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Ultra-light Tracker

e Veriex detector (MAPS) —

e Tracker ) e
o Dual Timer Pixel (Belle) o
o TPC
o Drift Chamber

o CLD silicon flavor physics strange-tagging
° ° FCC-ee Simulation (IDEA)
e Timing layers : v | 2 F o ) A
. 6000 B 5> Ktm~ + crnc § a;:::'ch*g”
e Particle ID ; o 8l
o dE/dX / dN/dx 3 2 Z ]
o impact of RICH in CL[* LI
silicon fracking : )
performance 1070204 ‘o%;.id‘w?gé — 1

. . , jet tagging efficiency
https://agenda.linearcollider.org/event/10134/sessions/5593/#all 2




MAPS for tracking and calorimetry

Caterina Vernieri

Monolithic Active Pixel Sensors - MAPS

A suitable technology for high precision tracker and high granularity calorimetry

e Monolithic technologies can yield to higher granularity, thinner, intelligent

detectors at lower overall cost

e Significantly lower material budget: sensors and readout electronics are

integrated on the same chip

o Eliminate the need for bump bonding : thinned to less to 50um
o Smaller pixel size, not limited by bump bonding (<25pm)
o Lower costs : implemented in standard commercial CMOS processes
technologies with small feature size (65-110 nm)
o Either reduce power consumption or add more features
e Target big sensors (up to wafer size) through use of “stitching” (step-and-
repeat of reticles) to reduce further the overall material budget

Caterina Vernieri - LCWS - July 9, 2024

Collection
-6V node -6V

P-well lJ * & el
Deep P-well

P-type epitaxial layer /©
P* substrate

I
/ Backside voltage

Current sensor optimization in
TJ180/TJ65 nm process
Effort to identify US foundry on going

Snowmass White Paper 2203.0762
Common US R&D initiative for future
Higgs Factories 2306.13567

MAPS for ECal

Instruments 2022, 6(4). 51

Fine granularity allows for identification of two showers down to the mm scale of separation

e SiD detector configuration with 25x100 pym?2 pixel in the

calorimeter at ILC

o With no degradation of the energy resolution
e The design of the digital MAPS applied to the ECal
exceeds the physics performance as specified in the ILC

TDR

e The 5T magnetic field degrades the resolution by a few per
cent due to the impact on the lower energy electrons and

positrons in a shower

e Future planned studies include the reconstruction of showers
and @ within jets, and their impact on jet energy resolution

Shower Clusters
St

Clusters

o<layer<8

Evente

GEANT4 simulations of Transverse distribution of two
10 GeV showers separated by one cm

see Jim’s talk 8

e 465nm CMOS imaging process

O Increased density for circuits: higher spatial resolution and improved fiming at same

power consumption
o supports stitching — Wafer scale MAPS




MAPS for tracking and calorimetry

e Focus on achieving nanosecond timing Summary of NAPA-p1 Performance
resolution at low power consumption:
o Suppression of beam backgrounds to keep
occupancy low and/or trigger decision
before reading out the detector Spatial 7pm 7um Vv

Specification Simulated NAPA-p1

Time resolution |1 ns-rms 0.4 ns-rms \/

Resolution
D. Ntounis (2023 Noise <30 e-rms 13 e-rms V
: G. Marchiori (2023)
Beam induced backgrounds at future HF TDAQ@Annecy2024 PP — PN T v
Same tools and methodology between ILC & FCC within Key4HEP Threshold
+ ILC physics studies are based on full simulation data and some have been recently repeated for C3 dA::\;?t%re Paer (<20 rlism= ?o: 1'1;\0/\213:;2(:“(:'6 \/

+ Time distribution of hits per unit time and area on 1st layer ~ 4.4-10-3 hits/(ns-mm?2) = 0.03 hits/mm?2 /BX
+ CLD detailed studies @FCC show an overall occupancy of 2-3% in the vertex detector at the Z pole
+ assuming 10us integration time

occupancy = hits/mm?IBX - size,,,,, * Siz€ juser - Safety

P e VXDB
= 5 i safety=3 F & Layer 1
2.5 (strip) = CLD

Background hits from incoherent pair

25um x 25um (pixel)
SiZ€qensor =

9 = | um x 0.05mm (strip) SHeelus

Hits from pair background in vertex barrel - 1 bunch train

VXDE
Disk 1

ﬂ -
I \

ITE

I’ Disk 1

4 ww ZH Top

Bunch spacing [ns] 30 345 1225 7598
Max VXD occ. 1us| 2.33e-3 0.81e-3 0.047e-3 0.18e-3
Max VXD occ.10us| 23.3e-3 8.12e-3 3.34e-3 1.51e-3
Max TRK occ. 1us| 3.66e-3 0.43e-3 0.12e-3 0.13e-3
Max TRK occ.10us| 36.6e-3 4.35e-3 1.88e-3 0.38e-6

Occupancy in readout window (10us)

0 5 10 15 20 tins
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Silicon-On-Insulator Pixel Detector Project

Belle I

DuTiP :
Vertex Detector for Belle Il Upgrade
and Intermediate Silicon Tracker for ILC

Yasuo Arai, Tristan Fillinger, Junji Haba, Akimasa Ishikawa,
Ilkuo Kurachi®, Kenkichi Miyabayashi®, Miki Mitani¢, Emi Ozaki®,
Takehiro Takayanagi, Ayaki Takeda®, Hina TagashiraP,

Toru Tsuboyama, Miho Yamada*
KEK, D&SB, Miyazaki University¢, Nara Women'’s University8, TMCITE
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DuTiP and SOI

*  We invented Dual Timer Pixel (DuTiP) concept for Belle Il Vertex detector
upgrade that can be also used for layer 7 and 8 of ILD SIT.

« Our requirements for Belle Il Vertex detector
— Binary dete to reduce data size and power consumption.
IHz to reduce the occupancy to O(10) or less
ter read sed on L1 Trigger to reduce data size.
Is at least trigger latency of 4.4us
onsumption ~100W/cm?

* For normal temperature air cooling

¢ We adopted onon ator (SOI) technology to realize the DuTiP

The Concept “DuTiP”

yual Timer Pixel

— Dual Timer (down time counters) in a Pixel to store signal and wait for trigger signal

7bit timer can wait trigger upto 12

Silicon-on-Insulator (SOI)

* Insulator layer (BOX layer) sandwiched by circuit and sensor layer

* Fully depleted sensor : Fast signal, good S/N
*  CMOS logics w/o well structure : High density, small parasitic capacitance
¢ Monolithic : Low material budget Bulk So1

* Good for high energy physics

*  We adopt Lapis semiconductor 0.2um FD-SOI process ‘ o —_— 0

—— = Sl
o LSI Circuit

sum =
40nm \‘ = _F = PMWS :|-|—l- ”
200nm —= | BOX(Buried Oxide) | I
Y BP/W ol Ta pHn)
(Buried p-Well) |/
50~500um
Si Sensor +/
(High Resistivity S
Substrate) K | Py
20240709 Back Plane Gidiion :

ners allow the second hit during trigger latency
— Hit registers for three time buckets, previous, current and next for timing scan
One Pixel
Analog circuit Digital circuit
Trigger input
Test pulse Threshold adjust.

(Capacitive input)

Pre-amp

Pixel mask PCN: 3 bit

| Latch |—~|7bit counterl—» '(I;rcl)grg:r —.

|

| Latch }—‘|7bit counter}_- .cl;'?)grg;r —

(~bit DAC)
(i-1th)

Address
Arbiter encoder
(i th)

Shaper Comparator

(i +1th)

Pixel: Analog block Pixel: Digital block Scan block

20240116




DuTiP1 with SOI technology

* Dimension
6mm? chip

D;

* charge sharing improves the resolution

64x64 pixel array
300umt (to be thinned to ~50um?)

* Analog circuit

— ALPIDE analog circuit fabricated on SOI by Strasbourg and modified by KEK.

— Low power consumption amplifier
* Digital Circuit
7bit timer x 2
9ns) CLK (SuperKEKB 509MHz/32(1.97ns*32) )
* Trigger latency of at most 8us (4.4us requirement)

— Only current and previous time buckets (no next bucket)
20240116— NoO sophisticated readout circuit not fabricated

Efficiency and Yield .

B
- DuTiP1
* Efficiency @ 2.7 x 2.7 mm2

— Using %0Sr : ~98+
— Cosmic or accidental noise hit are
subtracted with dry run data.

— Large systematic uncertainty due to
limited setup

collimator
¢=15mm

scintillator
1x1cm2

— To be tested with test beam
20Sr irradiation

¢ Production yield is checked without
collimator
— More than 99% pixel is working

L T
fig. The histogram image of the beta ray.
Triggered by the electrons

20240116 restricted by the collimator.

Timing Resolution for single pixel

* DuTiP + Scintillation counter &
+ Tested with 9Sr and 50MHz CLK (20ns) Hink i e it i

— Timing resolution is 11.2ns i
*  With test pulse ~10ns

— Enough smaller than time bucket of 63ns

%0sr B

DuTiP1
2.7 x 2.7 mm2

collimator
¢=15mm

L scintilator

1x1cm?

80 om0 0 W0 @0 30 50 W W0
S it e o




New TPCs with charge spreading
resistive Micromegas for T2K
o2 near detector g =

ssssssss PADOVA
a IEA = BARI NAPOLI ROMA-|
Paul Colas, U. Paris Saclay ﬂlrfu BIEARE  (A0RATOR ez LEGNARD

From ILC TPCR&D to a
real neutrino
experiment in Japan




Charge spreading

resistive anode MicroMegas

By adding a resistive layer and a dielectric layer on top of the anode, we

i i B obtain a resistive-capacitive continuous network that spreads evenly the

¢ (~ 100 nm) $—=
® ~ 360V

E charge between the hit pad and its neighbours.
This allows a barycentre to be determined, which greatly improves the
resolution : resolutions as good as 1/50 times the pad size are obtained.

Top-Left neighbour Top neighbour Top-Right neighbour

ma tins (40ns) mebes(@rs)  imebns (e

Left neighbour Leading pad Right neighbour

ma bins (400s) ime bins (40s) im0 b (40ns)
Bottom-Left neighbour Bottom neighbour Bottom-Right neighbour
ime bins (40 ima tins (400s) yme bios (40

Events

28 g8Q8

Separation power with 4 detectors (1.5 GeV @ CERN) C@aJ_Z’,ia

For a given pad, for each deposit

. . i i Separation power
fit simultaneously the Waveforms of the leading pads dE/dx 1.5GeV with WF o e SEAK15QOViWER XP - P P

,,,,,,,,,,,, e

| S(e’ | 1) =629 +0. 23 o[ 2
Extract RC, Gain and deposit position/time H i

H

g &

R
&

m u* & e* split by more than 60

i ——vir
RC (ns/mm?)

Nucl.Instrum.Meth.A 1056 (2023) 168534 . S(e*, P,*
= Tracks will not fully cross 4

detectors so the effective

separation power will be lower
S. Joshi WF XP

J.-F. Laporte, S. Hassani




Many tests in recent years Performance (beam test at DESY in 2021)
Beam test at DESY in 2015 (LCTPC, 2 DLC modules) o (
Cosmic-ray test at Saclay in 2017 (T2K) "eg’ﬂ‘@ |18
Beam test at CERN in August 2018 (T2K) b =
Beam test at DESY in November 2018 (LCTPC) p— 135
— —————r— B S ] —_ 1 I |
Cosmic-ray test in Saclay since January 2019 (LCTPC/FCC) i 500 —— 50 mm E 8 ns E —— 50 mm
Beam test at DESY in June 2019 and 2021 (T2K) a —— 550 mm 3 E F —= 550 mm
S | = 0E
Cosmic test at CERN since December 2019 (T2K) g e, 950 mm ] % o F —— 950 mm
Cosmic tests in Saclay during the covid year (T2K) (4-6 modules) % a0 E 2 103 ;
a— = = 1200 3 B 00 -
! g ] = E
g 1000 - = 95 s
» = E a
800 . - 90 £ PO T -
600 t 1 asan B as B f‘i FC
5TPC of 15, 58, 60, 100 PO [ 3 E ==2¢2
and 150 cm length with w8y s E 80 £ L
1000 to 2000 channels wE e p= 5 *
; All with DLC charge o . L ! E wE L L -
i: ~ T ; spreading 0 20 40 60 80 100 0 20 40 60 80 100
0 [deg] 0 [deg]
Overal conclusion : extremely reliable and stable operation

Installation at JPARC

32 (+spares) ERAM modules built at CERN (Rui de Oliveira)

and characterized/tested at CERN

Field cages built in industry in Spain under supervision by T. Lux, G.
Collazuol et al.).

Summary

* In the last 8 years, a new type of TPCs has been designed, constructed
and commissioned. It uses the ERAM technology (Encapsulated
Resistive Anode Micromegas) to spread the charge and protect the
electronics.

TPCs assembled at CERN (gluing stripped kapton and soldering
resistor chains) and transported by plane to JPARC.

Then re-tested on surface and lowered in the T2K pit (T. Lux).
100% operationnal. Excellent gas (system by R. Guida built at CERN

* A lot of progress has been obtained within T2K to understand the
and commissioned by E. Radionici) : 2 ppm O, and 5 ppm H,0

charge spreading, the homogeneity of the gain and RC maps.

* Two new such TPCs have been installed and commissionned at JPARC
in the T2K Near Detector, contributing to a very significant upgrade of
this experiment.

* All this will prove very useful as a preparation for an ILC TPC.

10




Building a Precise TPC Field Cage

State of October 2019

* Challenge of a high-precision TPC field
cage:

* Low material, high HV stability,
high mechanical precision

* Why a new TPC prototype field cage?

* Current field cage built by external
company:
Skewed by about factor 10 too much
— field homogeneity not within specs

* Want to gain more in-house experience
for building the big ILD TPC

* Verifiable material budget
* New workshop at DESY with precision

mandrel for construction including
vacuum bag ready

Large Prototype TPC Field Cage - V2 2 Niorson s

610.4*01

field cage barrel

unnnnmn

Oliver Schafer
Kapton

Copper shielding
SO

Nomex honeycomb

£—GRP (0.3 mm)
~>—TIsolation layer {Kapton)

Field strips

1 nmmmmm

nominal axis|™

T axis |

DESY. The Quest of Building a Precise TPC Fieldcage | Oliver Schafer | LCWS Tokyo July 9" 2024
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Field Cage V2 in 2020

Field Strip Foil

* December: Investigating and fixing resistance mismatch

Field Cage V2 in 2021

Precision Measurement of the Resistor Chain
* Measurement from 16.Sep.2021

* Field strip foil lying on protection foil, temperature sensor and lamp mounted on the table
Resistor Sorting Measurement Log

* Signal runtime measurements (reflectometry) lead to « Observed charge-up as e
find a tiny hole to the mirror strip side well as discharge 00 = - Raw Points
behavior and 0 : S Setionen
* Recorded the growth of that hole by interplay of .

) P A fluctuations =
electrical discharges and thermal decomposition £
(see separate video) i

. Y * Impact of the foil 8
* Carefully “cleaned” hole borders and removed copper beneath?
* Closed by gluing in a polyimide patch * Tried ESD
. " " protection mat
Re-painted conducting pattern on top — didn't work, E 5/ : - e
. N : = —F . - + stipsnextto | 5
* Resistance after repair roughly as expected resistance too low = T O z i : et |y
* Impact of mounted lamp & : E —— L |
" December 16" "We stay at home rule andtompsensor? | wRE mer wRr  whr w = e
) Time (UTC)
* HV test of the repaired place planned
DESY. The Quest of Building a Precise TPC Fieldcage | Oliver Schéfer | LCWS Tokyo July 9" 2024 Page 12
* Final gluing delayed, no activity in workshop since
Field Cage V2 in 2021 Field Cage V2 in 2022
Precision Measurement of the Resistor Chain Picking up from Collaboration Meeting 2022
. . . . ) . . . w Resistor Sorting Measurement Log
* All resistors need to be in a bin of 50 Q width to fulfill our requirement on the field homogeneity + Statisis Ponts (srted)
* September:modified the measurement equipment we used to select/sort the resistors before soldering, | | _[Twew pram—
so it can be used on the field strip foil (same Wheatstone bridge design); includes a temperature sensor _ ara e i $
£ Barl P . 5
X . g Emod B dcodn Mo |3 8
* Measurement done with respect to a default resistor H 5o . :
H ) > ]
Going from 1 in steps of 10 up till 201" Boing from 205 in steps of 10 down till 5
+ 153,154 (repaired place) 4nd last 209 v+15.4 153 (repair) + 119,2}5.6 (extremes) and last 1
=, 2022131/2‘ 2022/01/24 2022/01/24 2022/01/24 2022/01/24 2022/01/24 2012/31/24 2022/01/24 2022/01/24
Time (UTC)
* Remeasured on 24" January 2022: all strips sufficiently within specs
* Assumption: epoxy resin took that long to fully cure and for moisture trapped in bubbles to diffuse out
— Proceed with high voltage test
DESY. The Quest of Building a Precise TPC Fieldcage | Oliver Schafer | LCWS Tokyo July 9* 2024 Page 16

DESY. The Quest of Building a Precise TPC Fieldcage | Oliver Schafer | LCWS Tokyo July 9" 2024

Page 11
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High Granularity TPC for Tera-Z at CEPC

Track detector system in CEPC Phy.&Det. TDR

The track detector system’s geometry finalized.
*  All of physics simulation used the updated geometries for CEPC TDR document
 Pixelated readout TPC as the main track (MTK) from radius of 0.6m to 1.8m

R (m) cos0 /degree
.-0.85/31.8
OTk /
18
o
® 098117
099/8.1

0 29 z(m)
Geometry of the track detector system in CEPC TDR

#1. Material budget at endcape/barrel Carbon Fibber

* Consideration of new Carbon Fiber barrel instead of the honeycomb barrel
* Ultra-light material of the TPC barrel : 0.63% X, in total, including
* FEA preliminary calculation: 0.2mm carbon fibber barrel can tolerant of LGAD OTK (100Kg)

 Optimization of the connection back frame of the endcap (on going)
Material budget of TPC barrel

Shen | siem i |
Copper shielding 0,001 145 007
CF outer barrel 0.020 25.28 0.08
Mirror strips. 0.003 135 0.19
Polyimidesubstrate 0005 3265 002
0.003 135 0.19

o 0020

Sum of the material budget

Huirong Qi

Pixelated readout TPC technology for CEPC TDR

A pixelated readout TPC is a good option to provide realistic physics requirements of Higgs Physical
and Tera-Z Physics also (2E36) at CEPC.

+ Pixelated readout-> better resolution = low gain = less distortion
Highlights of Pixelated readout TPC technology for CEPC TDR

+ Can deal with high rates (MHz/cm?)

 High spatial resolution = better momentum resolution

» PID: dE/dx + dN/dx (In space)

* Excellent two tracks separation frek nfhigh

energetic particle

ROIC

Interposer PCB

MPGD

pillars

\readout pads

Low voxel occupancy : 1E-5 to 1E-6 (cite#2)

At 2 E36 with Physics event only, even bunch distribution(cite#3).

Pixelated readout much LOWER inner most occupancy (0.6m inner radius)
Pixelated readout can easily handle a high hits rate at Z pole. ( cite#4)

The data at the inner radius @40M BX Z pole@1 Module ~0.05Gbps(Maximum).

Prototype setup to verify power, spatial
resolution, and distorfion folerances



High Granularity TPC for Tera-Z at CEPC

Full simulation framework of pixelated TPC developed using Garfied++ and Geant4 at IHEP
Investigating the n/k separation power using reconstructed clusters, a 3¢ separation at 20GeV with
50cm drift length can be achieved

dN/dx has significant potential for improving PID resolution

S _lna—ug|
p gptop +op
field cage amplification gap
— -8 2
—————————— T — n :
!I'ﬁ-m . pe s : 4 Truth 4 Truth
dfiwicn ~o— 500 umx500 um pad for dNdx Reconstruction 7 ~#= 500 umx500 m pad for dNdx Reconstruction
ionization ift & diffimion : i : 10 ~— 6 mm pad for dE/dx Reconstruction ~¢~ 6 mm pad for dE/dx Reconstruction
0, 0z |l 5 ™ 6
! x " = % b 1.2m Tracklength
: | It & F5-L
I 1IN H S T~
: " 1K .’ 5 -—
| drift vél € £ T———
e e | £ L L T =
— ]
: electrig field Ihadoul pads “ i 5 é 3
N I \ \ #
! : I ) } ¢! M
| I : \ \ Biq 2
1 ! \ ' | G S L T S SN
Ao Yo Signal Hit Detecuon & 2
I Amplification dN/dx 1
onizaion M) Trznsport M) Amp » Generation " Clustering od ( 1.2m Tracklength
Garfield++ . 0 L y
: ; 2 - . " i
Simulation/Digitization Reconstruction 0 o Monmentum [GeV/c
Monmentum |GeV/e|
Cite#5 DOI: 10.22323/1.449.0553 ) ) ]
Cite#6 EPS-HEP 2023 talk by Yue Chang Simulation of TPC detector under 3T/2T and T2K mixture gas
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Drift Chamber for IDEA at FCC-ee

Nicola De Filippis

Design features of the IDEA Drift Chamber

|
For the purpose of tracking and ID at low and medium momenta mostly for heavy flavour and
Higgs decays, the IDEA drift chamber is designed to cope with:

» transparency against multiple scattering, more relevant than asymptotic resolution

» a high precision momentum measurement

» an excellent particle identification and separation

IDEA: Material vs. cos(6) cp‘/pt
- 0.005-
30| I Beam Pipe E ack angk 20 009 Particle momentum range far from the
[ Vertex silicon 000457  |---- IDEA asymptotic limit where MS is negligible
>€ [~ Drift chamber E IDEA No Si wrapper
< 25| Silicon wrapper 0.004 o g
9 E — only - A[‘1" _ l‘lnmpr\/T
r - pr " T 03BLZ VN5

200

F = Alrr‘ _ 0.0136GeV/c dror
7 pr ™ ¥ T038BoLy V Xosind
Drasal, Riegler, https://doi.org/10.1016/j.nima.
2018.08.078

-~ 5% Xy-barrel
B < 15% Xy -forward

L i I L L
100
0 01 02 03 04 05 06 07 08 09 1 pt (GeV)

Challenges for large-volume drift chambers

2 2 A= linear charge density (gas gain)

Electrostatic stability condition: —— — < wire tension < YTS - rr2, | L=wirelength, r wire radius, w = drift cell width
4mew? W | 7= wire materialyield strength

The proposed drift chambers for FCC-ee and CEPC have lengths L =4 m and plan to exploit the
cluster counting technique, which requires gas gains ~5x10°.
This poses serious constraints on the drift cell width (w) and on the wire material (YTS).

= new wire material studies

Non-flammable gas / recirculating gas systems
Safety requirements (ATEX) demands stringent limitations on flammable gases;
Continuous increase of noble gases cost

= gas studies

Data throughput
Large number of channels, high signal sampling rate, long drift times (slow drift velocity), required for
cluster counting, and high physics trigger rate (Z,-pole at FCC-ee) imply data transfer rates in excess

of ~1TB/s

New wiring systems for high granularities /
/ new end-plates / new materials

» inner radius R, = 0.35m, outer radius R, = 2m
> length L = 4m > 343968 wires in total:
» drift length ~1 cm
» drift time ~150ns

sense vires: 20 um diameter W(Au) = > 56448 wires
field wires: 40 pm diameter Al(Ag) = > 229056 wires
f.and g. wires: 50 um diameter Al(Ag) => 58464 wires




Drift Chamber for IDEA at FCC-ee

2025 full-length prototype: Goals

L
» Check the limits of the wires’ electrostatic stability at full length and at nominal stereo angles

» Test different wires: uncoated Al, C monofilaments, Mo sense wires, ..., of different diameters
o Test different wire anchoring procedures (soldering, welding, gluing, crimping, ...) to the wire PCBs
o Test different materials and production procedures for spokes, stays, support structures and spacers
o Test compatibility of proposed materials with drift chamber operation (outgassing, aging, creeping, ...)

» Validate the concept of the wire tension recovery scheme with respect to the tolerances on the wire
positions
o Optimize the layout of the wires’ PCBs (sense, field and guard), according to the wire anchoring
procedures, with aim at minimizing the end-plate total material budget

» Starting from the new concepts implemented in the MEG2 CDCH robot, optimize the wiring strategy,
by taking into account the 4m long wires arranged in multi-wire layers

» Define and validate the assembly scheme (with respect to mechanical tolerances) of the multi-wire
layers on the end plates
o Define the front-end cards channel multiplicity and their location (cooling system necessary?)

» Optimize the High Voltage and signal distribution (cables and connectors)

» Test performance of different versions of front-end, digitization and acquisition chain

TOTAL LAYERS: 8
Sense wires: 168
Field wires: 965

Guard wires: 264

Readout channels: 8+8 + 16+16+16+16 + 16+16 = 112

2025 full-length m Coverage

z=-20m z= z=+20m

PCBoards wire layers: 42
Sense wire boards: 8
Field wire boards: 22
Guard wire boards: 12
HV values: 14

— |

ELECTRONICS COVERAGE

7% Minimum stereo angle: 50 mrad i

Maximum stereo angle: 250 mrad

2021/2022 beam test results: performance plots

| Sense Wire Diameter 15 um; Cell Size 1.0 cm
= Several algorithms developed for electron Track Angle 45; Sampling rate 2 GSa/s
peak ﬁnding: Gas Mixture He:IsoB 80/20

v Derivative Algorithm (DERIV)
v and Running Template Algorithm (RTA) 008
v NN-based aporoach (developed by

IHEP) 006

Poissonian distribution for the number of clusters

Volt [V]

R ST S ——

[ e

Electrons found: 29
Expacied Elecrons: 204
Glusters found:

cted cnm-r. 184
TS Ancle:

S ecied Gusrs: 265 Tack g (06 150 b [ 004

—
-
¢
2
S
.

|
100 150 200 250 300 350

400
time [ns]

2021/2022 beam test results: resolutions

Resolution
°
R

dN/dx scan vs track lenght
Resolution

dE/dx Resolution scan vs track
lenght resolution.

~ 2 times improvement in
the resolution using dN/dx
method

Resolution

0.08

+ 0.03

00 250 200 250
Track Length[cm] Track Length[em]




Drift Chamber Cluster Counting for CEPC

Waveform-based simulation

Develop sophisticated software
tools for DC PID simulation

Drifting

Experimental measurement

Transfer Function] [Freq. Response
of Preamplifier | |of Noise Events|

& Diffusion

r,
i,

T IFFT

Amplitude

Amplification
Pulse template

Tonizations
(electrons)

|
i
|
Analog AID Nolse Digital
Preamplifier Generator [~ | Waveform

|
o Digitization |

Simulation

DC cell Induced signal

| o

Preamplifier

Waveform

l

! .

1 I
f

Tuned MC is
comparable to data |-

| s,\mulauon“"'J

= F Testbeam |

Guang Zhao

i Primary electrons (MC truth)

Step 1

® Detected electrons

Amplitude (a.u.)

°

—— Secondary electrons (MC truth)

i

Index

600

Primary electrons (MC truth)
~—— Secondary electrons (MC truth)
©  Detected electrons
* Removed electrons

Step 2

Amplitude (a.u.)

i

Index

arXiv: 2402.16493

dN/dx reconstruction with supervised learning

Reconstruction task: Determine the number of
primary electrons in the waveform

2-step machine learning algorithm:
¢ Peak finding by LSTM:
* Detect peaks from both primary and
secondary electrons
¢ Clusterization by DGCNN:
* Remove secondary electrons from the
detected peaks in step 1

PID performances with supervised models

Detected primary electrons from a waveform

[ Primary electrons (MC truth)
& —— Secondary electrons (MC truth)
 Detected primary electrons

mm%w

Index

Amplitude (a.u.)

m

Reconstructed # of clusters distributions

A LLL A

The reconstructed n, distributions
are very well Gaussian-like

[AEER]

Resolution

dN/dx resolution

0.029
\ —+— Pion
—+— Kaon
noze N —— Pion Truth
R —+ Kaon truth
0.027 e —
0.025
0.024 1.2m track length
0.023
0022 \—‘
6 8 10 12 14 16 18 20

Momentum (GeV/c)

dN/dx resolutions for high momenta
pions/kaons are < 3%, which are
much better than typical dE/dx ~5%
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Drift Chamber Cluster Counting for CEPC

Test beam with detector prototype (IHEP)

~1.3 GeVe-

Scintillator

* Two drift tubes + preamps + ADC (1GHz)

* The system was tested with electron
beam at IHEP

Drift tubes (©32)

Scintillator

Electron beam  High bandwidth current
sensitive preamplifiers
based on LMH6629 have
been designed and
developed

dN/dx reconstruction with domain adaptation

300, 109208 (2024)

C Physics Communi

min lz L (y.‘.‘f(a(f,))) s

Loss for labeled
samples in target
domain (THIS WORK)

. : : : a (degree)
Semi-supervised domain adaptation

ML algorithm is stable w.r.t. track length

Derivative Semi-DeeplDOT

Can find many fake .
[~ peaks near the valley ]

Single-waveform results between ;..
derivative alg. and DL alg. E

Scale wirt.
aeklength

ML algorithm is more powerful to discriminate signals and noises

Typical collected waveforms

* He:iC,H,,=90:10
« Digitizer: DT5751
« Sampling rate: 1GHz

* Four channels, two for scintillators,
two for drift tubes

Amp

ATrigger signals (blue and green)

1000~ / signal waveform from T1 (red)

00k /" _~Signal waveform from T2(pink )
A
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Amp

E » Trigger signals (blue and green)
mi " signal waveform (red)
e
eoo_— W 1 /'f', H //"‘rf ( / j /”\M’FW 1
F ‘h
700~ “ '{ [ 1Y
aan:— ' ‘ N
500:—
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* Clear electron peaks: ~ns risetime

L
1600
(ns)

Summary

u R & D progress of the CEPC drift chamber
m PID performance: >30 K/mt separation at 20 GeV/c for 1.2 m track length

m dN/dx reconstruction with deep learning shows promising performance for simulation
and testbeam data

m Fast electronics is under development. Preliminary analysis with the testbeam validates
the electronics and the feasibility of dN/dx measurement

= Preliminary mechanical design and FEA show a stable structure
® Global electronics scheme is reasonable

= Fine detector optimization
m Optimize deep learning algorithm and FPGA implementation
® Prototyping and testing with full-length cells (mechanics, manufacturing, testing)
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CLD Tracking Performance

CLD* detector concept at FCCee

Gaelle Sadowski

® Consolidated option based on the detector design developed for CLIC detector
» All silicon vertex detector and tracker
» 3D-imaging highly-granular calorimeter system
» Coil outside calorimeter system
> Resistive plate chambers muons detector

CLD tracker geometry ® Vertex Detector with 3 um spatial resolution pixels

» larger material budget

» No space for PID?

?Particle identification detector

® Inner and Outer Silicon Tracker, mostly 50 um pitch strips

» 3 short and 3 long barrel layers, 7 inner and 4 outer endcaps

» 200 pum Silicon thickness, 50 um x 0.3 mm cell size, 7 um x
90 um single point resolution (except first inner tracker disk, 5

x 5 um?)

® Tracking optimisation with full silicon tracker

More details on CLD ol v04

rate

Effect of shortened vertex detector and Beam Pipe material budget

Beam Pipe and Vertex geometry

FCC-ee

10*

o(ad,) [am]

o

A 2

©

o

AMABEARRASASARS s
Single i° 3
Op=1GeV,CLD_o1_v4 |

b =106V, 6L 02 v5 |
/p =100GeV, CLD_o1_v4|
Ap=100GeV, CLD_o2_v5

©

LI -

¥ & &

> me [

L
.
= .
i

*
L
0

® |mprovement of the dy resolution in the new

oF

S

W wel

A,
5

8060
6 [deg]

=
S
S = ef

geometry (02 v05)

» Smaller vertex radius compensates fully for the
increased material budget in beam pipe

CLD 01 v04: BeamPipe material 100 % Be, BeamPipe radius = 15 mm

CLD ol v04 (nominal geometry)

® Beam Pipe radius: 15 mm
® Beam Pipe material: Beryllium
® Beam Pipe thickness: 1.2 mm + 5 ym gold
® X/X0 =0.45 %
CLD_o02_ v05
® Beam Pipe radius: 10 mm
® Beam Pipe material: AlBeMet 0.35 mm
+ paraffin 1 mm + AlBeMet 0.35 mm
® Beam Pipe thickness: 1.7 mm + 5 pum gold
® X/X0 = 0.61 % = + 33 % material budget

Vertex Barrel  nm] R; Ry R3 L

ol_v04 175 37 57 125
02_v05 130 35 57 109

CLD:O2iv05: BeamPipe material AIBeMet + paraffin, BeamPipe radius = 10 mm

» robust technology
» high single point resolution

» tune to sustain higher particle
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CLD Tracking Performance

CLD with PID

Tracker geometry — CLD_02_v05 & CLD_o03_v01 = RICH* and adapted trackers

CLD detector

— Need space

Outer Tracker Barrel [mm] R Ry R3
02_v05 1000 1568 2136
03_v01 1000 1446.8 1849.2
Outer Tracker Endcap [nm]  Z 4l Z> Z3
02_v05 1310 1617 1883 2190
o3 _v01 1310 1547 1752 1990

Outer tracker barrel and endcap were shrunk

CLD_03_v01: CLD_02_v05 with shrunk Outer Tracker + PID detector
*10.1016/j.nima.2019.02.009 (use Cherenkov radiation)

Y L
d,y z

doi.org/10.1016/j.nima.2018.08.078

2 3 4

Adglres = 30r¢ 8rg 28r5 N 40rg . 20ry
VN+5 Lo 2 3 1}
Apt

lhes = 120.pp7 | 5
pT " 03ByLZ | N+5

= lever arm reduced by 10 %
= pr res should degrade by ~20%

CLD with PID

Tracker geometry — CLD 02 v05 & CLD_o03_v01
® /1 resolution depend mainly on lever arm

® Differences observed are compatible with analytic formula =~ 15 %

® For 0 = 50 °: transition Barrel / Endcap

Tracking resolution

Effect of magnetic field

® Magnetic field of 2 T is imposed for Z peak (/s = 91 GeV)

® 2 T to 3 T (without any consideration of whether it is possible)increase
the loss of pt resolution caused by the shrunk tracker

pT

resolution and compensate

10.FCC-ee FCC-ee
— 10 — 10
3 3
O, 1 [©] 1
B0 g0t
o R, ok \
s : g
g B o 2 g B =
© 00 8 ' 4 © oqotp ¢

2l

R

aF

10
momentum [GeV]

CLD: magnetic field =2 T

107
momentum [GeV]
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Summary

e Impressive progress in simulation, detector R&D, and
building and testing prototypes to verify the functionality of
various vertex and tracking technologies, as well as readout

systems and ASICs

e Tracking, Vertex, and Timing Detector requirements

continue to evolve as physics studies advance
o particle ID both at low and high momentum: Timing layers,
cluster counting and dE/dx, impact of RICH on tracker design

o Long lived particles, kinks, ...
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