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INFN effort

> Fall 2016: line of research on future accelerators created in

Participants to 5th FCC PW per institution country (as of 2022/02/10)

** More resources
» CSNS5 grants
. P ARCADIA
P Hidra2
gt » EU grants:

66 e E EuroCirCol
¥ FCC-IS
i E Attract

= ® Aidalnnova

2 55l F EuroLabs
mds 3 F Cremlin+, FEST
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2021 schedule

EE=) The PED Pillar Objectives in 2025 O FCC

o Mostly defined by the general (tight) timeline of the FCC project

Infrastructure and accelerator

Physics, Experiments, and Detectors

Milestone / activity

Target date

Possible timeline

First e*e  collisions in FCC-ee

Early 2040's

FCC-ee detector commissioning

Start machine installation 2037 Start FCC-ee detector installation

Tunnel completion 2035/36

Start tunnel construction 2030 Start FCC-ee detector construction

Project approval 2028/29 FCC-ee Detector TDR's and approvals

Next European Strategy Update 2026/27 Next European Strategy Update (ESU)

Key prototypes (feasibility proof) 2026 FCC-ee Proto-collaborations and Eol’s

FSR®™ (feasibility proof) End 2025 PED FSR, includes enough common material and

knowledge for FCC-ee proto-collaborations

(*) FSR = Feasibility Study Report
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‘ Adapted from schedule in M. Benedikt's presentation ‘




CIRCULAR

COLLIDER FCC week, Paris - May 30, 2022

C FUTURE Timeline of the FCC integrated programme

.................... n | Fccee | 10 years ] FCC-hh,
~ 15 years operation ~ 25 years operation
FeasiiityStuy | ESPP | 4 Y
FCC-ee dismantling, CE

& infrastructure
adaptations FCC-hh_

Tunnel, site and technical
infrastructure construction

Geological investigations, infrastructure
detailed design and tendering preparation

FCC-ee accelerator and detector R&D and technical FCC-ee accelerator and detector
design construction, installation, commissioning

High-field magnet
industrialization and
series production

Long model magnets,

Superconducting magnets R&D prototypes, pre-series

FCC-hh accelerator
and detector R&D FCC-hh accelerator and detector

and technical design construction, installation, commissioning

O Feasibility Study: 2021-2025

Q If project approved before end of
decade = construction can start
beginning 2030s F. Gianotti

O FCC-ee operation ~2045-2060

U FCC-hh operation 2070-2090++
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CEPC/FCC: INFN detector R&D

» |IDEA detector concept
Vertex detector
« ARCADIA
Drift chamber
 Cluster counting
Silicon wrapper
« ATLASPpix3
Dual Readout calorimeter
» Also with crystals

uRwell muon chambers
* Pre-shower

N. De Filippis IHEP-INFN, July 2022 6 F. Bedeschi, INFN-Pisa



R&Ds presented to IDRC

1. Vertex 3. Calorimeter 4. Muons
1.1 MOST2 3.1 ECAL Calorimeter 4.1 Scintillator
1.2 ARCADIA 3.1.1 Crystal 4.2 uRwell
2. Tracker 312 51W , 5. Solenoid
5 1 TPC 3.2 HCAL Calorimeter 5 1 NiT;
' 3.2.1 DHCAL 1 Nila
22 SiliCOH Tracker 32.1 AHCAL 52 HTS
2.3 Drift chamber 3.3 DR Calorimeter 6. MDI
(J INFN driven 7. TDAQ

d INFN participation 8. Software




Highlights: Drift Chamber

» Highly transparent tracker with excellent PID

» Joint INFN-BINP development

= Synergy with MEG-Il, CDM3 and tau-charm factory R&D
= Additional support from EU grants: CREMLIN+ - EurizorQAl
Ma-&D to uantif cluster nting performance

3 R —

innova

Solenoid Magnet (3T /2T)

" Advantage: Cost efficient, high densi
Scint Glass 9 ent, hig ty Between HCAL & ECAL

PFA HCAL Challenges: Light yield, transparency,
massive production.

Advantage: the HCAL absorbers act as part
of the magnet return yoke.

Challenges: thin enough not to affect the jet
resolution (e.g. BMR); stability.

Transverse Crystal bar ECAL

Advantage: better 7%y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
maintain good jet resolution.

A Drift chamber
that is optimized for PID
Advantage: Work at high luminosity Z runs

Challenges: sufficient PID power; thin
enough not to affect the moment resolution.

Muon+Yoke  Si Tracker Si Vertex



Attivita RD_FCC Bari

Responsabilita:
N. De Filippis: Fisica, Simulazione e
Software di RD_FCC ltalia




INFN Bari Laboratory

New equipment:
. gas bottle: He, CO,
. high voltage power supply
. scintillators (+siPM) z
. pc desktop for DAQ N~
«  1GHz oscilloscope E
. Digitizer/Amplifier DRS

DRS4 Evaluation Board V5
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@ Setup
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2021 test beam results

A beam test has been performed during November 2021 at CERN on the H8 line in a parasitic mode to validate the simulations results by using a muon beam.
Electron peak finding algorithms

+ Red 10 mwire (Mo)
* Blue 15 mire (Mo)
.o ire (W)

4 trigger scintillator channels (0-3)

Beam test conclusions and plans

1. Establish the limiting conditions for an efficient CC:

= @gas gain saturation

= cluster density (by changing the gas mixture)

= space charge ( gas gain, sense wire diameter, track angle)
2. Demonstrate the ability to count clusters:

at a fixed By (muons at a fixed momentum)

1202 AON

count the clusters by doubling the track lenath gbgggmg@
the track angle and the gas mixture

© 1.2 GSPS (853.33 ns),
iC,H,o, 10 bits, gas gain ~ 2 - 10°

1 cm drift tube track angle 45°

90%He10%

2 om drift tube Track angle 45°

2

ma’os)

e Independent comoatlble results

Epc 1 om cell size Drift Tubes

Epc 2 cm cell size Drift Tubes

* RTA
* DERIV

Eoctons po Custer

Tt
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Tk o 09

Expected number of electron peaks [5,6] =

3. In optimal configuration, measure the relativistic rise as a
function of By, both in dE/dx and in dNg/dx, by scanning

the muon momentum from the lowest to the highest value

(from a few GeV/c to about 260 GeV/c at CERN/HB) to
define the particle identification capabilities of the cluster

counting approach over the full range of interest for all,

future lepton machines.
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a = angle of the muon track w.r.t. nomal to sense wire

6 cluster/cm (mip) = 12 (18) for 90%(80%) He gas mixtures)

drift tube size = 0.8 (1.8 cm) for 1 cm (2 cm) drift tube

Space charge + attachment + recombination effects
affect the gxperimental CC efficiency!
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W. Elmetenawee

N. De Filippis

&

59y 3

000000

“““““
0000000

00000

I

Y
n[
8
S . .
g S .
° ’ - L F

- -6
or .
3L
8
8

TR TR
2000 3000
dz



https://github.com/HEP-FCC/IDEADetectorSIM

Tne Migration to 2DWVI4n

The converted tracker hits: silicon vertex

Standalone I

FCC framework I tracker, drift chamber, pre—shower
& Example of simulation 0 //‘ "'\\\
Geant4 Monte Carlo hits Pagg;(l)e . goomelsy v/ )
H . events . eam pipe J—
(possible other data EDMA4HEP * 1 muon/event Cav T . ©)
structures) . thetain [88.5,90.5]deg + DCH : /
¢ energy = 1 GeV « PSHW 1000 N, 7
reconstructed tracks o + magnetic field = 2.0 T \\ //
2000 1000 x[r;ml 1000 2000
recoTracks.ndf
htemp
10— Entries 50
Ls Mean 1733
r Std Dev 17.39
Key4HEP i
=Jr OEJ I =L 1 1 ’_H" H
Yoke 100 cm 60 80 100 120 140 160

—_— 180
Magnet z=+300 cm recoTracks.ndf
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» A simulation of the ionization process in 1 cm long

side cell of 90% He and 10% iC4H10has been
performed in Garfield++ and Geant4.

» Geant4 software can simulate in details a full-scale
detector, but the fundamental properties and the
performances of the sensible elements have to be
parameterized or an “ad hoc” physics model has to
be implemented.

» Three different algorithms have been implemented
to simulate in Geantd, zz a fast and convenient way,
the number of clusters and clusters size
distributions, using the energy deposit provided by
Geant4.

Particle separation from truncated mean dE/dx
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We are assuming a cluster connting efficiency of 100%.

In Progress to be ported to the the full SIM Framework

imulation
W. Elmetenawee simu o
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ZH analysis with Higgs to hadron & Z invisible at FCC-ee detector performance studies

Mohamed H
(Bari) e

“Case study” to determine the requirements on z
the calorimeter performance.

Study performed in the context of the FCC-ee
“Higgs Physics group. “

Vs

Since the calorimeter energy resolution playing Recoil
an important role in the jet energy measurement,
we are studying the effect of Signal samples:

Z)vv(H(bb)
1- Tuning HCAL energy resolution parameters: Z)vv(H(cc)
Tuning the stochastic, constant terms in Delphas Z)v( H(gg)
cards Z)vv(H(qq)
Adding Noise term to energy resolution
calculation

2- Tuning the minimum energy threshold

3- Tuning the energy significance

4- Studying the calorimeter granularity impact on
the analysis

5- Comparing with the full simulation

N. De Filippis



Some preliminary plots

e /H(gg) signal sample.
e Distribution of Particle Flow
candidates visible energy

FCCee Delphes Simulation Vs = 240 GeV ) )
2 F cochasio10% w  2c8e Dophes Shmilialion is =240,GeV FCCee Delphes Simulation 5 = 240 GeV
[ - i < Const 0.25 % @
T 45000 iAo e g © T consto5%%” = - — Noise 05%
w E seline > 4500~ — IDEA baseline © 45001 ice 1
F — Stochasic 40 % w E —_ Const2% & - — Noise 1%
a000) — Sechemc 3 -Gy - T hosern
— —— Stochasic 60 % r— % [ —— Noise 2%
£ Stochasic 70 % il E Lonsto % 4000 3 Noise 3 %
35000 — Stochad 905 E—Comstrt Sl g
I —— Stochasic 100 :A, 35001~ — 8222; 3 4: 35001~ sg;:: gof’
5 r —Const10% E  Noise 7%
3000~ 3000/ 3000~ — Noise 8 %
F E F — Noise 9%
F C - —— Noi %
2500: h 25001 2500 oise 10 %
- |Stochastic term = B :
2000 2000 |Constant term 2000, | NOise term
1500 1500~ 15001
1000~ 1000 1000F
500 R 500 500
S I B B vk R T T E u
0 Eovol | ! l \ | l E
2 4 1 120 140 1 1 2| v e b b a Ly [ A A vl b by baay vl il L
B2 A0 5 0l A Teg i 100 100 =W % 20 40 60 80 100 120 140 160 180 200 % 20 20 60 80 100 120 140 160 180 200
Visible energy (GeV) o .
Visible energy (GeV) Visible energy (GeV)

Main contributor

N. De Filippis



2022 test beam on going
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Strategia delle attivita 2023

Si intende continuare/consolidare le attivita relative alla progettazione,
simulazione e test di una camera a deriva per IDEA (FCC-ee/CepC):

» Test of drift tubes and multi-wire drift chambers prototypes in the local laboratory
and in test beam areas < “cluster counting technique”

»  Wiring and assembling of drift tubes
»  Misure con camera di monitoring o dei prototipi di camera a drift
»  Simulazione della camera a deriva in Geant4 - Key4HEP

»  studi su algoritmi di tracciamento sia per IDEA FCC con Kalman Filter vs

machine learning
» analisi dati per misurare le higgs self-coupling alla soglia di produzione HZ

» analisi dati per misurare le higgs self-coupling per FCC-hh



Beam test plans

We intend to perform test beams with simple drift tubes set-up to compare simulations results
with experimental results:

» @CERN with muons with momentum in the range 30-180 GeV

» @Fermilab with muons with momentum in the range 3-20 GeV

1. Establish the limiting parameters for an efficient cluster counting:
- cluster density (by changing the gas mixture)
- space charge (by changing gas gain, sense wire diameter, track angle)
- gas gain saturation

2. In optimal configuration, measure the relativistic rise as a function of
By, both in dE/dx and in dNy/dx, by scanning the muon momentum from
the lowest to the highest value (from a few GeV/c to about 180 GeV/c at
CERN/HS).

3.  Use the experimental results to fine tune the predictions on performance of
cluster counting for flavor physics and for jet flavor tagging both
in DELPHES and in full simulation

N. De Filippis
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Anagrafica e richieste 2023




Anagrafica RD_FCC/Eurizon 2023

N
N. De Filippis (Assoc. Prof.) 30%
M. Abbrescia (Assoc. Prof.) 20%
R. Aly (Ass. Ricerca + PJAS) 50%
M. Louka (PhD) 30%
B. D’Anzi (PhD) 30%
W. Elmetenawee (Ass. Ricerca) 30%
M. Maggi (ricerc. INFN) 10%
D. Diacono (Tecn. INFN) 10%
G. Donvito (Tecn. INFN) 5%
V. Spinoso (Tecn. INFN) 15%
|. Marjeka (Ass. Ricerca) 10%

TOT 24 FTE

N. De Filippis 21




Anagrafica RD_FCC/Eurizon 2023

.

I T T
N. De Filippis (Assoc. Prof.) 30% 25% 5%
M. Abbrescia (Assoc. Prof.) 20% 20% --

R. Aly (Ass. Ric.) 50% 50%

|. Margjeka (PhD) 10% 10% --

M. Louka (PHD) 30% 30%

B. D’Anzi (PhD) 30% 30%

W. Elmetenawee (Ass. 30% 30%

Ricerca)

M. Maggi (1+ ricerc. INFN) 10% -- 10%

D. Diacono (Tecn. INFN) 10% 10%

G. Donvito (Tecn. INFN) 5% 5%

V. Spinoso (Tecn. INFN) 15% 15%

TOT 2,4 FTE 1.95 FTE 0,4 FTE 0,05 FTE
In contatto con:
- C. Pastore (OM) per serv_izi di officina meccanica e progettazione
« M. Mongelli (SPM) meccanica




Richieste per personale (AdR) e servizi

» Richesta di un assegno di ricerca Junior per un anno per FCC

» Richiesta di servizio di officina meccanica (1 m.u) e
progettazione meccanica (1 m.u) per realizzazione di
componenti per vari prototipi di camera a a drift

> In contatto con:
« C. Pastore (OM)
« M. Mongelli (SPM)
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Richieste finanziarie per RD_FCC 2023

Consumi/lnventariabile:

= strumentazione per tubi a drift:

e  Aluminium wire (1000 m) - 1000 k€&
Tungsten wires (1000 m) — 1000 k€&
Feedthrough - 500 €
cap for drift tubes 500 €
Crimper machine 1000€
e RICHESTA: 4 k€

Missioni: meetings/workshops/testbeams

missioni: 13kE
responsabilita: 2ke

RICHIESTA: 15kE
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