= Calo. outside coil = (Calo. inside coil
= Drift Chamber = TPC?

IDEA drift chamber (Filippis) FCC & TPC (D. Jeans)

=  Siwrapper

Wireless (Rarbi ) =

Y

VTX = Silicon pixels (CMOS-MAPS)
Added dedicated timing layer ?
Shared concerns: MDI, beam background, integration, cooling, etc.

Cooling (Winter)

Defining the figure of merits lﬁ

Physics program priorities
Vs

v

Vertexing
Tagging capabilities (b,c, T, s)
Impact parameter resolution
Standalone tracking capabilities
Low pT tracking
Vertex charge determination
Hit/track separation
Displaced vertex (LLP, etc.)

Novembre 2( Acceptance

65nm CMOS (Besson)

Tracking

MPGD (Jeanneau)

Tracking efficiency/fake tracks
Momentum resolution
Charge determination

Robustness/redundancy

Association with calo. clusters

Particle ID
dEdx

RICH

Timing measurement

Timing CMOS (Schwemling)

Picosec / micromegas
(Kallitsopoulou )

FCCL

vCTOTTC OUT

trasbourg
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Vertex barrel

Fogen Lo
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Beamstrahlung
0.01

0.005|

CLD and IDEA Vertex Detectors designs (superimposed)

Physics e* , 1
Vertex detector requirements z f'avouTr ttaggking M
ow pT tracks . ‘
(ILC/Fccee) = Vertex/Jet charge /
determination
Physics O(Hz/cm?) = Track seeding

Beam background 0(10-50 MHz/cm?)

Vertex reconstruction
granularity

Beam background

rf

Radiation hardness
O(100kRad/yr) & O(10')n,./yr

Rad.Tol. devices

Time resolution
-> 0O(100ns-1 pus)

O(10ns)@CLIC s

Power consumption
~< 50mW/cm?

"

Fast read-out & low Power
Architectures (~ 20-50 mW/cm?)

Pitch ~17-20 pm
(o4, ~3-4 um)

4438

MAPS with g,; = 3 i

+  CLD concept: double layers
« IDEA concept: single closer

nd X/X, = 0.3% / layer of Si

arrel/Endcap configuration
rs in Long Barrel configuration

Material Budget
= ~0.15% X, / layer
= < 1% X, for the whole VTX

rAd0| T 3o ) N 8ro  28r§  40rg  20rg | +~0.4-0.6 % X, for the beam pipe
' Tes. ) ~ N+ 5 5 Lo Lg Lg Lé o
é ‘ : HE— 31200 mm
C0.0136GeV /e d 1/ro\ N (r)°
Adolm.s. | = o/ _ “(ro) 2 (o
‘ C(']l ' . BPT "o X[)Sill(‘)\/l+ 2 (L(]) - 4 (LO)
(Figure: D. Contardo) )
Low material detectors &
supports structures
I © :
i gy = AD — 75—
tirrness Ignment
& a~dum b~10 — 15 um.GeV

No Power pulsing @FCCee

. Design:
R&D: Keep excellent

Ju

consumption and push towards better time resolution

5 single layers or 3 double layers ? Inner and outer radius ? Etc.

spatial resolution, low material budget, moderate Power

(BX)




Tracker requirements

Expected performances Physics

— = Momentum resolution
PT -5 -1 = Tracking efficiency
2 ~2 X 107°GeV = Track separation, low fake tracks
Pr =  Etc.
Level arm ! . o .
| 4 «  Material budget vs intrinsic resolution
® Bo ! R v' Typically o, ~5-10 um/layer ; material ~1-2% X,/layer ;

Power ~< 100 mW/cm?
v' Low momentum vs high momentum < physics input
* 2 main options:
v"All silicon (CLD, CLICdet, SiD)
= Few high resolution layers
= Possibly timing capabilities
v Silicon + Gazeous detector
= TPC (ILD) / Drift Chamber (IDEA) / RICH (CLD ?)
- L = dEdx/dNdx capabilities,

0.005¢ [Track angle 90 de F BedeSChi . .
g DEA = More hits, overall less materials
0.0045— IDEA MS only . . . .
k. Lt u = TPC: lon back flow issue for circular colliders
I CLD MS only g . ..
: tal « PID Strategy to be included (RICH, timing, dEdXx, etc.
000351 5(0T) / pT at 90° , CLD toic qy ( g )
0.003(
00025; — il CLD\MS’/..» #~ Drasal, Riegler, https://doi.org/10.1016/].nima.2018.08.078
- : e\ ;
0002 . \0‘?«?‘\*0 dm/j{ﬂ = (N + 1)(,{/){“, d = layer thickness, N = # layers
0.0015F " . BES lp-;-l _ 0.0136GeV/e [l —'\P'f'l . LRowepr | 5
°'°°‘; 'y i pp M 0.33 BoLy Y Xg sind pr o 0.3BglL? VN+5
00005 IDEAMS
N e I T T T agesson, | M-S- term dominates for pT ~< 0(100) GeV/c !

pt (GeV)




Vertex/tracking detector comments

Particle ID has to be included in the tracker concept i BBk

v' dEdx and/or dNdx and/or fast timing
v" RICH = reduced outer radius

Inner and outer radius are key factors

Forward acceptance (e.g. asymmetry measurements) o'l
v Limited by MDI constraints, beam pipe, luminosity measurements, etc. g »
= 30 mrad crossing angle (FCCee) = ~150 mrad acceptance % . w it
B-field |
v Limited to 2 T in circular machine (@ Z-pole) Haln aetessorualime
v Calo inside coil ? 5

Beam time structure
v" Power pulsing only for linears

Beam related Background
v' Beamstrahlung (incoherent e*e- pairs)
= QOccupancy driver for linears . e = e
= Less severe for circular (==Rmin reduction ~10mm)) . o tomm
v Synchrotron radiation (mainly circulars) oo 12 sectore
= Possible shielding (increase beampipe material budget) 7

VTX Geometry \ L S ;

v" Probably 5-6 layers VTX (R < 60 mm)

= Robustness (standalone tracking)
= Jow momentum tracking
= Track seeding @ different radii

= e.g. FIPs, highly ionizining particles, LLPs, etc.

quad 4T | 30 mead

LS

[ww] snipey

0se

92.857
|

ol

VTX/Tracking detector is highly connected to the MDI and the
whole detector concept

Z[mml 1250

rermreT == ; 5 6



Beam pipe discussion

J. Andrea, G. Sadowski, Z El Bitar

* V05 = new beam pipe radius & material budget

v 5umAu + 2 x 350 um layers of BeAl + liquid parafin ~ 0.6 % X, = mat. Budget +33%
v" Inner radius: 15 mm = 10mm

DO resolution — single =~ — CLD o1 v04

FCC-ee CLD
— ——l TTT T T | TTT III
= - _
= 2
? | |
2_ —
g 10E 2 =
=] — ]
| [ ] ]
L
¢ 8 § @
0 ¥ . .
| . u ] n —]
- = - " n H = —
4 & o u O
| & A N & & 3] |
— & N A A A " i A
I - & A " N A
——L L1l | 1 | III| L1l |II | 1 II| | | IIII—I—l—

1
10 20 30 40 50 60 70 80 90

8 [deg]

Single p
o p =1GeV, VDX res 3 ym
= p =10GeV, VDX res 3 pym
p =100GeV, VDX res 3 ym
. p=1GeV, VDX res 5 ym
= p=10GeV, VDX res5 um
- p=100GeV, VDX res 5 pym
p =1GeV, VDX res 7 pm
p = 10GeV, VDX res 7 pm
p =100GeV, VDX res 7 pym

cull st >

Figure: DO resolution (10k events)

10
rudies '

DO & pT resolution — single u~ — CLD _02_v05 (10k events)

FCC-ee CLD
IEI _|| T T | T | TTTT TT TTTT TT TTTTT
=< - —
— -
.
'DO 2| . ]
<] 10 — -
15} *
® e o]
|
L I |
_ " _
= = H H | ] [ =
— n [ = L u ]
iy n . ™ ) = =
T S Y S P W
A ry ' A - A
- & & A " A
1 ||| || |||| | | 11 | L1 || ||| |||| |

10 20 30 40 50 60 70 80 90
0 [deq]

Figure: DO resolution

p=1GeV, VXD res 1 ym

p = 10GeV, VXD res 1 pm
p = 100GeV, VAD res 1 pm
p=1GeV, VXD res 3 pm
p=10GeV, VXD res 3 pm
P =100GeV, VXD res 3 pm
P = 1GeV, VXD res 5 ym
P=10GeV, VD res 5 pm
P =100GeV, VXD res 5 pm
p = 1GeV, VXD res 7 ym
p=10GeV, VXD res 7 pm
p=100GeV, VXD res 7 pm

V04 geom; sp. resolution =3 um; p =10 GeV, 0 =90 deg @ d(Ad,y) = 3.8 + 0.1um m +42%
V05 geom; sp. resolution =3 um; p =10 GeV, 0 =90 deg =@0(Ady) = 5.7 + 0.1 um
V04 geom; sp. resolution =5 um; p =10 GeV, 0 =90 deg =@0d(Ad,) = 5.4 + 0.1um
V05 geom; sp. resolution =5 um; p =10 GeV, 0 =90 deg @0d(Ady) = 7.1 + 0.1 um

+24%

Novembre 2023

FCC France, A.Besson, Université de Strasbourg
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Material budget discussion

IDEA: Material vs. cos(8) CLD: Material vs. cos(0) ILD material

% Xo 30| HEl Beam pipe ' 30 [l Beam pipe ' R LI
B Vertex silicon B Vertex E—— ]
[ Drift chamber [ Inner tracker 0.5F — outside TPC g
25 [ Silicon wrapper 25 [ Outer tracker [ e ]
! ' 04 :— — SIT+FTD —:
20! m} [ —XT ]
IDEA - |cLD 0.3} :

ﬂ: 15! [
' 0.2} .
0.1¢ .

resrara EEFEEPERTE B B
-80 -60 -40 -20 0
01 02 03 04 05 06 07 08 OCQ“(B; e/degrees

01 02 03 04 05 06 07

‘m

Yoke/u chambers

Are these estimates conservative ? .

2.0
S
w
A
': 1.5
o
|
B 10
(on
2
w2
/r
I
OE 0's 10 15 20 z[ml

os 10 15 " AI—_ZI'%—L_
https://pos.sissa.it/414/337/pdf
Novembre 2023 FCC France, A.Besson, Université de Strasbourg 8




CEPC vertex detector optimization

c-tagging: Detector optimization for CEPC

:,_ﬂ.lﬁ

U014 —— material budget

I1] TTT

resolution
0.13 . i
— — Inner radius

0.12

0.11

b Higher dependance to mat. budget

0.1

I'II|I['II T I'|[ I[]
‘7..

0.09

0.08

€*'p = Esig(l — Ehk,q)

0.07
0.06

_|1||]r1| ] T 1[ TTT

04 06 0.8 1 12 14 16 18 2
relative scanned parameter

0.05

M. Ruan, ECFA WG3: Topical workshop on tracking and vertexing

https://indico.cern.ch/event/1264807/contributions/5344222/attachments/265575
2/4599314/ECFA-2.pdf

Novembre 2023 FCC France, A.Besson, Université de Strasbourg
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https://indico.cern.ch/event/1264807/
https://indico.cern.ch/event/1264807/

Classical single
sided layers

(e.g. ALICE ITS-2)

Material budget: starting from the layers

Double sided
layers

PLUME

(Bristol, DESY, IPHC)

Double sided ladders with
minimized material budget
0.35% X, reached = ~0.3 X,
doable (with air flow cooling)

Pseudo stitching

+ bent sensors
(superALPIDE)

« 1 silicon piece cut from one
ALPIDE wafer
(9x2 dies, ~1/2 of layer 0)

Self supported

silicon

(Belle-2 upgrade)

September 2023

] I

Integration |

Stitching

Layers 2+1
+ bent sensors

7.1x1.5 cm?

Thickness (edge/center)
430/90 um

Planarity ~17 pm

=
—— L ermmran
= s

ALICE-ITS3

Inputs for engineering studies

A.Besson, IPHC - Université de Strasbourg
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Timing & 4-D tracking

100 pus 10 ps 1us 100 ns 10 ns 1ns 100 ps 10 ps
n n n n 1 1
Time resolution
a0 a0 F 0 0 0 a0 a0
3 psttbar | 1 usZH 20nsz || Beam Backgr;gzcsl rejection ? Sarile 1D

« Time resolution At
v" Bunch separation (3 us/1 us/20ns @ FCCee)
v' Background rejection ? (1-10 ns range)
v Particle ID (10-100 ps)

« Usual drawbacks to go faster
v" Power consumption
v Active Cooling & geometrical acceptance due to services
v In pixel circuitry = larger pixels (or multipixels)
v" Fill factor, dead time
v" PID Restricted to low momentum particles (~< few GeV/c)
o Sitill
v" Forward region not covered by a central gazeous detector (TPC)
v" Added value for intermediate radii (e.g. LLPs ?)

» Specialized layers

v" Doesn’t compromise the other requirements (material budget and granularity)
» Probably not in the most inner layers

September 2023 A.Besson, IPHC - Université de Strasbourg 11



PID Technologies

Nicolio® Cartighia
legr

Leszek Ropelewski

Particle ID and time resolution DRD4 & 1/3 [;:.*.,L ][ e J[ e ][m][mJ[m]

More details here: https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRDA4.pdf

e Goal:

v K/r, n/le” separation, etc. = Interest to push beyond 10 ps resolution
v' Even more important for the physics program @ Z peak

Fast timing (<100 ps) dE/dx + dN/dx
Solid state (pixelated) detector (DRD3) Mainly gazeous detector, e.g. TPC, DC, RICH (DRD1)
1 Separation Power (significance) >eparation Power
. . Bedeschi et al Eur. Phys. J. C 82, 64¢
Time difference (ps 4 4 : y :
(ps) 8 :
@ F £ tirne of flight
PartldeSeparaﬂon (dE/dx vs dNIdx) Analitic § ok i dNidx
- 10‘*{\ ! ! | LN T ';:. calculatlons % B T‘_ o combined
- : proton/kagn s 1 [ £
8 | aonpion —— " — oF . IDEA + TOF=30ps
Eqn- plﬁmg:: : \‘ K;’ sl . K/ Piseparation
E P PN T, " — n [ [
8 ] T Kip oL B
§ . o i i { ™,
[ K 5 "l \ -
g 4 ‘:‘ 4- .............................................
g 3 —|||' 2:_ L
£ 2 !
o R EEEIN, 1 obd e S
1 2 amoﬁ.lanm ,é:wg 0 2 % °M Momentum [GeWc:Q]

Time of Flight dE/dx — dN/dx | Combined measurement
>

Momentum (GeV/c)
September 2023 A.Besson, IPHC - Université de Strasbourg 12
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https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
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Particle ID and time resolution DRD4 & 1/3 [;:.*.,L ][ R J[ s ][m][“J["“]

PID 'r:um'l';ﬁ-s
More details here: https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRDA4.pdf
e Goal:

v K/r, n/le” separation, etc. = Interest to push beyond 10 ps resolution
v' Even more important for the physics program @ Z peak

Fast timing (<100 ps) dE/dx + dN/dx
Solid state (pixelated) detector (DRD3) Mainly gazeous detector, e.g. TPC, DC, RICH (DRD1)
A Senarjtion Power
Time difference (pS) A Preliminary! analytic calc., assumes focusing target achieved PEdESChIEtEl Eur. PhyS.J.EBZ.ﬁM
& 5 i
2 | ARC aerogel gas — K-nt ‘si (e ol ot
_120(\ f l ! l I ‘p‘roltc;nﬂ(aonl— S \l/ _/‘\‘J(\ s p-K ? v combined
DN | o — ® e W  IDEA+ TOF=30ps
5100 plﬁer:fer;gg:: S w02f | I ; \\ : I " K/ Pi separation
NN G g PN Al
% 1 o N \.\.". T S S, S, PR
o : N "
- H [ R : RICH \"\_ il ; L ||;\.;.|-|'1"—- PR |I.|I.I|
e RN TNI 30 | ' N T 10 v
momentum [GeVl I | ‘ Momentum [GeWc:Q]
: : "3 ‘ o “1bined measurement
Time of Flight Momentum (GeV)

>

Momentum (GeV/c)
September 2023 A.Besson, IPHC - Université de Strasbourg 13
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15t tracking session

Agenda

CMOS-MAPS, Timing, gazeous detectors (TPC, Drift), wireless, Cooling

09:00 Intr ion: a i of the | king pts and technologi auguste besson
Batiment 25, Amphi Gronewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg 09:00 - 09:15
MCMOS TPSco 65nm ana electronics auguste besson
Bariment 25, Amphi Grunewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg 09:20 - 09:40
Timing with MCMOS + potential application to FCC Philippe schwemling
Batiment 25, Amphi Gronewald, Institut Pluridiscipiinaire Hubert Curien, 23 rue du Loess, 67037 Sirasbourg 09:45 - 10:00
10:00
picosec-Micromegas Alexandra Kallitsopoulou
Bariment 25, Amphi Gronewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg 10:05 - 10:20
TPC in an FCC environment Daniel Jeans
Batiment 25, Amphi Gronewald, Institut Pluridiscipiinaire Hubert Curien, 23 rue du Loess, 67037 Sirasbourg 10:25 - 10:40
IDEA Drift Chamber Nicola De Filippis
Batiment 25, Amphi Gronewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg 10:45 - 1055
Detector conce pt session
ALLEGRO concept (f ion and di: ion) Martin Aleksa
Batiment 25, Amphi Grunewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg 16:30 - 17:00
17.00 ILD' and CLD pt(p ion and dit ion)
Batiment 25, Amphi Grunewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg 17:00 - 17:30

18:00 Possiple sub Eol (pr ions ana disct

IDEA pt (p! ion and ion)

Batiment 25, Amphi Grunewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg

Batiment 25, Amphi Grinewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg

Global discussion (including "next steps in tracking R&D")

Batiment 25, Amphi Grunewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg

19.00

Novembre 2023

Paolo Giacomeili

17:30 - 18:00

18:00 - 18:30

18:30 - 19:00

Software session

Status of the Key4HEP Ecosystem Zijad El Bitar
25, Amphi Gr |, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg 14:30 - 14:45
y of softy pment in AIDAINNOVA

Gerald Grenier R&D projects | parallel session (if )

A preliminary estimation of the fluxes in calorimeters at t...

Vincent BOUDRY
il iin LAr Calori Y Tong LI
il i ion for ing Gaelle Sadowski
Piet Mondrian, Batiment 25 15:00 - 16:00
WADAPT : Wireless Allowing Data and Power Transfer Dr Fairouz MALEK et al.
Bariment 25, Amphi Granewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg 10:30 - 10:45
nd ki i
2"% tracking session
MPGD Fabien Jeanneau
Batiment 25, Amphi Grunewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg 11:00- 11:15
A light Vertex detector cooling system for the ultimate Super KeKb luminosity Marc WINTER et al.
Batiment 25, Amphi Grunewald, Institut Pluridisciplinaire Hubert Curien, 23 rue du Loess, 67037 Strasbourg 11:20- 11:35

FCC France, A.Besson, Université de Strasbourg 14
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Spatial resolution in Higgs factories

« Typical targets:

v' o,~3 um for the vertex layers g _ _ Sy
V' 64,~5-10 um for the outer tracker layers § simulation oo
« Resolution in each layer depends on :

v Pitch = Few bits ADC

= In conflict with the functionnalities inside the pixel . M'gl-::t b; @ Efﬂod
» Favored by small feature size technology . \ - rade o
v" Charge deposition —— T . S
= Sensitive layer thickness ~——
v' Charge sharing (SNR vs resolution) N T S R S S T
. i F] d L] [ ] 10 12
= Depletion: _ N_bits ADC
» Staggered pixels
v' Charge encoding -
= Binary output / ADC / Tot / etc. o B CMGOS pixel resolution vs pitch
’g —l— Mimosa 9 Analog (12bits)
S 1y B o s
g —— Mimosa 22AHR g@nary (1bit) b 0%
2 % 12+ —4— E;:gzz SsbAg\Ha?vb(l::sgr(;:rlgcessedé) ® e®c>\ (\
2 .|mosa1s irl1ary ‘1 it, reprocesse .
5 N b\ | 0 e O
Oqo” = Q@ Mimosa o4 gt (1bi6)
1 3 2 —— DMAPS (7bits) simulated
p.sin3/29 .

Levelarm ! | 4

AdjO |T€5. ~ 30—7“.5 \/1 87‘0 98? 0 -10?"0 907 D

4
N+5 To T 12 T3 IR
N 2 l-“¢l’/”/l
0.0136 GeV N /r
Aa‘(:ll'-"ns ~ ¢ /C + ?—0 H\\\l\.\\\|||\\\||uu\\\H|||H\||H\HH\\|||
Bpr Xosm(i 4 \ Lo % o 15 20 25 30 3 40 45 50

pitch (um)
d = layer thickness, N = # layers @ Oy ~ 3 pm &9 pitch ~ 15-20 pm

(assuming binary output, ~20 pum epi.thickness
& large depletion in 180nm tech.)

September 2023 A.Besson, IPHC -



Plxel detectors Iandscape for FCCee detectors

ECFA

European Committee for

Also for tracking

Solid state detectors for future (4D) trackers

[Wi’rh avalanche goin] [ avcl‘cllv:\tgf?:tgain ]
/\ / Also for vertexing
Low-gai d High and Gei d . A
[ N e] [ 'gh and Geiger mo ] [ Hybrid J Monolithic /
/K / 3
— ~ DEPFET,
[ ][ ][Bicmos] [ Planar ][ 3D ] [BiCMOS l[ s ] FPCCD,
coupled coupled (SiGe) Si/Diamond Si/Diamond i

(SIGe) SOI
! T T

— I i
Fast timing, radiation hardness Granularity, low power, low material budget

Si-Strips

Passive
CMOS

« VTX hierarchy of the driving parameters
v' Granularity & material budget > Power > time resolution > Radiation hardness
«  Outer tracker
v' Material budget still a must. Relaxed granularity = possible focus on Power, time resolution
» Specialized timing layers
v' Timing layer = Price to pay: granularity and/or Power
« R&D needed to improve the parameter space
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Power vs fast timing vs pixel size

Brief considerations about electronics: power
TRy
ETROC LGAD 1.3x 1.3 mm? -
ALTIROC LGAD 130 1.3x 1.3 mm? ~ 40 0.4
&
S . . . 0.45 (mairix) +
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5 MonPicoAD ;202 LiTs 130 SiGe 25 x 25 pm? - 34 40
g . LGAD .
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Price to pay: additionnal cooling

[ o gai ] [ o gain ] system (addtionnal material)
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FCC-ee Simulation (IDEA)
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From M. Dam

Compact RICH detector for FCC-ee

« Design goal: Compact design, max 20 cm depth, few % X,
« Use spherical focussing mirrows, r = 30 cm, for radiator thickness of 15 cm Compasite vessel wall

+ Two radiators \

Insulation + support

Focusing mirror
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