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European Strategy 2020

‘An electron-positron Higgs factory is the highest priority next collider. For the longer
term, the European particle physics community has the ambition to operate a proton-proton
collider at the highest achievable energy.”

“Europe, together with its international partners, should investigate the technical and financial
feasibility of a future hadron collider at CERN with a centre-of-mass energy of at least 100 TeV
and with an electron-positron Higgs and electroweak factory as a possible first stage. Such a
feasibility study of the colliders and related infrastructure should be established as a global
endeavour and be completed on the timescale of the next Strategy update.”

FCC project @ CERN: a new 100 km tunnel in the Geneva

region, for two complementary machines covering the largest

phase space in the high energy frontier:

» extreme precision circular e+e-collider (FCC-ee) with
variable collision energy from 90-360 GeV

> highest energy reach in pp collisions (FCC-hh): 100 TeV

FCC Feasibility Study (FS) launched in 2021: \
U To be carried out in 2021-2025
U Mid-term review in Autumn 2023
O March 2025: documentation submitted to ES committe
N. De Filippis 2
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+ focus on implementation of FCC-ee as first step ; possible pathway to FCC-hh to be decided later

« common civil engineering and technical infrastructures, building on and reusing CERN'’s existing
infrastructure

* highly synergetic and complementary physics programme maximising the physics opportunities

+ FCC-ee project would allow the start of a new, major facility at CERN within a few years of the end
of HL-LHC

Total cost for FCC-ee over ~15 years of about 15 BCHF...
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From feasibility study to project realization
.

HIGH  Uncertainty Level

» Following the positive assessment of
the Feasibility Study and Council
approving the continuation, the FCC
moves towards technical design.

LI
~oo

» Expertise across CERN and from
-\ \ collaboration partners is required to be
i e g able to deliver an integrated technical

Ve ALY rAsiEiLTY P TECHNICAL TP ENGINEERING _ _ .
. DESIC PHASE DESIGN DESIGN & ¢ design, with cost estimate and

CONSTRUCTION

schedule, taking into account project
authorisation processes, societal
acceptance, procurement strategy.

FEASIBILITY

MINIMAL - e
g S e P o

» 2026-2028 Reference Design Phase
« 2029-2032 Technical Design Phase

el -

Reference Design Phase (RDP) objectives:

Increase maturity of technical design (incl. recommendations from feasibility study reviews)

Overall project integration and requirements on civil engineering sufficiently detailed to enable subsequent launch of civil engineering tender design
Overall project design sufficiently detailed to allow advancing with environmental impact and evaluation as core parts of project authorisation processes i
Reducing project risks via:

»  Integrated planning across all domains and interface management

Prototyping of critical systems

Build up cost / performance contingency by design optimization

Civil engineering refinement

Close coordination with Host States on territorial implementation aspects

Reinforcing collaboration as basis for global support for the project

YVVYYV

Aiming for project decision by CERN Council after the Reference Design Phase in 2028



A broad physics program

.
FCC-ee Physics Programme

'mz, [z, N, « o s(mz) with per-mil accuracy i
R, Ars *Quark and gluon fragmentation H |ggS
‘mw, MNw *Clean non-perturbative QCD studies
MHiggs, rHiggs
EW & QCD Higgs couplings
self-coupling
detector hermeticity particle flow
tracking, calorimetry energy resol.
particle ID
o "ws a
direct searches intensity
of light new physics frontier”

e Axion-like particles, dark photons,
Heavy Neutral Leptons
* |long lifetimes - LLPs

flavour factory
(102bb/cc; 1.7x10" 77)

Top

T physics B physics
Mtop, rtop
*Flavour EWPOs (Rp, AFg?©) EW top couplings
e7-based EWPOs ¢CKM matrix,
slept. univ. violation tests *CP violation in neutral B mesons

vertexing, tagging
energy resolution detector req.
hadron identification

momentum resol.

eFlavour anomalies in, e.g., b = szr
tracker
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Physics requirements: Higgs, EWK and Heavy Flavour
.

> | Tracking:

= Momentum resolution for Z recoil (and H>up)
« Comparatively low momenta involved - transparency is important

= Vertex resolution/transparency to separate g, c, b, t final states | [—
» Calorimetry:

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

> EWK: —

= Extreme definition of detector acceptance

= Extreme EM resolution (crystals) under study
 Improved n° reconstruction
* Physics with radiative return

> |Heavy Flavour:
= PID to accurately classify final states and flavor tagging

10303s uosoq sbbiH

1noAe|d AAedH pue YM3
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Tracking and particle identification

N
- Tracks and vertices are the building blocks of collider physics events.
- ldentifying from which particle they originate is key for new physics studies

- Demanding requirements on tracking systems from physics benchmarks

High

momentum

(w/KIp?) B field
Low
momentum
(m/KIp?)

,.:.:;,},-;"".' £ Displaced tracks
Track in jets /////////

Trackers designed to cope with requirements
N. De Filippis Tracking algorithms to fully exploit their capabilities



FCC-ee detector concepts: tracking systems

| Legend: Inner Tracker, Outer Tracker, Wrappers |

W-Si ECAL

Si - Tracker

* Evolved from CLIC detector

« Silicon vertex with 25um
pixels

» Geometry with ALICE ITS

approximation — FCC-
SEED
+ Silicon tracker with 50um
strips
» Sensors plus ASICs or

monolithic structure or
MAPS

* ARC (Array of RICH Cells)

Lightweight with 20cm radial

depth

+ Two radiators (gas +
aerogel)

N. De Filippis

IDEA

r[m]

« Significant changes for

Yoke

DR calorimeter

BARREL up to 45°
{In| =0.88}

Coil ==
— ENDCAP

DCH

=T =
===

ALLEGRO

" afml

» Conceived for FCC-ee
« Silicon vertex tracker
* Quter based on ATLASPIx3

Initial design for ILC

FCC-ee

Silicon Vertex with 50x150um? pixels
« Currently borrowed from * Inner ARCADIA based 25x25
um? pixels

CLD for simulations
TPC as outer tracker
« Studying different layouts

 Quter tracker based on low
mass Drift Chamber

varying the inner Radii + 112layers
Silicon External Tracker for * 4m Long
ToF + momentum « R =35-200cm

resolution -
« Silicon wrapper

« either with MAPS with with
~10" channels!

+ or CMOS-LGADS ~40ps

Muon Tagger

Drift Chamber

+ Newly Conceived project for FCC-
with a noble-liquid calorimeter ee

+ Conceived for FCC-ee, started

+ MAPS tracker following ALICE
ITS3 developments

Tracking system taken from IDEA
« Silicon Vertex with curved or

straight sensors + Vertex curved MAPS 65 nm
. CMOS TPSCo 10x10 pm?
* Outer tracker with pixels

* Extended Drift Chamber + Outer tracker Reticle-size

+ Straw tubes MAPS,

« Scintillating Fiber Tracker » 25x32 mm?to 50x128 mm?
(SciFi) module
+ 5mLong ¢ ARC (Array of RICH Cells)
« R=35-200cm l&g}tr\]/vaght with 20cm radial

« Silicon wrapper
» Monolithic pixel or AC-LGADs

« Two radiators (gas + aerogel)

AGORA experiment at (CEPC/FCC)

Vertex Si Pixels: CMOS MAPS+stitching
Si Pixels: CMOS MAPS 55-nm

Inner tracker (ITK)

Gas detector TPC with high granularity

Outer tracker (OTK) AC-LGAD — TOF




Strategy for detector requirement studies
.

Some benchmark analyses are chosen to study

» the dependence of their sensitivity on some aspects of the detector performance

Higgs mass from recoil in Z->puu
LFV Z->tu

e*e” 2uu(y) at the Z and above
Exotic Higgs to LLP pairs
K2t

B->k'tt

Flavor tagging and H->cc

T lifetime

LLP signatures

----- neutral HSCP displaced W BSM

— Charged
~—— any charge

dilepton M lepton
M quark

photon
W anything

displaced

disappearing i
epton

track

vl
. CRSY
""""""
-
.

¥ L . ~9
y « | ol
7 — 'y

x 4 0‘

. T . -

” =% X « .

displaced e X ’~.. displaced
dijet ! ‘s, photon
ije = "

v not pictured:

¥ displaced out-of-time decays
conversion

displaced
vertex

Higgs couplings to heavy flavour: bottom and charm

rely on Delphes with baseline card on the IDEA detector performance
analysis tools able to provide variations of resolutions to study dependence or

precision or sensitivity

N. B. Some studies done for the FS could be obsolete and not updated with recent progress on detector concepts

N. De Filippis
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Strategy for detector requirement studies
.

High precision in detection and measurements of charged particles demands:

» the precise measurement of the track momentum and of the track angles
= the reconstruction of far displaced vertices
= properties mostly related to the large volume, main tracker

= the determination of the track impact parameters
= mostly related to the vertex detector

N.B. Need of a superb control of the systematic uncertainties - put considerable
demands on the acceptance, construction quality and stability of the detectors

N. De Filippis 10



Requirement from momentum measurement

N. De Filippis "



Outer tracker: Drift Chamber (IDEA)

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

The IDEA DCH (inspired by MEG2 DCH) is:

a unique-volume, high granularity, fully stereo, low-mass cylindrical
gas: He 90% - iC4H19 10%

inner radius R;, = 0.35m, outer radius R,;; = 2m

length L = 4m

drift length ~1 cm, drift time up to 400ns

Gyy < 100 pm, 6, < 1 mm

12+14.5 mm wide square cells, 5 : 1 field to sense wires ratio

112 co-axial layers (grouped in 14 superlayers of 8 layers), at
alternating-sign stereo angles, in 24 azimuthal sectors

YV V VYV V VYV

sense vires: 20 um diameter W(Au) = > 56448 wires
343968 wires in total: field wires: 40 um diameter Al(Ag) = > 229056 wires
f. and g. wires: 50 um diameter Al(Ag) => 58464 wires

N. De Filippis



Inner+Quter tracker (CLD)

Full silicon tracker:
- geometry compatible with ALICE ITS

technology, but could be either sensors plus

ASICs or monolithic structure, will benefit
from the very active R&Ds (in DRD3 and
others)

Consisting of:

« Inner Tracker: 3 short layers and 7 inner disks

« Outer tracker: 3 long layers and 4 outer disks
« 200 pum Silicon thickness
« 30 um x 0.3 mm cell size

« Material budget: 1.1 %—2.1 % X; per layer
(including overlaps)

« 7 1um x 90 pm single point resolution (except first

inner tracker discs, 5 um x5 um)
- atleast 8 hits for 6 >8.5°

Details in Zhang talk
N. De Filippis
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https://indico.cern.ch/event/1552126/timetable/#266-cld-status-and-plans

IDEA vs CLD: momentum

.
The IDEA Drift Chamber is quite transparent:

% Xy

gas: He 90% - iC,Ho 10%

thin and light wires

New mechanical assembly procedure by separating
the gas containment from the wire support functions
New concepts for wire tension compensation
resulting in endcaps with a 5% X, (including front
end electronics/cables) and 1.6% X, in the radial

direction
IDEA: Material vs. cos(0)

Il Beam pipe
[ Vertex silicon
[ ] Drift chamber
I Silicon wrapper

30

25

20

15— ~5% Xp inbarrel (IDEA)
< 15% Xp in foward (IDEA)

10

5

00 01 02 03 04 05 06 07 08 09 1
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measurement

o(pr)ipr

The CLD silicon tracker is made of:

(o
=3
=}
w

0.004

0.003

0.002

0.001

0.000

six barrel layers, at radii ranging
between 12.7 cm and 2.1 m, and of
eleven disks.

the material budget for the tracker
modules strongly affects momentum
resolution

1 1 1 I 1 I I I 1 1 1 | I I 1 | 1 I I I | 1 1

| — IDEA — CLD é Straw _ 0 |

L ==- IDEAMS === CLDMS === Straw MS 6 =90 -

B °

. e

r 1 1 1 I 1 | | I 1 1 1 | | | | | 1 1 1 | | 1 1 |

0 20 40 60 80 100 120
pr[GeV]
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c(Ap)/p

Outer tracker: Drift Chamber (IDEA) performance

1072

1072

DCH used in conjuction with vertex and silicon medium tracker and/or silicon

wrapper

NEW FULL simulation based on key4AHEP/DD4HEP/Geant4
« momentum resolution as a function of momentum p, for single muons at different 6

» below 0.7 GeV/c, particles begin to loop in the magnetic field (2T option), leading to a

transition between two distinct regions in the p; spectrum.

. De Filippis

Single ....0'
= * 0 =20deg ..°°
= 9 =30deg
g 6 = 46 deg -~
v 6 =89deg -
— " "
C .
i hts
L vvia
- - B 'xx =
I
e *
v
Cl 1 Lol - |
1 10 10°
p [GeV]

Old simulation based on
Geant4

cpt/pt
0.005¢ Track angle 90 deg.
F — IDEA
0.0045— -~~~ IDEA
------- |DEA No Si wrapper
F —— CLD

0'004_ CLD MS only

0.0035—

0.003 — -

" 7

0.0025 et rm e e e 7/< ---

0.002? ////

00015 _—

ES

0.001— /

0.0005)""
0:-\\\\\|\\\|\|\\\\|\\\
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pt (GeV)

Analytic formula

Particle momentum range far from the
asymptotic limit where MS is negligible

AI’T| ] - 1204 pr 5

pr " T 03BoLZV N+5
Apr| _0.0136GeV/c [ dio
pr Y T T03B8BoLo V Xo sinf

Drasal, Riegler, https://doi.org/10.1016/j.nima.
2018.08.078

For 10 GeV (50 GeV) u emitted at an angle of
90° w.r.t the detector axis, the p; resolution is
about 0.05 % (0.15%) with the very light
IDEA DCH - impact on Higgs mass

measurement
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Constraint from Higgs Mass measurement

.
Higgs boson mass to be measured with a precision better than its natural width (4MeV),

in view of a potential run at the Higgs resonance

Higgs mass reconstructed as the recoil mass against the Z, M, , and solely from the Z

Mrzecoil =(\s — El[)z . plzl- =8 — ZEII_\/E'*' mlzl—

700 FCCee simulation Vs = 240 GeV, 10 ab - FCC-ee simulation s =240 GeV, 10 ab ™!
> kl TTT | TTTT ‘ TTTT ‘ EELR [ TTTT ‘ TTTT ‘ TTTT J T T [ TTTT | TTT |— —I 2 2 I
) r ] -0 \
E N Muon final state Z( pnu-)H . % 1.8\ | Muon final state Z(u*u)H (stat. only)
N 600 —IDEA — o u IDEA (m) = 3.49 MeV
2] — IDEA perfect resolution 7 1.6 —\ —— IDEA perfect resolution 8(m) = 2.67 MeV
< -
g 500 C —IDEA 3T ] L |— IDEA3T §(m) = 2.89 MeV
@ — IDEA CLD silicon tracker 1417 | —— IDEA CLD silcon tracker 8(m,) = 4.56 MeV
T : A i1/
r 1
300 :— — 0.8 :_
200 ] 0.6
C 0.4 }
100~ =

| | | i1y

_" \Il\lllll T A 0’ ‘ l l
227123 124 125 126 127 128 129

%0 131 132 124996 12498 105 125002 125004
Recoil (GeV) m, (GeV)

u from Z, with p of O(50) GeV, to be measured with a p; resolution smaller than the BES in order

for the p;y measurement not to limit the mass resolution 2 o,/pr~ 0.15/0.2% @ 0(50)GeV

= achieved with the baseline IDEA detector - uncertainty of 4.27 MeV with 10 ab™

= CLD performs less well because of the larger amount of material - larger effects of MS

If the B increased from 2T to 3T - 50% improvement of the momentum resolution
14% improvement on the total mass uncertainty 16



Outer tracker: Straw tracker (ALLEGRO)

.
Straw tracker R&D is pursued:

* Implemented the geometry inside the FCC-ee
simulation framework for ALLEGRO

« Targeting Al + Mylar (~15um mylar, 0.05um Al)
and 25um tungsten wires ->~1.2% Xo (structural
support not included)

« Building several prototypes, 24 straw prototype
using ultrasonic soldering straw tubes from NA62
* 0.02um nm Au, 0.05um Cu, 36 ym PET
* length = 0.5 m, diameter = 1 cm, wire diameter =
50 ym

 Compared to drift tubes/chambers :

« a marginal 3.5% better transverse momentum
resolution for very high momentum tracks but a 4
times worse resolution for low momentum tracks

* in terms of particle identification, more than 17%
worse resolution w.r.t a drift chamber of the same
dimensions

 Test beams assessing working points, cluster
counting, performance with different gases

N. De Filippis
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Outer tracker: Time Projection Chamber (ILD - AGORA)

.
« TPC as part of ILD’s hybrid tracking ILD  siiconenvelo®® opigur | AN
system plane
- Readout plane: gas amplification GEM, cattilde " MH
micromegas, readout by pads/pixels Yy = oy
* GridPix based on Timepix3 with e g SO0 e T

55x55um?2 pixels can detect one
primary electron

» ~3% Xoin barrel, higher in endcap

» Operation challenges at Z-pole due to
space charge distortions and SR

backgrounds are being simulated TPC primary ions beamstr.
. . T 1014 Bmdump_ . . .
- Gas choices still to be evaluated g . ik
« Backgrounds are a concern for stable ~ 1 = SR@ 2
operation g 10" m| erions
. . 5 10° el due t
« Ways of reducing ion backflow, . | primary fon
. . . : ! B A cloud
handle distortions is needed. S he i b ’
= e arrival rate — ; : Pl SR halo @'tt . :
é 1o L 2t endplate AU SO N0 NS s = o ‘L . &
§ o EHzimme-| o TH AP Epmstrahluhg @2 ) %%
« A very complete work made for the ER ,-_} A ST ™ | %,
CEPC TDR s VE T ] F il %3
AE 10° -inject n@z O 0 8 o I O Ot O i 'ﬁf’:_i;'")’
B 0I l IQ(SOL I I400:l I I6(:10I I I8[‘)0I I I1UI00I I %200I I ;406 I %608 ‘ ‘1810(‘) ‘ l2000 25
radius

N. De Filippis Details in D. Jeans talk 18
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Requirements from reconstruction
of displaced vertices
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Reconstruction of LLP and very displaced vertices

B
The reconstruction of:

= long-lived particles (LLP) that decay into charged particles within the tracker volume, but after
having crossed the (first) layers of the vertex detector

= decays that involve K or A\’s.

requires very displaced vertices to be identified efficiently (primarily) by the main tracker

Example: Higgs boson into pairs of long-lived particles (LLPs) which travel a macroscopic
distance before decaying to quark pairs = jets containing candidate secondary/displaced
vertices (exotic Higgs decays with decay lengths ct ranging from microns to meters)

ete” - hZ — XX +(C at \/_ =240 GeV 0.010F | PP N e
Tracker-based searches optimal for decay _ \ \ &

lengths below 1 meter, with sensitivity to shorter 5

LLP decay lengths down to the tracker resolution 2 0.001¢

(impact parameter res. 2-3 um) ;§5-x10"‘5

= ‘'long lifetime’: m, < 10 GeV and ct = 1cm /—5/: . N i
= 'large mass’: m, =10 GeV and ¢t = 1um TR ~— s

5.x107°F

10.-5 . O.OIO1 . 0.1I00 . 1.0
Decay Length (m)
Improvement of the vertex resolution - better sensitivity to LLPs with relatively short lifetimes

N. De Filippis 20



Constraint from B*=> DK+ (K.0)pK*

.
The reconstruction of K, — ="~ from pairs of opposite charge tracks
= that do not come from the primary vertex,

= that can be fitted to a common vertex

= with a vertex mass that is close to the nominal K, mass

The efficiency for K, reconstruction defined:

= for the K, that come from the B* — (K, n°)K* decay, for which the generated daughter pions
satisfy the acceptance requirement |cos6| < 0.95

= as a function of the distance L, , between the decay vertex of the K, and the interaction point

K\s \_)\ x-‘\-n- T T T T T T T I\ cosle \I <\ 0.\95
§ 1- | | " IDEA
2 B AT e
= = = T N
= - b
L 08y s ]
Q ‘ +o
o = =+
8 4
) e e
B* (K n°) K .
.. .
L * Jloose mass cut : —%b
i o K;mass +5 MeV _;1;
02 B K, mass +25 Mev 4
0 i | | | | i 1 | | 1 i | 1 | | i 1 | | | ]
0 500 1000 1500 2000

Ly, Oof Ks vertex (mm)

IDEA detector:

with a mass cut of +/-5 MeV, the efficiency remains
above 80% as long as the K, decays within 1.5 m
from the interaction point.

at larger distances, the efficiency drops since the =
tracks only go through a small distance in the tracker.

21



Constraint from B*=> DK+ (K.0)pK*

B
K, - n*n’ lcos 61 <0.95
a - | i | CLD .
E . L _
Q0 - Nhits >=5 -
S s 1
be - ol ; | -
w 0.8 e e - ---------------------- B"“;-";)"(-K""rr“-)f"-l(* -------------- =
8 TR s 5 g
() > ke * |oose mass cut .
e -
B HH 0 Kgmass +5 MeV
B 4+ K, mass 2.5 MeV
0.4 7._;_‘ 777777777777777777777 H |
j;:a:;_j_‘ H H

0 I T R R SRR R B el ool s

0 500 1000 1500 2000

Ly, Of Ks vertex (mm)

The performance of CLD detector significantly
worsens compared to IDEA:

= visible the steps corresponding to the
positions of the tracker layers

= the efficiency for selecting 5-hits tracks
displaced by more than 40 cm vanishes in
the central region

» due to the large amount of material of the full
silicon tracker that leads to much larger
effects from MS

= worse resolutions on the K, vertex and
on the K, mass

An efficient reconstruction of K, — n*r, and, more generally, of LLP that lead to late
appearing tracks, calls for
= a highly transparent tracker
= a large tracking volume
= a considerable number of measurement layers

N. De Filippis
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Constraint from B> K*tt reconstruction

The search for the rare B — K*tt decay (BR ~ O(1077) in the SM) has set some
requirements on the track efficiencies

demanding that both taus decay into three prongs -
a final state with 6 soft pion tracks

= a momentum acceptance down to 100-150MeV is necessary to maintain a good
signal efficiency

= a minimum number of e.g. 5 hits to reconstruct a track implies that there be at
least 5 measurement layers at a radius below 33 cm (50 cm) to reconstruct a
track with a transverse momentum of 100MeV (150 MeV)

» this requirement on the position of the layers of the vertex detector and of the
innermost layers of the main tracker, is fulfilled by both the IDEA and the CLD
tracker designs

N. De Filippis 23



Requirements from the measurement
of the track impact parameter

N. De Filippis
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Impact parameters and vertex detector

.
Measurement of the impact parameters driven by the vertex detector key for:
= for reconstructing vertices
= for efficient identification of heavy quarks and t
= for a powerful measurement of lifetimes

The radial distance of the first layer of the vertex detector is also crucial

- - b a~5um,b~15pm-GeV (FCC-ee)
Resolution o1 IMPACt 5 (dp) = a & a~25 pm, b~ 70 um-GeV (LEP)

parameters :n3/2
/ & \Ag a~12 um, b~ 70 um-GeV (LHC)

a, is driven by the single hit = represents the contribution of multiple scattering
resolution » depends on the material budget of the vertex detector
layers and of the beam-pipe

Assumptions used for next studies:
» the radius of the beam pipe is 1 cm

= the radius of the innermost layer of the vertex detectoris 1.2 cm

= the material crossed by a particle emitte at a polar angle 8 before the first VXD
measurement amounts to 0.67%/sin@ of a radiation length

N. De Filippis 25



Constraint from the measurement of BR(B>K"t1)

.
The BR(B>K'tt) ~ O(1077) in the SM and the current experimental upper limit is
larger than this prediction by three orders of magnitude. New physics contribution
would enhance the BR.

-> stringent requirements on the performance of
the vertex detector come from the measurement
of the BR(B>K't1)

Both T leptons decay into three charged pions
and a neutrino

The secondary vertex (SV) is given by the kaon
and pion tracks that come from the K* decay

The reconstruction of B->K'tt critically relies on
the precise reconstruction of the secondary and
tertiary vertices

For displaced vertices, the resolution depends very much:
« on the track multiplicity of the vertex

» on the track momenta and angles

* on the angular separation of the tracks

N. De Filippis 26



Constraint from the measurement of BR(B>K"t1)

The precision of the measurement shows a very strong dependence on the resolution of the
position of the secondary and tertiary vertices in the transverse direction

on/N

0.6

0.57

0.4

0.3

0.1

Precision of BF measurement as function of the resolution
Various IDEA configuration
0.59Q

0.51P 0.67 1P 0.83 1P

L
SV and TV longitudinal smearing : 20 gm ( FCC
*  IDEA improved Ny=6x 1012
%  IDEA baseline
Evidence (30
___________________________________ ol
L]
*
* Observation (5a)
e
L]
*
0 2 1 6 8

SV and TV transverse smearing in pm

With a statistics of 6x10'2 Z bosons:

» aresolution better than ~ 4.3 pm is
needed to reach a 30 evidence of
the decay mode

» it should be better than about 2.2
pm for a 50 observation of this
decay

= For IDEA simulation this resolution is
of 5 pm only

A better resolution on the track IP by about 10% (about 40%) would allow 30 (50)
A reduction of the overall VXD material by 35% + with an improvement of the single hit
resolution in the VXD layers by 30% (i.e. from 3 um to 2 um in the barrel layers) brings the

sensitivity beyond 3.70
N. De Filippis
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Constraint from Heavy flavour tagging and H->cc

Studies based on a graph neural network: _
H. Qu, L. Gouskos, ParticleNet: Jet

ParticleNet Tagging via Particle Clouds.
Phys. Rev. D 101(5), 056019 (2020)

Features:

» the identification of jets induced by gluons or even strange quarks contemplated

« the tagging efficiency of bottom and charm quarks is much larger than what was achieved
with algorithms from the previous generation for the same mistag rate

ParticleNet key for measurement of the Higgs couplings to bottom, charm and

strange quarks, and to gluons FCC-ee Simulation (Delphes
% SEENEEENEERNEEENELEN EEENEERNEEEN EEENEEES
o | Vs=240Gev L=5ab" — [IH(s§)
= HZ events at \/S = 240 GeV § 5000~ fjﬁzz:f. (22091 B5/1210 ¢T/3554 gg/10 53) :::E;g)) ]
= Zdecays into an electron or a muon pair, or into neutrinos ¢ | ;’Z-;zm;m o i
g 4000 . m,, 1cos@ . m M E st IEP. veto -Z/‘YX N
o L -ZZ
B - W
A simultaneous fit to the recoil mass distributions 30001 -
(and, for the Z(vv) channel, to the visible mass :
distributions) measured in all categories allows the o 3

Higgs couplings to bb, cc, ss and gg pairs to be
extracted

10001

o 20 122 124 126 128 130 132 134 136 138 140
N. De Filippis M,.eo; [GEV]



Heavy flavour tagging and H->cc coupling

For an integrated luminosity of 10 ab™", the H — bb signal strength can be measured
with 0.28% uncertainty, and the one for H — cc with 2.1%

Studied the dependence of this precision with the track impact parameters
resolution

= by degrading the resolution by a factor ranging between 2 and 10

0- —— H-bb » the measurement of the Higgs coupling to
A bottom quarks is only marginally degraded
when this resolution is worsened

» the uncertainty on the Higgs coupling to
_15- charm quarks depends significantly on
the resolution on the track parameters

loss in precision (%)

|
N
o
1

due

« to the much worse signal-to-background
ratio in this channel

-30 T °

T T I . ¥ to the smaller displacement of ¢ quarks
IP (dy, dz) resolution scale factor compared to b quarks

A degradation by a factor of 2 of the impact parameter resolutions - degradation of the H>cc
coupling measurement by about 3%.

1
N
(%]
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Inner tracker: Vertex detector

.
Silicon vertex systems currently largely shared among detector concepts
. highly segmented layers (4-5), close to interaction point, low material budget >

maximise flavour tagging capabilities
. leverage ALICE developments for lightweight MAPS (Monolithic Active Pixel Sensors)

. synergies with Machine Detector Interface

| s
;;;,‘ffI ALLEGRO

C stavelayolr .
urrent 117, it A |
S Vix g, -
Thin do, etector i
é uble | esign 3 t ———
I Bl gegmgrts L VertexLayout @)
No active e ndcap g Potentia f RS |
Baet¥e coojing "3 disks 3 uture ge, | ) :
Selines vape, SeNt .ty g PNt / '
te: . ¢ | ). 1
hnology Seometry iy peers97S ala ALyce | sctine design (from 10EAY - t
102401 deag apece @ be adjugy | o golayers 025%AHO). =
Areas ted | parrel single’ .
/ =R ThAS e s and three disks
| «wo outer barrel aye! ran |

s e . Overview in

POsal tracker
Concey ‘evelo, i ed into the fter vertex om radius.
- 1D " 28nostic Ped Within DRD 1, | .+ Enginoerec design integrat region or vertex racker ©  \o modiate layer &t 13
{0t v ‘x' Studying Tamewory. machine-detector ntertece ":m layersat 137, 0 oriayer at 315 6™ radivs .
oD concepy, * OUld be integrage, SABRRS D Dal " I I le " I l ta I I(
=
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Inner tracker: Vertex detector (IDEA)

.
Technology: Depleted Monolithic Active Pixel Sensors (DMAPS): - T e
Two layouts: fl'l'l'.'\m
> 3 flat barrel layers: ARCADIA based 25 x 25mm? pixel size for hit P— ;éx
resolution ~ 3 um dopleed subsirate
» 4 curved barrel layers: 5 um ALICE ITS3 inspired (30 um pixels)

> low power consumption (< 20 mW/cm?)

J— __Ilf‘l‘ll'llll""ll T 'II[IIT o \||: —_ P ann T IIIIIII‘II[ |||||||| I||f|_
.a_g. 1.81 D Silicon 1 LQ % :icl:igon
[=]
§ 1.6 D Kapton ] 5‘3 5 % ﬁla:i:obondals
T 14 D CarbonFoam 1 % . [ |Rohacell
(o] f []carbonFiber
'g 1.2 .Alumlnum T % I Aluminum
ko) i =
s Curved = 3
£ ook g Flat 3 layers
T L 4 Layers g
s 06C
[ S
0.4%
1
0.2t .
0 ‘
-1-0.80.6-0.4-02 0 02040608 1 0% 010203 040506070809 1
_ cos(6) cos(0)
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IDEA vs CLD/ALFA

FCC-ee Delphes Simulation

—
o
w

€ SR e e S e T e e e
S [ IDEAbaseline

c e p=2 GeV- i T Gy I
o) 5 ~-p=50GeV

B 10°F s p=100GeV

o S s 10006V

o [ AR RN
© .

n|||i||||inu||||ui|||1l|1||l||||i||||i||||!||n|
10 0.10.2030405060.70809 1

lcos(0)I

Resolutions at low p; dominated by multiple
scattering and material effects.

o(dg) :2GeV ~8pum ;10 GeV ~ 3 ym
6(d,):2GeV~8um; 10 GeV ~ 2.5 um

https://repository.cern/records/4ghzh-e4s53
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Vertex Barrel [mm)] Ry Rs Rj I

CLD baseline geometry 17.5 37 57 125
CLD with new beam pipe 13.0 35 57 109
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—— ALFA (3T), pr = 1GeV —== CLD (3T), pr = 1GeV
—— ALFA (3T), pr = 10GeV -—— CLD (3T), pr = 10GeV
—— ALFA (3T)., pr = 100GeV —== CLD (3T). pr = 100GeV
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Scintillating Fiber Tracker (SciFi, ALLEGRO)

» A full-barrel SciFi tracker as the outer tracker is

proposed for ALLEGRO

» Simulations under IDEA geometry for comparison

» Development driven by the LHCb upgrade

* Main components are
« Scintillating fibers for detection,

 SiPMs as sensitive detectors to re
scintillation

Ongoing R&D and simulations:
» SciFi stations with a stereo angle

* Dual-sided readout to add timing and
reduce background

* New Fibers for Radiation Hard(er) SciFi

For 6 Layer Mats with
100 stereo angle

Fiber Diameter 250pm
Mat Thickness 1.5mm
X Resolution Per Mat 30pum

s ztm
e
Time Resolution Per Mat 300ps

I\_llateri_al Budget 1%

Per Station With Supports X/Xo

Material Budget 0.41%

Per Station Without Supports X/Xo

N. De Filippis Details in E. De Santis talk

SciFi «Mat»

010.0.0.0000000000
L2L500€600000600¢
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Constraint from the measurement of t lifetime

.
Precise measurements of the mass, the lifetime and the leptonic branching fraction of
the t offer a crucial test of lepton flavour universality (LFU)

2
(Q—T) ~ T—”BF(T — eV U,) (%

9y F mr

« the t lifetime (290+/- 0.5 fs)

5 currently limited by the precision on
) * BR (t>ev,v,) (17.82+/- 0.04%)

With about 2x10'"" t pair events expected at Tera-Z, FCC-ee has the potential to test LFU at
an unprecedented level thanks to a much improved determination of the 3 key ingredients

= statistical uncertainty on the t lifetime is expected to be 10 ppm or better

= the alignment of the vertex detector was the dominant source of systematic uncertainty
(Belle and DELPHI) but not the case according to more advanced studies

= expected systematic uncertainty due to misalignment, scaled from the systematics
quoted by DELPHI according to the luminosity increase, is below 10 ppm

= one source of uncertainty comes from the knowledge of the overall length scale of the
vertex detector. For this uncertainty to be smaller than one half of the statistical
uncertainty on the 1 lifetime, this scale should be known to better than 5 ppm

N. De Filippis 34



Conclusions

= Tracking (and PID) fundamental for many physics cases eg. Higgs, Flavor physics,
QCD-EWK, BSM

= Ambitious physics programs demand advanced tracking detectors:
« precise measurement of the track momentum and track angles, reconstruction
of displaced vertices, determination of the track impact parameters -
constraints on detector technologies and performance

= Excellent momentum resolution — at the level g,r/pt~ 0.2% at 0(50)GeV for
* measuring the Higgs mass measured at its intrinsic width (4 MeV) with
sensitivity driven by mecoi for Z(u*u~) and determined by BES

= Transparency of the tracker crucial

= Several detector concepts in place profiting from multiple technologies and
expertise at LHC
= active R&D in silicon and gaseous tracking, but new ideas coming in
Join the team !
N. De Filippis 35



Backup

P.S. Workshop on FCC-ee Tracking and PID at CERN, November 16-20, 2026:
https://indico.cern.ch/event/166097 1/

N. De Filippis
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Machine luminosity for physics @ FCC-ee

.
L 10° | | | | I 3 .
o S ataian 3 » Higgs factory:
5 I PRe@R) L 2x10° e'e — HZ
2 10 E < » EW & Top factory:
2 F ] - 6x10™ e*e” — Z (LEPx105)
o
£ B ) = 2.4x108 ete" — W*W-
E 10 =
i z = = 2x10% e*e” — tt
— tt (365 GeV) _]
N ‘ .~ 1 » Flavor factory:
L \,—(m’UM)_: = 5%x10712 e*e- — bb, cec
- | | | R iUl T e 1D o= = 7 | -
100 150 200 250 300 350 400 = 10" e*e" - 't
Vs [GeV]

~100 kHz of physics
data at the Z pole

Working point Z pole WW thresh. ZH tt

Vs (GeV) 88,91, 94 157, 163 240 340-350 365
Lumi/IP (1034 cm—2s~1) 140 20 7.5 1.8 1.4
Lumi/year (ab™1) 68 9.6 3.6 0.83 0.67
Run time (year) 4 2 3 1 4
Integrated lumi. (ab—1) 205 19.2 10.8 0.42 2.70

2.2 x 10° ZH 2 x 109 tt

Number of events 6 x1012Z 24x 108 WW + + 370k ZH

65k WW - H +92kWW — H

N. De Filippis 37



Constraint from Higgs Mass measurement

Higgs boson mass to be measured with a precision better than its natural width (4MeV),

in view of a potential run at the Higgs resonan

ce

Higgs mass reconstructed as the recoil mass against the Z, M, , and solely from the Z

MZocou = s —Ep)? — Plzl‘ =s —2E;/s + mfl—

500 FCCee simulation [s = 240 GeV, 7.2 ab’1 5 FCC-ee simulation l{g =240 GeV, 7.2 ab’1
:;) E\I\IIH\\I\I\IH\II\\IH;I\I\\I\II\I\IHI: :Il : Il’ l Witha erfeCt measurementof
g 4508 Auon final state Z{uuo) % 1.8 [_..|Muon final state Z(u*u")H (stat. + syst.) p
= A TP : r | s e the muon momentum:
o 4001 IDEA-petfect resotution = 1.6 | === |DEA perfect resolution 8(m) = 3.95 MeV .
g; - ‘ - IDEA 3T = L | = IDEAST §(m,) = 4.28 MeV u the W|dth Of the Mrecoil pe ak
@ 350 1 -~ IDEA CLD silicon tracker ] 14 | = IDEA CLD silicon tracker §(m ) = 6.07 MeV .
300" - = R ] determined by BES ~
. \ : e \ I/ 0.185% of the beam energy
\ ; \\\\ ///// at s = 240 GeV
- i \\\\ //// = uncertainty on M, of 4.0 MeV
L N / with an int. lumi of 7.2 ab-1
soF ) 0zf (including the contribution of
D55 25108 12 128 136 T30 131 Taz Bissaasss Y imess ime Al Systematic unc.)

Recoil (GeV)

m, (GeV)

u from Z, with momentum of O(50) GeV, to be measured with a p; resolution smaller than the
BES in order for the momentum measurement not to limit the mass resolution
= achieved with the baseline IDEA detector = uncertainty of 4.9 MeV with 7.2 ab™

= CLD performs less well because of the larger amount of material - larger effects of MS

If the B increased from 2T to 3T - 50% improvement of the momentum resolution
14% improvement on the total mass uncertainty 38



Outer tracker: Silicon MAPS (ALFA)

High-performance all-MAPS (10um everywhere), from Vertex to Outer Tracker detector,

including luminometers, very robust. Challenges: keep sufficiently light, reasonable size and

size

Building block for barrel stave
HDI HDI
g

'A%’
MODULE b
(2 x 4 chips)

ouT2 }
OUT1 | outer layers

MID2
MID1 | Middle layers

MoDULE
(2.x 4 chips)

On a cold plate are glued (2 x 21) = 42 modules
Cold plate + modules — Module string

Two module strings + the foam structures — Stave
Two active layers

Serial powering is fundamental
Implementing serial powering over a stave

lln‘

* Two chains of 20+22 modules

+ Two serial powering nodes per module
« 4 MAPS per node

z:0

= Cooling pipes below the SLDO location to avoid hotspots

wor
e
wooue
* Charge pump integrated on the periphery to bias the sensor  “***
(no extra bias line required)

Details in D. Abbaneo talk

N. De Filippis

The Outer Tracker Stave ww

costs. Lower rates thus slower front-end in outer layers, and eco-friendly cooling fluid.
Small collection electrodes are ideal: minimal capacity, minimal power density, minimal pixel

Performance compared to CLD

— ALFA (3T), pr = 1GeV
—— ALFA (3T), pr = 10GeV
—— ALFA (3T), pr = 100GeV

=== CLD (3T), pr = 1GeV
-—= CLD (3T). pr = 10GeV
=== CLD (3T). pr = 100GeV
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Silicon wrapper (IDEA)

Instrumented surface:
- r=2m:
- |zl < 2.4 m;
- n|<2.6

= Total area for a single layer: ~90 m?

Baseline design uses same MAPS detectors
as original vertex detector design:

- 50 ym x 150 pmoixel size = 7 pm x 45 um resolution

= Total number of channels: ~ 150 x 109

N. De Filippis



Silicon medium and outer tracker KIT+UK+IHEP+INFN

.
ATLASPIX3 modules: a full-size system on chip, targeting the outer tracker

¢ Intermediate barrel at 15 cm
radius
e Outer barrel at 31.5 cm radius

> quad module, inspired by ATLAS ITk pixels
»  pixel size 50x150 pm?

» TSI 180 nm process on 200 Qcm substrate
» 132 columns of 372 pixels

Power consumption:

» ATLASPIX3 power consumption 100-150
mW/cm?

Complete system consists of 900'000 cm? area / 4 cm? chip = $ 0
225k chips (56k quad-modules) 2
Data rate constrained by the inner tracker: e

> average rate 10 - 103 particles cm2 event! at Z peak I

> assuming 2 hits/particle, 96 bits/hit for ATLASPIX3 13 = Totedhs

» 640 Mbps link/quad-module provides ample operational margin o8 I%%m

» 16 modules can be arranged into 10 Gbps fast links: 3.5k links | U .
> Input Current [mA]

N. De Filippis

can also assume 100 Gbps links will be available: 350 links
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Silicon wrapper (IDEA) based on RSD

B
M. Mandurrino Torino
FCC-ee Tracking WS Spatial resolution ~3% of sensor pitch
CMOS integration of the LGAD technology (allowing to relax the channel density)
already demonstrated (in LF11is) Time resolution similar to standard
LGADs: 30-40 ps
AC-pad AC-pad AC-pad DC-contact
i W, — S S —— F\coupling
peam nt-cathode J1E axide
HR-Si CMOS-LGAD RSD - Resistive-AC-Coupled Silicon Detectors

Phack

Detector layout and

Plausible concurrent targets: process flow design

= g,=10-20 ps activities are ongoing
" pm-level o, . First prototypes in next
= 100% FF HR-Si CMOS-RSD

silicon production runs

pending patent and Prack
extent of protection (Std- CMOS process)

N. De Filippis



Silicon wrapper INFN Genova

e Particle Separation (dE/dx vs dN/dx)
In IDEA concept, tracking and PID provided z "] . | B
by the DCH (+ VTX + outer Tracker) B s
o 5.
> Silicon wrapper for precise polar angle measurement ™ |
» Good K-r separation from dE/dx except forp ~ 1 GeV ]
Baseline: ATLASPIX3 modules  BUT N e
LGAD (Low-Gain Avalanche Diodes) with RSD (Resistive o B : -
Silicon Detectors) technology are a possible option: S Momentum [GeV/c]
> TOF with excellent time resolution 5 AOpdnl Zopdn? ACpdnd \ coupling
> in resistive readout the signal is naturally shared among Rrsp resistive n* p*-gain oxide
pads without the need of B field or floating pads p-Si

" ) Foptt
RSD2 crosses: spatial and temporal resolutions p

50 - when total AC amplitude = 60 mV (gain = 30)

50

w0l . Reconstruction of the position from the signal
£ R SRR e S j_i'“—”“’ j‘ distribution between contiguous electrodes
c 30 | {30%
: f Need to show that LGAD could be produced
Eny . 2% with acceptable cost
’E /}l-"'- m Spatial resolution g
=0 T olemporairesobion | ' » Technology developed by INFN Turin group,

0 . . | | | . 0 production by FBK

A s > External funding also (ERC, PRIN)

N. De Filippis



N. De Filippis

Requirements on
track angles
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Requirements on angular resolution

The polar and azimuthal angles of the momentum of a prompt, charged particle, at production
vertex measured as

= the angles of the corresponding track at its distance of closest approach to the detector axis

The corresponding angular resolutions in IDEA and CLD vary between

= about 20 yrad for high momentum particles produced in the central region of the detector
= afew mrad for soft, forward particles

N.B .The contribution of these angular resolutions to the precision of the recoil mass is negligible
compared to that of the momentum resolution.

For the reconstruction of the mass of heavy-flavoured mesons, the momenta of the daughter
particles must be taken at the decay vertex of the meson, and the resolution of the azimuthal
angle crucially relies on the reconstruction of this decay vertex.

= N.B: for all examples considered involving B-mesons, the mass resolution remains
completely dominated by the momentum resolution

The reconstruction of:

= long-lived particles (LLP) that decay into charged particles within the tracker volume, but after
having crossed the (first) layers of the vertex detector
= decays that involve K or A’s.

requires displaced vertices to be identified efficiently (primarily) by the main tracker

N. De Filippis 45



Requirements for standalone muon
reconstruction

N. De Filippis

46



Requirements on Muon detector

The muon detector has to identify muons with a very high efficiency and to serve as ‘tail-catcher
for the hadron showers that may not be fully contained in the calorimeter.

= an important figure of merit is the n — p misidentification probability

Example: control of the = contamination via B® —p*u~ decay

—— Total fit

o — B excellent mass resolution IDEA - a very good
20— b Delphes simition T B separation of the B® and B, peaks

- BY > wta—
i {  Simulated data

A significant background coming from B° —r*n”
is however present under the B peak.

.9}
[e=)

D
[a=}

Candidates / (5.0 MeV/c?)

Assuming a double © — p mis-identification
probability of 2x107° - background contribution
would be as large as the signal itself

S
S
=% .

DO
(==}

0Lt I i, Y DU, :
5250 5300 5350 5400 5450
m(putu”) MeV/cY

A good standalone resolution will be
= useful to reduce the © contamination and to identify = decays in flight that happen before the

muon detector
= important for searches for long-lived particles that decay outside the tracker volume - the

requirements on the standalone momentum resolution need to be quantified

N. De Filippis 47



Additional requirement

The measurement of the luminosity from e*e™ — yy events to a precision of about

107°, requires the large background from e*e™ — e*e™ events to be known very

precisely

» the targeted precision will set some requirement on the e/y separation, which, in
turn, will constrain the tracker inefficiency and the level at which this inefficiency is
known

The ratio of the partial width of the Z boson into hadrons to that into muons, RM, will
be measured with a statistical precision of about 5x107¢ at Tera-Z. Counting the
number of u*u events to a similar level of systematic precision sets a very hard
requirement on the knowledge of the tracking (and muon chamber) efficiency

Impact of beam induced backgrounds;

= for the CLD tracker, these studies relied on full simulations and concluded that
backgrounds should not be an issue

= for the IDEA tracker, the results presented in the CDR will have to be verified with a
full simulation

= moreover, these backgrounds should be revisited in view of the updated machine
parameters and machine-detector interface.

N. De Filippis 48



Drift chamber (IDEA): full-length prototype

.
Target: a full length DCH prototype with 3 sectors per endcap

= 8 spokes (4 per endcap)

= Internal ring

= part of the outer ring

= part of the cylindrical panel

MAX COVERAGE

40m

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

Readout channels: 848 +16+16+16+16 + 16+16 = 112

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

Guard wires: 264

Internal ring and a spoke
delivered recently - mechanical
test will start soon



Drift chamber (IDEA): goals of the full-length prototype

.
» 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 DCH 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
» Full-length prototype necessary o Can be done in parallel on small prototypes



Drift Chamber (IDEA): performance of PID

.
Principle: In He based gas mixtures the signals from each ionization act can be spread in time to few ns.
> By counting the number of ionization acts per unit length (dN/dx), it is possible to identify the
particles (PId.) with a better resolution w.r.t the dE/dx method.

ionizing 2 cm drift tube Track angle 45°

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

track s 0—095 calculations
: S oo DERIV dN/dx | __
drift tube 007 V¥ clusters i
oloctr 0_052_ — K/n

oosE- WV Electrons K/p
0.04;
0.03%— ‘‘‘‘‘‘‘‘‘
0.025— .

......
-----------

500
time [ns] p[Gevic]

Beam tests to experimentally asses and optimize the performance of the cluster counting/timing:
» to muon beam tests at CERN (By > 400) in Nov. 2021+July 2022 (py =165/180 GeV)

. "\ Wem : . dE/dx Resolution dN/dx Resolution
5 N — e
 beam Ia l ] | ] ‘ % i §
(40,80, 180GeV) Trigger 1Sem | o | o | o | o | * !SHm(MotAu) g 012 + 2 007 W. Elmetenawee et &/,
freom, 20 um (W+A) = =
el 2025 JINST20 P110/19
1o [o]e [+ [+ ]*] —F dE/dx Resolution scan vs track
0.09

length resolution

0.04|—

0.05 z— { 0.03 ;

. o b L e e e L. . ...
50 100 150 200 250
Track Length[cm]

M TS R ST T R S ST
50 100 150 200

250
Track Length[cm]

dE/dx resolution dependence on the track length L-037  dN/dx resolution dependence on the track length L-05

1
1 10 100 1000

N. De FiIippiS P ~ 2 times improvement in the resolution using dN/dx method



Drift Chamber (IDEA) performance of PID with Deep Learning
E——

G. Zhao (IHEP) + M. Anwar/A. Ali /N. De Filippis (Bari Poliba)
S 5 Clusterization  Clusterization
Peak Finding : . .
Mean | Std Regression Classification
Mean / Std Mean / Std

Monte Carlo
Mean / Std

Momentum
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Recent studies (DELPHES based) with IDEA

Goal: investigate inner barrel layers configuration
« figure of merit: i.e. transverse impact parameter and z coordinate of the track
at the point of minimum approach of the track helix

Investigated configurations:
1. Short Barrel Geometry (aiming to use bent stitched MAPS)
a. Reduced barrel length (~10 cm).
2. First Layer on Top of Beam Pipe
a. Moves first layer closer to IP (without entering the beam pipe).
3. First Layer Inside the Beam Pipe

a. More aggressive layout, innermost radius moved to 8—10 mm.

b. Requires re-engineering of beam pipe and cooling strategy.

Details in M. D’Alfonso talk

N. De Filippis


https://indico.cern.ch/event/1552126/timetable/#230-vertex-reconstruction

Recent studies (DELPHES based) with IDEA

Short + Light barrel

Design changes inspired by ITS3 Alice:

e Barrel shortened to ~10 cm.
e Material budget of the first 3 barrel layers

reduced from 100% X/Xo to 40% V/Xo

Alice ITS3
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reduced material budget results in better dy and d, resolutions at low p
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Recent studies (DELPHES based) with IDEA

First Layer on Top of Beam Pipe

— gain up to 10% in d,,z, positioning the first

layer on top of the beam pipe (13.7 mm —
11.7 mm)

First Layer Inside the Beam Pipe

d0 (15%) gain of 5% at p=5GeV for first
layer at 8mm
up to 25% for p= 2GeV

N. De Filippis

d, resolution (um)

FCC-ee Delphes Simulation

.= p =100 GeV IDEA fi

=~ 10— :

£ = i~#— p =2 GeV IDEA baseline i

= A O S AV Y7 i DS DS MR 0% MRS
c B —e— p= 10 GeV IDEA baseline '

o —®— p =50 GeV IDEA baseline

5 i~®— p =100 GeV IDEA baseline

O 102 |- p=2CeVIDEAfirstlayer 11.7.mm.. .

3 i p=5GeV IDEA firstiayer 117 mm

— B et p'210 GeV IDEA first layer 11.7 mm=+

'Uo B e p: 50 GeV IDEA first layer 11.7. mm

est layer 117 mm ...l

4F
1

Ratio

0.95F

0.9F

FCC-ee Delphes Simulation

0 01 02 03 04 05 06 07 08 09 1

Icos(0)!

100 »

E i~#— p = 2 GeV IDEA baseline

- (~&— p=5GeVIDEA i

L —®— p=10 GeV IDEA baseline

| ... 7% p=50GeV IDEA baseli

~®— p =100 GeV IDEA baseline

102 = %= p =2 GeV.IDEA layer 1.inside beam pipe (v1).....

- 4~ p=5GeV IDEA layer 1 inside beam pipe (v1)

- a2 10 GeV- IDEA layer 1 inside beam pipe (v

= —#— p =50 GeV IDEA layer 1 inside beam pipe (v1

i—*—_p=100GeV IDEA layer 1. inside beam pipe (
= ; s e O
e e, — T i
s | | T ETRrare] AN Pl BRI s il i
1
1 " —=

3 — i o e \k\‘
0.8F S

a — o -
0.7F ; —

0 01 02 03 04 05 06 07 08 09 1

Icos(0)!



	Slide 1: Tracking requirements  and detector technologies @ FCC-ee
	Slide 2
	Slide 3: European Strategy 2025 + FCC Week 2026
	Slide 4: Reference Design Phase (RDP) objectives:
	Slide 5: A broad physics program
	Slide 6: Physics requirements: Higgs, EWK and Heavy Flavour
	Slide 7: Tracking and particle identification
	Slide 8: FCC-ee detector concepts: tracking systems
	Slide 9: Strategy for detector requirement studies
	Slide 10: Strategy for detector requirement studies
	Slide 11: Requirement from momentum measurement
	Slide 12: Outer tracker: Drift Chamber (IDEA)
	Slide 13: Inner+Outer tracker (CLD)
	Slide 14: IDEA vs CLD: momentum measurement
	Slide 15: Outer tracker: Drift Chamber (IDEA) performance
	Slide 16: Constraint from Higgs Mass measurement
	Slide 17: Outer tracker: Straw tracker (ALLEGRO)
	Slide 18: Outer tracker: Time Projection Chamber (ILD  AGORA)
	Slide 19: Requirements from reconstruction  of displaced vertices
	Slide 20: Reconstruction of LLP and very displaced vertices
	Slide 21: Constraint from B+ D0K+(Ksp0)DK+
	Slide 22: Constraint from B+ D0K+(Ksp0)DK+
	Slide 23: Constraint from B K*tt reconstruction
	Slide 24: Requirements from the measurement  of the track impact parameter
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30: Inner tracker: Vertex detector
	Slide 31: Inner tracker: Vertex detector (IDEA)
	Slide 32: IDEA vs CLD/ALFA
	Slide 33: Scintillating Fiber Tracker (SciFi, ALLEGRO)
	Slide 34
	Slide 35
	Slide 36: Backup
	Slide 37: Machine luminosity for physics @ FCC-ee
	Slide 38: Constraint from Higgs Mass measurement
	Slide 39: Outer tracker: Silicon MAPS (ALFA)
	Slide 40
	Slide 41: Silicon medium and outer tracker     KIT+UK+IHEP+INFN
	Slide 42
	Slide 43: Silicon wrapper              INFN Genova
	Slide 44: Requirements on  track angles
	Slide 45: Requirements on angular resolution
	Slide 46: Requirements for standalone muon reconstruction 
	Slide 47: Requirements on Muon detector
	Slide 48: Additional requirement
	Slide 49: Drift chamber (IDEA): full-length prototype
	Slide 50: Drift chamber (IDEA): goals of the full-length prototype
	Slide 51: Drift Chamber (IDEA): performance of PID
	Slide 52: Drift Chamber (IDEA) performance of PID with Deep Learning
	Slide 53
	Slide 54
	Slide 55

