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Machine luminosity at e+e- colliders

. :
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1? | ~100 kHz of physics data at the Z pole
107 10°
Vs [GeV] £y Phys. J. Special Topics volume 228, pages 2611 623 (2019)
Phase Run duration | Center-of-mass Integrated Everl | rooreid iom
(years) Energies (GeV) | Luminosity (ab™ ") Stafistics | FCCCDR
FCC-ee-Z - 88-95 +<100keV 150 3 x 10 visible Z decays | |gp * 105
FCC-ee-W 2 158-162 <200Kev 12 10° WW events | LEP * 2.103
FCC-ee-H 3 240 £2Mev 5 10° ZH events Never done
FCC-ee-tt 5 345-365 +5Mev 1.5 10° tT events | Never done
s channel H | ? _ 125  :2Mev | 10? _ 5000 events | Never done




Requirements of tracking system for an experiment at

a leptonic collider
.

Central tracker system:

U state-of-the-art momentum and angular resolution for charged particles;

U B field Iimited to a@a 2 T to contai
racking radius needed to improve momentum resolution.

U High transparency required given typical momenta in Z, H decays (far form
the asymptotic limit where the Multiple Scattering contribution is
negligible).

U Particle ID is a valuable additional ability.

Vertexing
U excellent b- and c-tagging capabilities : few T mprecision for charged

particle origin;
U small pitch, thin layers, limited cooling, first layer as close as possible to IP.
Challenges:

U Physics event rates up to 100 kHz (at Z pole) A  strong requirements on
sub-detectors and DAQ systems
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Detector concepts for experiments at FCGee

IDEA

Instrumented return yoke

Double Readout Calorimeter

27T coil

Ultra-light Tracker

MAPS

11m

\ LumiCal

Pre-shower counters

< 13m >
* A bit less established design
e Butstill “15y history
e Sivtx detector; ultra light drift chamber w
powerful PID; compact, light coil;
¢ Monolithic dual readout calorimeter;
* Possibly augmented by crystal ECAL
* Muon system
* Very active community
* Prototype designs, test beam
campaigns, ...

—— 10i6'm >
*  Well established design
* |ILC -> CLIC detector -> CLD
e Full Si vtx + tracker;
*  CALICE-like calorimetry;
* Large coil, muon system
* Engineering still needed for operation with
continuous beam (no power pulsing)
* Cooling of Si-sensors & calorimeters
* Possible detector optimizations
" O'p/p, OE/E
* PID (O(10 ps) timing and/or RICH)?

Noble Liquid ECAL based

new

dedpul WOH
10m/2

19%8e) vonpwy

12m/2

A design in its infancy
Si vtx det., ultra light drift chamber (or Si)
High granularity Noble Liquid ECAL as core

*  Pb/W+LAr (or denser W+LKr)
CALICE-like or TileCal-like HCAL;
Coil inside same cryostat as LAr, outside ECAL
Muon system.
Very active Noble Liquid R&D team

* Readout electrodes, feed-throughs,

electronics, light cryostat, ...
* Software & performance studies

FCC-ee CDR: https://link.springer.com/article/10.1140/epjst/e2019-900045-4
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Innovative Detector for

The IDEA detector at e*e™ colliders (1)

IDEA consists of:

A
A

A

a silicon pixel vertex detector

a large-volume extremely-
light drift chamber

surrounded by a layer of
silicon micro-strip detectors

a thin low-mass

superconducting solenoid coil—

Detector height 1100 cm

a preshower detector based
on mWELL technology

a dual read-out calorimeter

muon chambers inside the
magnet return yoke, based
on mWELL technology

Yoke 100 cm

E+e - Accelerator

Preshower

_DCH Rout =200 cm

DCHRin = 35cm

CalRin = 250 cm

Cal Rout= 450 cm

>
>

) Magnet z=+ 300 cm

Low field detector solenoid to maximize luminosity (to contain the vertical emittance at Z pole).

A

optimizedat2 T

A large tracking radius needed to recover momentum resolution




Vertex detector

Technology: Depleted Monolithic Active PlerSensors(DMAPS)

U 25 x 25mm? pixel size for hit resolution ~ 3 mm

5 mm shown by ALICE ITS (30 mm pixels)
prototype with thickness ~ 200 mm down to 50nmm
matrix 512x512

low power consumption (< 20 mW/cm?)

cC:CcC

Tests of different design options:
A IV and CV measurements of test-structures from the first and

second production run: proven functionality, stable operation at

full depletion, and good agreement with TCAD simulations

ARCADIA 1st run
Wafer#20 PM50 layoutlA
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Silicon medium and outer tracker KIT+UK+IHEP+INFN

.
ATLASPIX3modules: a full-size system on chip, targeting the medium and outer tracker
i quad module, inspired by ATLASITk pixels
i pixel size 50x 150 T m? (25x 165 T m? small size prototypes delivered)
i reticle size 20x 21 mm?
i TSI 180 nm process on 200 ncm substrate
i 132 columns of 372 pixels

7 metal layers _ power supply voltage

N
I
I

I shield

signal layers

Power consumption:
U ATLASPIX3 power consumption 150mW/cm?

U 600mwW/ chip 2.4 W/ mod:! — h
power 130 kW | | ’ | e |

(i additional power for on detector aggregation . s TAL
and de-randomizations ~2W/link E— T T T

Complete system consists of 900'000 cn? area / 4 cm? chip = 225k chips (56k quad -modules):
U aggregation of several modules for data and services distribution is essential

U inner tracker will be 5-10% of this

See 4, A
Data rate constrained by the inner tracker:

ndreazZa ¢
U average rate 104 - 108 particles cm2 event! at Z peak alk for det-;
assuming 2 hits/particle, 96 bits/hit for ATLASPIX3 ta’/S
640 Mbps link/quad-module (assuming local module aggregation) provides ample operational margin
16 modules can be arranged into 10 Gbps fast links. 3.5k links

can also assume 100 Gbps links will be available:350 links

cC:ccoCc



Design features of the IDEA Drift Chamber

s |INFN Bari and Lecce, IHEP + contributions from UCL, NWU and FSLU

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:
U transparency against multiple scattering, more relevant than asymptotic resolution

U a high precision momentum measurement

U an excellent particle identification and separation Particle momentum range far from the
asymptotic limit where MS is negligible
IDEA: Material vs. cos(0) Gp[/pt sor 120,‘“)7”\/?
- F IDEA
o | Vertexsilicon 0.0045 - IDEA ApTI 0.0136 GeV /c \/T
§ F - IDEA No Si wrapper — \lm.s. =~ O.
>§ o5 |:| g'}lft chamber 0004} . CLD Pr 0.3 By Lyg Xo sinf
X I Silicon wrapper - ~ -~ CLDMS only
r E Drasal, Riegler, https://doi.org/10.1016/j.nima.
B 0.0035 ; 2018.08.078
20— n
- 0.003[-
-~ 5% X,- barrel i
15; 0.002576/—7/
- < 15% X,-forward g
- 0.0021—
101 0.0015
B 0.001F
52 o
0.0005}—
0 O: | | | | 1 | | ‘ | 1 | | I | 1 | | | | | |
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The Drift Chamber

. -
e 0.20 B (T nciued)
The DCHis: o) S i
. . . . 0.016 X,
U aunique-volume, high granularity, fully stereo, low-mass 1 —
} ) 0.050 X, slesro i
cylindrical o 7 _—
ayers o
o . (o) _ 1 (o) 12-15 mm cell width
U gas: He 90% - iCH;; 10% — @ —
U inner radius R,, = 0.35m, outer radius R,; = 2m zaxls
U |ength L=4m 0.016 X, 540,000 wires tracking efficiency
B . to barrel calorimeter (0.0008+0.0007 X,/m) e=1
o dritlength =1 em O A T I Al i
U drift time ~150ns
U s, <100 mm, s, <1 mm 2=200m
U 12+14.5 mm wide square cells, 5: 1 field to sensewires ratio
U 112 co-axial layers, at alternating-sign stereo angles, arranged

in 24 identical azimuthal sectors, with frontend electronics
U 343968 wires in total:
sensevires: 20 nm diameter W(Au) => 56448 wires

field wires: 40 mm diameter Al(Ag) => 229056 wires
f.and g. wires: 50 nm diameter Al(Ag) => 58464 wires

U the wire net created by the combination of + and 7
orientation generates a more uniform equipotential surface
A Dbetter E-field isotropy and smaller ExBasymmetries )

U alarge number of wires requires a non standard wiring procedure and needs a feed-through-less wiring
system A a novel wiring procedure developed for the construction of the ultra-light MEGII drift chamber



The Drift Chamber. Cluster Counting/Timing and PID

Principle: In He based gas mixtures the signals from each ionization act can be spread in time to few ns. With the

help of afast read-out electronics they can be identified efficiently.

U By counting the number of ionization acts per unit length (dN/dx), it is possible to identify the particles (Pld.)

with a better resolution w.r.t the dE/dx method.
2 cm drlft tube Track angle 45°

DERIV

drift tube V ciusters

WV Elecirons

sense

wire e e,

Acollect signal and identify peaks

Arecord the time of arrival of
electrons generated in every
ionisation cluster

Areconstruct the trajectory at the
most likely position

U Landau distribution of dE/dx originated by the mixing of primary and secondary ionizations, has
large fluctuations and limits separation power of PID A primary ionization is a Poissonprocess has

small fluctuations

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

dE/dx : truncated mean cut (70-80%), with a 2m track dN/dx .for He/iC4H,,=90/10 and a?2m track
at 1 atm givel & 4.3% gives Ugnejax /( AN /dX) < 2.0%
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The Drift Chamber. Cluster Counting/Timing and PID

o Analitic calculations: ExpectedexcellentK/p
separation over the entire range except
0.85<p<1.05 GeV (blue lines)

¢ Simulation with Garfield++ and with the Garfield
model ported in GEANT4:

o the particle separation, both with dE/dx and
with dNg/dx, in GEANT4 found considerably
worse than in Garfield

o the dNg/dx Fermi plateau with respectto

Particle Separation (dE/dx vs dN/dx) Analitic

dE/dx is reached at lower values of a Awith a ,
steeper slope 455

o finding answers by using real data from beam - |, & 4

tests at CERN in 2021 and 2022, and 2024

SeeW. Elmetenawee talk for details .
, e 90%He-10%iC4H1o
‘ e nominal HV+20, 45°,
Gas gain ~ 2 - 105,

LN icalculations
dN/ dx L e/}&
175
dE/dX — K/Tl'
K/p
/::%\\
R — e

p [GeVic]

- — 165 GeV/c
-~

$ \Y \\ N Cluster Peaks found - Ch 8

\\\ 'Y ,_-v- N\ 5..44; L / i o : a— e =
outlet gag N ‘ - 0 o/vp =1.02 Z::»é” :?a,’%
manifold _,g-“' Ny : Wl 100% Ei".:"" itm

‘ l v manifold E €= A ma 4303+
; IL

|gnal cale upstream =gy Expeoted Clustors: 175
(40 cm) \‘ t"gger tile E Alpha angle (deg): 45.0
g T ) " ¢ e i N:{o
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A Poissonianbehaviour
of the number of clusrers

AMeaurements vs
predictions about the
number of clusters are in
very good agreement

ASameresults in
independent drift tubes




Data reduction and pre-processing of drift chamber signals

Issue: with about 60000 drift cells, assuming to digitise the signal at 12 bits and 2 GS/s, a throughput of about
1 Tb/s is hardly sustainable by modern equipment A is necessary to transfer all the data.
A with the cluster counting algorithms, by transferring only time and amplitude of each electron peak,
these rates are reduced to about 60 Gb/s, resulting in a data reduction factor of more than one order
of magnitude.

A Applying the cluster counting technique on FPGAs in real time has two main objectives:
1. reduce transferred data
2. reduce stored information

A A secondary advantage that allows us to reduce CPU usage during data analysis as the waveforms have
already been analyzed in real time, saving only the necessary information

The objective of the new project is to implement, on a single FPGA, cluster counting algorithms for the parallel
preprocessing of as many channels as possible in order to reduce the costs and complexity of the system and
gain flexibility in determining the proximity correlations between hit cells for track segment search and for
triggering purposes.

A For this purpose a card with multichannel reading is
under development, testing different digitizers: ;
A TEXAS INSTRUMENTS ADC32RF45 A —— !
implementation of cluster counting almost complete | .,
A CAEN digitzer
A NALU SCIENTIFIC ASoCv3 A test with native
acquisition program and then implementation of the
cluster counting

M.Abbrescia 12



Silicon wrapper INFN Genova

R Particle Separation (dE/dx vs dN/dx)

In IDEA concept, tracking and PID provided 2
by the DCH (+ VTX + medium and outer T) R
o ;.
0 Silicon wrapper for precise polar angle measurement ~ -
U Good K-p separation from dE/dx exceptfor p ~ 1 GeV 4]
Baseline: ATLASPIX3modules BUT T N ——
LGAD(Low-Gain Avalanche Diodes)with RSD(Resistive * o R o e
Silicon Detectors) technology are a possible option: . Momentum [GeV/c]
DC contact
U TOF with excellent time resolution i ACpadnl ACpadn2 AC padn.3 ,
™ coupling
U Position from pixel-like geometry or charge sharing RSD resistive n* p*-gain oxide
resistive-layer design p-Si
RSD2 crosses: spatial and temporal resolutions \P++
50 . when total AC amplitude = 60 mV (gain = 30) 50
ol I Reconstructiorof the position from thesignal
£ “vroeee @-rcsmemcommmmoomooiet® P& distribution betweencontiguouselectrodes
30| K
5 ¢ Needto showthat LGADcouldbe produced
fng . 12 with acceptablecost
‘E a7 L m Spatial resolution g
o 10 n-- o Temporal resolution 1107 u TeChnOIngevelopedby INFN Turlgroup,
0 : : : : - : 0 production byFBK
o U Externalfundingalso(ERC, PRIN)



Muon detectors for IDEA: guiding principles

N INFN Frascati, Ferrara, CERN

Future colliders experiments require extremely large muon detectors :

U ~10000 m2in the barrel
U 3-5000 m2in the endcap
U 300 m2in the very forward region

PRESHOWERequirements: MUON CHAMBER&quirements:

U high-spatial-resolution layer between magnet || U low particle rate
and calorimeter U rough resolution to detect muons behind
the calorimeter

U with higher resolution could help
detecting secondary vertices from Long-

U charge measurement to help discriminating
the electromagnetic nature of the clusters

U barrel + two endcaps Lived Particles decaying into muons
V Efficiency > 98% V Efficiency > 98%

V SpaceResolution< 100 nm V SpaceResolution < 400 mm

V Pitch =~400 mm V Pitch =~1.5 mm

V Strip capacitance ~70 pF V Strip capacitance ~270 pF

V 1.5 million channels V ~5 million channels

V FEE costreduction d > custom ASIC V FEE costreduction d > custom ASIC
V Arranged in tiles 50x50 cm? V Arranged in tiles 50x50 cm?

V Mass productiond > T.T. V Mass productiond > T.T.




The mMRWELL detector schema

.
R&D on yu-RWELL technology mainly motivated by the wish of improving:

V the stability under heavy irradiation (discharge suppression)
V  the construction technology (simplifying the assembly)
V  the technology transfer to industry (mass production)

The T-RWELLIs a Micro Pattern Gaseous Detector (MPGD) composed of only two elements:
the T-RWELL_PCBand the cathode.

Cathode PCB Top copper layer
ey
Copper 5 pm
» ( o > kapton™
+

kapton

Resistive foil (p)
—_——

: . _ ‘ Pre-preg — ! I
2L aene Pags — o T W WL
p~10+100 MQ/O

NOT IN SCALE

S
o * Applying a suitable voltage between the top Cu-layer
Rigid PCB / and the DLC the WELL acts as a multiplication

HERITEE channell for the ionization produced in the
conversion/drift gas gap.

Test beam at CERN
with p-RWELL
prototypes with

A WELL patterned kapton foil acting as
amplification stage (GEMlike)

a resisitive DLClayer (Diamond Like Carbon)
for discharge suppression w/ surface A 40cm long strips

a standard readout PCB - - A 1D readout




MRWELL testbeam results and technology transfer

B
RD-FCC p-RWELL, Efficiency RD-FCC p-RWELL, Residuals
Ar:CO,:CF, 45:15:40 Ar:CO5:CF, 45:15:40
& 1 5 = 7 20p
5 - 7 i v 2180 ® 10 MO
- & b * 40 MO
) = ® 10 MO 3 10 ® 60 MO/
2 08|/ ® 40 MQH ‘2 140 80 MQ/
I o ® 60 MQ/ [ £ o 80 MQ/)
3 07”—/ 80 MQ 120 5N
— A = - b N 4 '
= - ® 80 MQ/ 106 AN | \
06E 80 \
0.5 f— 60?—
E 40 :_. i
04— - '
C 20—
0.3:lll]lllllllllllll]llllllllllllll :lllllllllllllll‘llllll]‘Illllllll
500 520 540 560 580 600 620 640 fefi e b o oM 8k = Mgw f“‘}(i
HV |V . . A
A large eff. pleateau (> 100 V) measured With a pitch 0.4 mm at HV=520 V and with
CL=15 A s <100 um
TeChnOIO IStituto Nazionale IiSIEﬂ.I.IE.EﬂI'E . - . N
gy Responsibility. Responsibility: Responsibility.
transfer with A Detector design A PCB RWELL production A PCB RWELIfinalization
ELTOS/CERN: flow (GERBER); A Cathode production A Hot Electrical Cleaning
chart A Link with ELTOS A DLC+PCB RWELL A Detector closure
A Link with CERNRui coupling
A Quality Control detector
A DLC Machinemanagment

(>2023)
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Simulation and performance of the IDEA tracking system

A full standalone Geant4 (and partially DD4HEP)simulation of the
Silicon Vertex (and Siwrapper), DriftChamber, DR Calorimeter and
Muon Preshower

Transverse Momentum Resolution

ﬂ.b [ [ TTTIT] | DGlH thbLI I IIIII [ lj(pt)/pt(loo GeV)
—— DY Wi A M Consirain _ _
= ——w— DCH+5PX = 3x10-3
o 4 ——a— DCH+SPX+PSHW
—i—— DCH+SPX+PEHW+beamiubeairadiator) H
e & only DCH + svx beam material but n_eW studies
1 0_2 only DCH ongoing
— ]
: R-phi vtx Resolution
E [ -7 |—90deg
z impact parameter :
[ £ || resolution
PO S R N N
10_ .........
1073 -
NSO S 0% WA O B I
ek R B,
10° 1 10 1020 L
Transverse Momentum, GeV/c 1 10 Momentum, GevIS



Summary/ Conclusions

Advanced R&D effort on tracking detectors:
U vertex pixel detector, based on ARCADIA
silicon medium and outer tracker, based on ATLASPIX3
silicon wrapper, based on ATLASPIX3(LGAD underevaluation)
drift chamber design and cluster counting study, sinergy with MEG2
muon chambers, synergy with LHCbupgrades

[ I i e R

Plenty of areas for collaboration:
U detector design, construction, beam test, performance
U local and global reconstruction, full simulation
U physics performance and impact
u etc.

Effort to build international collaboration on going (in some areas well
advanced) and to be enforced

Manpower, funding under continuous discussion
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Machine luminosity for physics at e*e colliders

.
i Higgs factory:
Lom) 103 = [ | | I T = e N\
(7)) - e FCC-ee (21IPs) = A 106 ete Y HZ
o : ® FCC-ee (41Ps) -
g = = ILC (TDR, upgrades) N u EW & TOp faCtOI’y:
% = +  CLIC (CDR, 2022) 7] . .
o 102 —] A 3x1012 ete Y Z
= = =
2 = A 108e+e’ VY VAWV
7] - 5 . .
2 - T A 10%e*e" Y tt
S0 == i — }
5 = ;?::t'ﬁgfzphézcs = U Flavor factory:
~ it (350 GeV) | .
I~ p tt (365 GV) § ] A 5X1012 e+e_ Y bb, CC
B I(:xaooew— A 1011 e+e_ Y + -
nE i l (250 GeV) l | I—E A
100 150 200 250 300 350 400 % i ook 0N -
's [GeV]
Phase Run duration | Center-of-mass Integrated Event LEELEEERL I 1%1@
. olac . . —1. T
(years) Energies (GeV) | Luminosity (ab™ ") I Statistics CRLEP Stat
FCC-ee-Z 4 88-95 150 3 % 1077 visible Z decays é —_—
FCC-ce-W 2 158-162 12 10 WW events 500
FCC-ee-H 3 240 5 10° ZH events
FCC-ee-tt 5 345-365 1.5 10° tT events




Physicsrequirements: Higgs, EWK and Heavy Flavour
.

i | Tracking:

A Momentum resolution for Z recoil (and HA mm)
A Comparatively low momenta involved A transparency is important

A Vertex resolution/transparency to separate g, ¢, b, t final states |[—
i Calorimetry:

A Jet-jet invariant mass resolution to separate W, Z, H in 2 jets
A Good p° ID for t and HF reconstruction —

0 EWK:

A Extreme definition of detector acceptance

A Extreme EM resolution (crystals) under study
A Improved p° reconstruction
A Physics with radiative return

i (Heavy Flavour:
A PID to accurately classify final states and flavor tagging

10108S uosoq sbbiH

InoAe|4 AAeaH pue M3
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The IDEA detector at e*e™ colliders (2)

LEGENDA

drift chamber

g e

drift chamber service area
magnet and iron return yoke
calorimeter

oooo

o 20pm X 20pm (inner barrel layers)
Si pixels 50um x 1mm (outer barrel layers)
50pm x 50pm (forward disks)

Si strips double stereo layer 50pm x 10cm
HRwell double layer 0.4mm x 50cm
HRwell double layer 1.5mm x 50cm
absorber (lead)

luminometer

sJiagueydw /aOA

2s.

__Solenoid col

DCH

steel simulating compensating and shielding solenoids

vacuum tube

10-

0.5+

-l

: el

vertex region zoom =
i

0.5

100 mrad o1t
_ | 10 vix Il —

I__—"—m ; , §
% 0s % a8 = 15 R % 5 %0 0 E , ; y 7’5_

0.5 1.0 15 20 Z.

A Tracking coverage A 150 mrad A No material in front of luminometer
A Calorimetry A 100 mrad

Goals of the IDEA tracking system:
A to preserve the momentum resolution for Z recoil (and HA nm)
A comparatively low momenta involved A transparency is important
A to preserve the vertex resolution/transparency to separate g, ¢, b, t final states



Silicon medium and outer tracker

SeeF Pallatalk
for details

Intermediate Tracker Barrel
At 13 cm radius

22 staves of 8 modules each.

Lightweight reticular support
structure (ALICE/Belle-1l like)

Outer Tracker Barrel
At 31.5 cm radius

51 staves of 16 modules each

Lightweight reticular support
structure (ALICE/Belle-1l like)




