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Detector concepts

Instrumented return yoke

Double Readout Calorimeter
27T coil

Uttra-light Tracker

MAPS St —
\ Lumical
Pre-shower counters

Solid-state devices are the choice for
vertexing.

Solid-state and gaseous detectors are
proposed for the tracking systems:

- IDEA, ALLEGRO and ILD are considering
gaseous detectors ! ILD_15_v02
- CLD and MuCol are inheriting the CLIC | ol
. . . Scintillator-iron HCAL
design with a solid-state appzroach

Si Tracker

Gas detectoxrs are mainly proposed for the

muon system. ilm
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List of technologies/application
e

Solid-state detectoxs
Vertexing
Tracking -> FD-MAPS, HV-CMOS, LGAD, RSD, bended

TOF

Gaseous detectors

Tracking -> Drift chamber, TPC, Straw tubes
Muon system -> URWELL, RPC, Drift tube, Micromegas
TOF -> Picosec, MRPC

Calorimetry -> MPGD
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Higgs boson tagging and BR into invisibles
sets requirements on:

« Tracking and vertexing performance
e Material in the tracking volume.
« Magnetic field (and thickness of solenoid)

Transparency against multiple scattering and
high precision momentum measurement play an
important role.

Particle identification interplay needed
together with the tracking system.

High background level requires 4D tracking
(MuCol) to remove combinatorial track
reconstruction problem.

Critical detector Requirement
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Solid state detector

Silicon detector are the unique choice for
the vertex detector to fulfil the
requirements.

Material budget plays an important role but
R&D is ongoing to reduce its impact.

Timing performance for TOF measurement
enhance the PID where dE/dx and dN/dx fail

I did a personal selection on the technology

discussed in the next slides:
HV-CMOS, AC-LGAD, bended.

FD-MAPS, LGAD,
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ARCAD'A Manuel Rolo

nwell guard ring

- (dedicared pad) "l"“‘"""

\‘ electronics
b

Advanced Readout CMOS Architectures with \\ /

Depleted Integrated sensor Array = 7

Fully Depleted Monolithic Active Pixel CMOS (ks n donp el

sensor technology platform allowing for:

Active sensor thickness in the range S——

50 pum to 500 pm T
Operation in full depletion with fast

Sensing Pixel electronics:
charge collection by drift Mecwole  dEWROSEE]S

Small collecting electrode for optimal -
signal-to-noise ratio

Scalable readout architecture with
ultra-low power capability 0(10mW/cm?)
Compatibility with standard CMOS
fabrication processes

Technology: LF11is 110nm CMOS

n-substrate
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ARCADIA pererstracor 1o [SRMESSN IRLTEE DU

Matrix

e 512x512 pixels, Double Column arrangement
e 25x25 um? pixels
e Clockless

End of Sector
(x16) Reads and Configures 512x32 pixels

Sector Biasing
(x16) Generates I/V biases for 512x32 pixels

Periphery

SPI, Configuration, 8b10b enc, Serializers
Triggerless data-driven readout

Event rate up to 100 MHz/cm?

High-rate operation (16 Tx): 17-30 mW/cm?
Low-power operation ( 1 Tx): 10 mW/cm?

Bottom Pad Frame
Stacked Power and Signal pads
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ARCADIA vp3 Test Beam Manuel Rolo

Test beam at FNAL (120 GeV protons)

Telescope with 3 ARCADIA-MD3 200 pm thick
Sensors

Threshold, sensor HV and incidence angle
parameterization: study of cluster size, il e o
collection efficiency, spatial resolution s ] e w0

const 217e+04 £6.63e+01

mean 7.255¢-05 +1.263¢-05

Single-point resolution ~4.7 pm
@VCASN = 5 (~ 600 e-)
and angle of tilt = 0°

sigma 0004733 0000012

Preliminary

avg multiplicity

Average efficiency 0.9941 + 0.0003

10 15 21 -008 0.06 -004 002 0 002 004 006 008 0.
VCASN det 1 Residual col [mm)]
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ARCADIA rai | ewsese

Monolithic CMOS Avalanche Detector PIXelated
Prototype for ps Timing Application

MadPix prototype with gain layer and
integrated electronics

High Resistivity Si

Advantages of CMOS LGAD are a reduced
material and cost together with a cheaper
assembly through a monolithic approach

Add-on p-gain implant underneath the n+
collecting electrode to push the timing
performances
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ARCADIA vadrix Test Beam ‘ Manuel Rolo

Trigger:
LGAD 1xT mm 50m
First small-scale demonstrator reference (28 psr.m.s)
- 4x16 mm? and 250 x 100 pm? pixel pads \
- 8 matrices (64 pixel pads each)
implementing different sensor and front-end -—
flavours
- 64 analogue outputs on each side /
MadPIX

ALICE3 TOF Test beam @ CERN PS in October
2024. Timing resolution measured < 75 ps 130 3
(very preliminary results)

48 pym thick active layer on a p+ substrate, -1
timing resolution is sensor limited ~§1m- Preliminary 1

FEE jitter ~ 20 ps r.m.s. measured with
laser

50 60
Vrop [V]
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ATLASPIX3 B

ATLASPix3 was developed for ATLAS ITk, now T — T

REEEB e SN Sk ' —— |-Sig72] layers

used widely as HV-CMOS demonstrator. - | o v i

General features

e TSI 180 nm HV-CMOS technology '

e full-reticle size 20x21 mm? monolithic " B N 4

pixel sensor

132 columns of 372 pixels

pixel size 50x150upm? (25x150um? on

recent prototypes)

breakdown voltage ~-60 V

up to 1.28 Gbps downlink

25 ns timestamping

analog pixel matrix, digital processing

in periphery

e Threshold can be tuned to 800e, with
dispersion ~60e, noise ~ 70e

Both triggerless and triggered readout modes
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ATLASP|X3 Test Beam Yanyan Gao

KIT
d || telescope
] !

Two telescopes (KIT and UK) in standalone
systems tested at DESY with electron beams.

For the presented data analysis a 3-6 GeV

electrons beams is used and perpendicular
beams.

- - - - - - -

Resolution depends on the cluster size.

Overall efficiency > 99% achieved after 20V
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ATLASPIX3 g o B

Multi-chip module assembly

e aggregates electrical services and
connection for multiple sensors , Jrer e
e quad module, inspired by ATLAS ITk e b FE -
pixels

Module
implemented interface to readout system

developed software for module
no degradation of performances for quad
modules

e ATLASPix3 has serial powering
capabilities

e SP operation is not affected
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Silicon layout 1oea and Al1egro

Fabrizio Palla

£ 1 3 1 4 1 1
er'one E-E __—OUTER TRACKER
- .~ MEDIUM TRACKER
o D
| ~ INNER TRACKER
h— D D
[\ L L
[ |
| | Lr=34sol 326,3
s 40} ,
LR=130,0 R=23,7 .
R=315,0 1860,00 [E |
OUTER TRACKER= N.51 Stave DISK 1 — I 1240,00 | ~DISK 3
16 Pixel detector/stave ~ i 608,40 ' /-DISK 2 [
Power dissipated 1398,1 W DISK 2~ 515.00 DISK 1 ot
BMEDIUM TRACKER=23 Stave DISK 3~ 326,20 ‘
8 Pixel detector/stave 3180
Power dissipated 314,64 W Sezione D-D L
Inner Tracker: N.3 layer pixel detectors Without
Layer1:N.15 stave of 6 pixed
| detectors=90 puxel detectors Outer Tracker
Layer 2: N.24 stave of 10 pixel
detectors~ 240 pixel detectors IR bbbl Sy g AR USR] SR e SRR
Layer 3 : N.18 pixel detectors stave
of double 16 pixel detectors=576 pixel detectors
Layer 1: Power dissipated 12,1 W 310,00 315,30
Layer2: Power dissipated 32,25 W DN T
“Layer 3: Power dissipated 77,41 W e
Toyal Power dissipated by the inner tracker:121,76 W - | 163,10
ELEMENTO[QTA] ___ NUMEROPARTE | [DESCRIZIONE
2 1 _|Assieme completo outer tracker struttura trianigolare 304,70 | 315,30 310,00
3 1 |Assieme completo medium tracker rovesciato Jayout 19 L
5 2 |Assieme disco completo 2_1 1240,00 T T - T
6 1 |Assieme disco 3 1860,00 ocsi I l l 03/04202 I
7 1 |Assieme disco 3_MIR X I o Nazionale & Fisica assiene middle outer e inrer tracker_2
8 2 |Assieme disco 1_1 -
= Nucleare-Sezione di Pisa e
9 1 Asssemvmnxka(m?mn carbonio_1 e S e IDEA TRACKER l [ 1/1
1) T T L] A El T T

Outer vertex tracker:
ATLASPIix3 based

Modules of 50 x 150 um?pixel size

* Intermediate barrel at 13 cm radius
* Quter barrel at 34.5 cm radius

« 3 disks per side

Inner Vertex detector:
ARCADIA based

Modules of 25 x 25 um?pixel size

3 barrel layers at
- 13.7, 23.7 and 34/35.6 mm radius
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>

Fabrizio Palla

Silicon layout 1oea and Al1egro

7| 1nner Tracker:N.3 layer pixel detector

Total thickness per layer 0.25% X/X0
Carbon Fibre ~60 %

Silicon: ~20%

Power and readout bus: ~20%

1,
overlap=0,256 -
-
0,346

0,279

<H

- overlap

Layer 1:N.15 stave of 6 pixel detectors
=90 pixed detectors
Layer 2:N.24 stave of 10 pixel detectors=240
pixel detectors

Layer 3:N.36 stave of 16 pixel detectors=576
pixel detectors

Layer 1: Power dissipated 12,096 W

Layer 2: Power dissipated 32,25 W

No
modules
Istave

Total Length

staves [mm]

L % Joos v Vasiam 13.7 15 6 217.40 241.92 12
> : : 23.7 24 10 346.20 645.12 32
34 & 35.6 36 16 539.40 1548.29 77
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Silicon layout 1oea and Al1egro Fabrizio Palla

Reticular lightweight support to

provide stiffness 2 . 2 : :

' LSS LTS LS LA A AN AATC LTS LTS LTS AR AT LTS L LN i S

Thin carbon fiber walls interleaved
with Rohacell

2 buses (data and power) 1.8 mm wide 3 S T - = , ~| LA
and 250 pm thick (50 pm Al, 200 pm
kapton) per side § <
B
S
Inspired to low mass hybrid R&D Sensors mﬂi -4 I
facing interaction point w/o any other . -
X : (&) / SN 3 ELEMENTOJQTA] WMERO PARTE DESCRIZIONE |-
material in front A 2 H T —
OO o = e 2
5 1 m carbon fiber layer 1 stretta Inmh A
Readout chips either sides ~\\\ mmiwmzrmwmeﬁﬁmLm"
T ] T T \? = E) W’*":"""‘“ Im-lrmeerxIJw l‘-x.l i

Air cooled
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Silicon layout 1oea and Al1egro _ Fabrizio Palla

Sezione A-A

Middle Barrel At 13 cm radius
Similar for outer barrel

22 staves of 8 modules each.
Lightweight reticular support structure
(ALICE/Belle-II 1like)

Readout chips either side
Power budget ~342 W

-n ra reticolare laterale 24x350,8 medium tracker

Total weight ~1 kg Water cooled (2 ’:"..”’:,;:"‘t“m 4508 e vt

[ 4 19 lou o struttura triang ro
pipes of 2 mm diameter) xt&mmﬂf:wmmmw
Similar prototype built @ Pisa

e T e R
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Resistive Silicon Detectors ‘ Enrico Robutti

DC contact
AC pad n.1 AC pad n.2 AC pad n.3
Total surface for silicon wrapper about 20 i#\co!lphng
times that of vertex detector and with resistive n* p'-gain oxide
similar pitch p-Si
— 0(10*) channels Nptt

Resistive Silicon Detectors (RSD), an
AC-coupled LGAD sensor, can provide e B S e

high-resolution position measurement with
relatively large pitch

5 o 3 B ¥ 8 %
LA Mt d

Suitable for low occupancy environments
Comparable material thickness

Precision time measurement possible ‘
Ongoing R&D on implementation in DMAPS — FEIE B ‘
structures e e S S n————

B 8 5 8
Lhbdd Mdd i
5 8 ¥ 8 8
Ll it st

hit
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FQS;[) Test Beam Enrico Robutti

RSD2 crosses: spatial resolution for 4 different pitch sizes

100
90 1300 um
Ero Ll oz s
:g - B -=200um
54 A
2 30 A e
20 pab O 27X
10 . :_‘M‘-‘_:-_:—_ ——==-
0
Position performance measured with laser and 9 “"n » 1* % 10 & W i®
otal AC amplitude [mV]
several test beams with 120 GeV proton beam m eputial sesokition when the totsl A ampliinde = 60/
@ FNAL Ta0 =
=20 y =0.03 x + 3.57 I 5 |
Different pitch size tested and with a gain £ 20 '___--”'—
[~} -
of 30 it achieves a spatial resolution of g1 .--"
o . 0 A A = A - - ’
about 3% of the pitch size. 200 400 600 800 1000 1200 1400
Pitch [um]
The time resolution achieved is about 30 ps, . .
25 FNAL 120 GeV proton beam BNL2020, 220V 70%#

independently from the pitch used.

Single-channel timestamp

8
e

Multi-channel timestamp

»
5
T

Time resolution [ps]
8 3

a
S

T
1

~— — - Binary readout

Position resolution [um]
8
g

——— Two-strip reconstruction

I
T
8
a
1

S I ]
b X X N R 5oz i 0 oi oz

03
Track x position [mm] Track x position [mm]
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ALICE ITS3 layout-Llike Armin Tlg

Layer 2 Layers 2+1 Layers 2+1+0

DMAPS in 65 nm TPSCo process with bended
detector.

The IDEA first layer has a smaller radius
comparing to ALICE, from 18 to 13.7 mm.
Mechanically is okay, electrically to be
demonstrated.

Layer 1 (classic vertex)  Ultra-light layer 1

Proposal for FCC-ee to use 4 segments L R T 0.7 [Japton
i i S | [JGlueEcobondds o O.GE— B Auminum
(StltChlng) L2f %:m" 055_ [Jsiticon
[ [JCarbonFiber " : DC&rbonFonm

[ @l Aluminum

0.4fF

Preliminary material budget evaluation ] ..
ozt Preliminary

measure a reduction of about 3-5 times with
respect standard geometry.

Material budget x/X [%)]
Material budget x/X_[%]

% 0.10.2030.405060.70.809 1 % 0.102030405060.70809 1
cos(6) cos(6)
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OCTOPUS

Optimized CMOS Technology fOr Precision in
Ultra-thin Silicon is a project for
simulation, development and characterization
of MAPS in TPSCo 65 nm CMOS Imaging Process
targeting future Lepton Collider
specifications with this focus:

Single point resolution: 3 pm

Time resolution: 5 ns

Power dissipation: 50 mW/cm2
Thickness: 50 um

Readout architecture scalable to large
area

48 x 24 pixel chip with analogue
readout

3 process variants (STD, MOD, GAP) for
depletion control

3 pixel pitches: 15, 18, 22.5 um

AC pixels with Vbias = (0; 10) V

Ongoing test beam campaign reported
preliminary interesting results.

Serhiy Senyukov

N PMOS n-well collection n-well collection n-well collection
_pwel | nwel Pwel [ - nwer P (S | pwel Lonwen o Pve IS
deep p-well § N doap pwell - \ / : deap p-well “
581 | \ /
i /1 |.98e, 3 h /
) low dose n-type implant fo .25 um low dose n-type im| /
I l \ /
i [ 1/2 pixel pitch \/
) | -v.
: : depletion
1 | boundary
1 i \
i p eptaxa iy \

Resolution (um)
w -

N

-

p* substrate

ALICE ITS3-WP3 beam test preliminary
@CERN-SPS April 2024, 120 GeV/c hadrons

Plotted on 29 Oct 2024

Preliminary

Chip: CE-65v2 (ER1)
Process: Standard
Pitch: 15 ym, 22.5 um

Vs ® Vpu =0 Tm20%

AC 3MP.: Lyes = 100 pA

HV = 10V

+- Standard (22.5 um)
~#- Standard (15 um)

0 50

100 150 200 250
Seed Threshold ()

300 350 400
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https://indico.cern.ch/event/1457081/contributions/6162714/attachments/2960608/5207044/2024-11-05%20Technology%20and%20layouts%20developments%20for%20the%20vertex%20in%20France.pdf

Snail-shape vErtEx Detector _ Serhiy Senyukov

FCC-SEED is a full silicon ladders of 6/8
reticles

e With or without stitching along Z ZES;’:LT:J;.",‘“’I}‘LT..
[ ]

Perimeter ~73.5 mm
Ladders are bent to provide mechanical
stiffness to build the layer and to
reduce the material budget
Full r-phi coverage
Stitching yield less critical
Less constrain on the layer radius

Project to build a prototype of a FCC-SEED
layer using MIMOSIS chips

e Different thicknesses: 30/40/50 um
e Different radii: 18/15/12/10 mm
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Gaseous detector

Gaseous detector are used for tracking
purpose and also for muon measurement,
timing and calorimetry.

The low material budget reduce the
contribution on multiple scattering and
improves the momentum resolution

Multiple measurement of the track path

0(100) allows together with the
momentum measurement, the particle
identification.

I did a personal selection on the
technology discussed in the next
slides: Drift chamber, Straw tube and
TPC.

[GeVig?

2
(

dNigp;
8

.
llsvllllll

8

200

muons in ZH events have o,/pt
>
rather smallp; Tk g 0 RO
Entries 2001 -~ IDEA o
Mean 38 IDEA No Si wrapper o
RMS 165 cLp 0
CLD MS only B2 D
ZH (2= pp) , C“;
Y . ur I e
3 P> /
S 9=090°
c(-...,l....|“.x|....|....J_..u|....|... L - I L L
1020 30 40 50 60 70 8090 100 20 40 60 80 p:?eoev)
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Drift Chamber

Dimensions:
4m long (active volume)
35cm to 2m radius

Low material budget
« Barrel: ~ 1.6%
« Forward directions: ~ 5% Xy

Stereo layout
« 112 layers ranging from 50 to 250 mrad

Operating gas mixture: He + 10% 1C4H10
« Average drift velocity of ~ 2 cm/us
» drift time t,; < 400 ns

Sense vires: 20 pm diameter W(Au) =>56448
Field wires: 40 pum diameter Al (Ag) =>229056
F. and G. wires: 50 pym diameter Al(Ag) => 58464

Active volume: 56448 almost squared drift cells
(12 + 14.5 mm)

Expected resolution: Oy ™ 100 um and o, ~ 1 mm

‘ Walaa Elmetenawee

service area

0.20m R (F.E.E. included)
0.045 X 0.016 X, [ activearea
. 0
r=200m
0.050 X,
112 layers onia®
Front Plate -15 m cell width '
r=0.35m

inner wall 0.0008 X,

56,000 cells
340,000 wires
(0.0013+0.0007 Xo/m)

wires Bas

outer wall ’0.012 Xo

z-axis

z2=2.00m

outer cathode sub-layer

Inner cathode sub-layer / anoae sub-layer

wid
x U-view (stereo angle +)

% o V-view(stereo angle -)

5 : 1 field-to-sense wire ratio
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Drift Chamber nechanical structure ‘ Walaa Elmetenawee

Gas containment

The mechanical design of the drift chamber
1s driven by two main objectives:

- Maximizing its transparency in terms of
radiation length.
Maximizing its mechanical stability by
reducing to acceptable limits the
deformations of the endplates under the
total load of the wires.

Gas containment: gas vessel can freely
deform without affecting the internal wire
position and mechanical tension.

Wire cage: wire support structure not
subject to differential pressure can be
light and feed-through-less
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Drift Chamber ciuster counting ‘ Walaa Elmetenawee

acquired signal identified

In He based gas mixtures the signals from each | L. e
ionization act can be spread in time to few ns. S
With the help of a fast read-out electronics 4
they can be identified efficiently. , ﬁ 4k

. . . . b M‘-'”‘”“ AW \ W
By counting the number of ionization acts per S S S W | R\ L 75 7 AR

unit length (dN/dx), it is possible to identify l
the particles (P.Id.) with a better resolution
w.r.t the dE/dx method.

Landau distribution of dE/dx originated by the "
mixing of primary and secondary ionizations, 1
has large fluctuations and limits separation
power of PID

-

p

T

Primary ionization is a Poisson process, has
small fluctuations

The cluster counting is based on replacing the
measurement of an ANALOG information (the
[truncated] mean dE/dX ) with a DIGITAL one,
the number of ionisation clusters per unit
length.

O 4 N W & 0 0 N o ©

0.1
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Drift Chamber test Bean

Beam tests to experimentally asses and
optimize the performance of the cluster
counting/timing.

dE/dx measurement has an optimized
truncation empirically: selected the
distribution with 80% of the charges.

To accurately identify electron peaks,
Derivative Algorithm (DERIV) and Running
Template Algorithm (RTA) are developed.

A factor 2 improvement in the resolution
using dN/dx method.

Needs to be demonstrate its performance in

cell with large occupancy

® 0

Walaa Elmetenawee

patPs|
150450 MeVic

1996 P51

ionization

2021 CERN 5PS-HE 2
w22 CoNSPSHE 2

o

2023 CERN PS-T10

Resolution

2

. m at CERNPS KalROCee
e

= ¢ —

L
~

1
;2— Relativistic rise

Minimum

Plateau

NN

=B Kat FNAL
5 | 570 GeVic
S @

10 100
Br

dE/dx Resolution

1000

i al CERVHB =
40180 GeVic : 80/20
-

HeisoB 90/10,

ubeam 1M |lele : o * 10pm(MotAu)
i * 15 pm (Mo+Au)

165 GeV
20 um (W+Au)

Wpil 1 ® 25 ym (WeAu)

2.
o HelsoB 80120,
1o ™ 85/15,90/10
40,50, 180 GeV) B 1Sem |, [ o |4 [ 4| * 15umOMorAn)
b | dd % 20um (WeAu)

§ S

a <

* 25um(WrAs)

Lo o]0 J |

dN/dx Resolution

Resolution

0.06|-
0.05]—

0.04—

t oosf-

200 250
Track Length{cm]

{ T YT O S o a st | by
200 250
Track Length[cm]

Solid state and gaseous tracking detectors - Workshop on FCC-ee and Lepton Colliders - 24.01.2025 - R.Farinelli - 29


https://indico.cern.ch/event/1457081/contributions/6162722/attachments/2960613/5207055/Walaa_Venice.pdf

Straw tube

Reasonable single hit resolution: 120 pm

Similar or better momentum resolution than
the pixel detector due to more hits detected
and a longer lever arm

Low material and less multiple scattering
with straws

Particle identification (m-K, K-p
identifications)

Mylar wall thickness of 12 pm and 100 layers
means ~3 mm Mylar films ~1.2% X,

Inner wall 0.05 pym Aluminum coating
Sense wire: radius of 10 pm Tungsten

Endplate supporting structure could be
similar to DCH

Yuxiang Guo

Silicon wrapper )

alpr)ipr

| Vertex
Detect

4\

=X

L] RN TR O N ) A AN N O N T

0.005

— IDEA = CLD ¢ Straw
--- IDEAMS --- CLDMS  --- Straw MS
0.004

0.003

0.002

0.001

T T T T
T O 0 O 0 T T 0 Y

PR TS A (e[S PN (S | L
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pr[GeV]
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Straw tube r1p simulation ‘ Kevin Nelson

< .

Ongoing Garfield simulation to provide £ é
essential inputs for the gas optimization Z, gi iy
and dE/dx(dN/dx) measurement for PID ;
e Ar-based gas:
high ionization density
(~40 clusters/cm) | Difficult to count
moderate electron drift velocity o imdtvidual Plstes. |

Time IuM-‘tl

50 ym/ns (@E~2kV/cm)

s o il deinled.eletive pudse: resent

. ©

Mean cluster arrival time separation:

y-Axis [em]

~5 ns

90 ns

Current [pA] *

e He-based gas:

lower ionization density
(~15 clusters/cm) i

drift velocity He: IC4H10(90 10)1ba
30 uym/ns (@E~2kV/cm). = rﬁmm 7 3

Mean cluster arrival time separation: AR o] B Time [jsec]
~15 ns
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Straw tube test Bean Yuxiang Guo

Test beam at CERN H4 & T9 X
i ‘ G u
Straw diametexs: 5, 10, 20 mm to evaluate - o v
operation working points (high voltage, 2 : X
thresholds, gas)
Prot 1: 5mm, 10 mm, : ;
Tube-wall 36 um coated with 20 nm gold and a.:Z ‘%‘3"n?m tubg;n;rea s ;l:rfngtsyg‘fe)% twomr:::i? {? ?29)rjl¥wg ‘gngnes of

70 nm copper V (-2°) and two planes of X.

Central wire diameter 30 um

. . g 0 : "TT0-49.06 +0.24ns
2 prototypes (from different production) of £ Spsivl 1ol
> 80 max 339.6 +0.7ns
straw chambers used Slope52_+05 /ns
60 DTmax 388.7 +0.8ns
Straw signal amplified by NIM amplifiers. n E
Digitized by an oscilloscope. i ” E
. - -200 6 260 460 660 B(‘)O 10‘0012‘0014‘0016‘001500 -200 -100 0 100 200 300 400 500 600
Individual clusters could be seen from the S .
: Raw signal from the straw tube First leading edge time spectrum

raw signal

Cluster counting algorithm to be developed.
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Time Projection Chamber “
0.3m < r < 1.8m v \

\ ‘ ‘

. |w‘
highly-redundant pattern recognition b h,ﬁ~’f,f4;4;;@;§;§p—qﬂ37

by
el i

|z] < 2.4 m

dE/dx and dN/dx measurement PID

Material budget is
0.01 X, TPC gas
0.01 X, inner cylinder
0.03 X, outer cylinder
< 0.25 X, endplates (incl readout)

Note the very low budget in the barrel N
region. Material budget can be respected by R R
different technologies like GEM, MicroMegas

1 22 electrons / hit 1 electron / hit
and Fixets ~ 200 hits / track ~ 10 000 hits / track
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'FF’(Z operation and ion distortion

Large ionization at the Z peak produces a
large ion density. As ions drift very slowly
(0O(m/s)) the TPC integrates a high ion space
charge, which causes a transverse electric
field, which in turn makes large distortions
of the ionization electrons paths.

A distortions for the tracks at the Z pole,
counting only the ionization from physics
events 1s expected to be about 150 pm

Beamstrahlung background produced ~200 times
more ionization than hadronic Z decays and a
distortion of 1-10 cm is estimated.

Correcting for this is necessary and 1is
similar to what Alice attempts to do at the
Pb-Pb run
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TPC momentum resolution and ‘ Peter Kluit

T T R L e e S L e

— electron - pion
—— kaon - pion
—— proton - pion

separation (sigma)

To study the performance of a large ‘ f\yA\h_‘f¥_h___‘ﬁ_ i R ;
Ri _ . _

pixelized TPC, the pixel readout was | s S .

WO 1SR S AT ] A G O W 1 | 0 1 1 1
implemented in the full ILD DD4HEP Momentum [Gev] 0 10 20 30 4050 60 $m$m$;$°
simulation with a coverage 59%.

The expected pion-kaon separation for
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Conclusion
.

An overview on the ongoing activities for tracking system are presented.

The current prototypes performance are close to the FCC-ee requirement but R&D is mandatory to
match this performance in the final detector. Collaboration between institutes and DRDs is a

key element to develop the detectors for future lepton colliders and to enlarge the scientific
community.

Silicon detector can achieve a few pum spatial resolution and tens ps time resolution if
an amplification layer is used.

Bended silicon detectors can reduce significantly the material budget and provide full r-phi
coverage.

Gaseous detectors, the best choice for a low material budget, need to face-off the
stringent mechanical requirement on such a large area detector.

Beam induced background has to be take into account for the occupancy and its impact on dN/dx
in drift chamber and straw tubes, for the ion distortion in the TPC.
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