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Organizzazione

Ø Diverse aree di interesse ed attività: 
• Misure di precisione per acceleratori e+e- (FCC-ee, CepC)
• Misure di precisione per acceleratori pp (FCC-hh) e SppC
• Prospettive di scoperta di nuova fisica  
• Infrastruttura di calcolo (BARI Tier 2 for RD_FA/FCC)

Ø Sono coinvolti fisici teorici e sperimentali

Ø Contributi forniti per CDR per CepC e FCC

Ø Decisioni della European Strategy for Particle Physics: 19 Giugno 2020
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Decisioni della European Strategy
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Timeline
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FCC-ee/CepC motivation
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universities'worldwide.!

e)! There! is! a! strong! scientific! case! for! an! electronGpositron! collider,!
complementary!to!the!LHC,!that!can!study!the!properties!of!the!Higgs!boson!and!
other! particles! with! unprecedented! precision! and! whose! energy! can! be!
upgraded.!The!Technical!Design!Report!of! the! International! Linear!Collider! (ILC)!
has! been! completed,!with! large! European! participation.! The! initiative! from! the!
Japanese!particle!physics!community! to!host! the! ILC! in! Japan! is!most!welcome,!
and!European!groups!are!eager!to!participate.!Europe'looks'forward'to'a'proposal'
from'Japan'to'discuss'a'possible'participation.!

f)! Rapid! progress! in! neutrino! oscillation! physics,! with! significant! European!
involvement,!has!established!a!strong!scientific!case!for!a!longGbaseline!neutrino!
programme!exploring!CP!violation!and!the!mass!hierarchy!in!the!neutrino!sector.!
CERN' should' develop' a' neutrino' programme' to' pave' the'way' for' a' substantial'
European' role' in' future' longBbaseline' experiments.' Europe' should' explore' the'
possibility'of'major'participation'in'leading'longBbaseline'neutrino'projects'in'the'
US'and'Japan.!

The Strategy update must strike a balance between maintaining the diversity of the scientific 
programme, which is vital for the field since a breakthrough often emerges in unexpected areas, 
and setting priorities since the available resources are limited. As already described, large-scale 
particle physics activities require substantial investment of human and financial resources for an 
extended period. Although many of these activities are important for particle physics, they 
require careful planning and prioritisation in the international context. Out of the many 
motivated proposals put forward by the community and described in the Briefing Book, only 
four activities have been identified as carrying the highest priority. 

One of the key questions of particle physics that should soon receive a definitive answer was 
already identified by the 2006 Strategy, i.e. whether the Standard Model of strong and 
electroweak interactions, with its minimal realisation of the Brout-Englert-Higgs mechanism of 
electroweak gauge symmetry breaking and the modifications required to account for neutrino 
oscillations, is a valid description up to energy scales much higher than the TeV scale, or is 
modified by the presence of new particles at energies accessible to present and future high-
energy colliders. 

Today, some essential milestones along these lines have already been reached. First, and 
foremost, a new boson with a mass near 125 GeV has been discovered, compatible with the 
scalar particle of the Standard Model within the present experimental errors; secondly, many 
particles, suggested by motivated extensions of the Standard Model with or without 
supersymmetry, have been excluded well beyond the previous LEP and Tevatron limits; finally, 
several new precision tests have confirmed the Standard Model description of flavour mixing 
and CP violation in the quark sector and established additional strong indirect constraints on 
possible new physics at the TeV scale and beyond. 

On the one hand, the net result of all this is an impressive consolidation of the Standard Model 
of strong and electroweak interactions, with the technical possibility of extending its validity to 
scales much higher than the TeV scale. The simplest attempts to modify the Standard Model at 
the TeV scale, for example TeV-scale supersymmetry or partial compositeness, in order to 
correct some of its perceived theoretical weaknesses have started to be seriously challenged. On 
the other hand, there is strong evidence that the Standard Model must be modified, with the 
introduction of new particles and interactions, at some energy scale. Such evidence comes from 
studies of neutrino oscillations, dark matter, the observed baryon asymmetry of the Universe, 
the need to eventually incorporate quantum gravity and a model for cosmological inflation. 
Also, there are good indications that some of these modifications could take place in the vicinity 
of the TeV scale. Firstly, the theoretical concept of naturalness suggests that the validity of the 
Standard Model cannot extend much beyond the mass of its scalar particle. Secondly, weakly 

1.2 Theoretical structure of the Standard Model Higgs boson

Table 1.1. The Standard Model values of branching ratios of fermionic decays of the Higgs boson for each value of
the Higgs boson mass mh.

mh (GeV) bb̄ ·
+

·
≠

µ
+

µ
≠

cc̄ ss̄

125.0 57.7 % 6.32 % 0.0219 % 2.91 % 0.0246 %
125.3 57.2 % 6.27 % 0.0218 % 2.89 % 0.0244 %
125.6 56.7 % 6.22 % 0.0216 % 2.86 % 0.0242 %
125.9 56.3 % 6.17 % 0.0214 % 2.84 % 0.0240 %
126.2 55.8 % 6.12 % 0.0212 % 2.81 % 0.0238 %
126.5 55.3 % 6.07 % 0.0211 % 2.79 % 0.0236 %

Table 1.2. The Standard Model values of branching ratios of bosonic decays of the Higgs boson for each value of
the Higgs boson mass mh. The predicted value of the total decay width of the Higgs boson is also listed for each
value of mh.

mh (GeV) gg ““ Z“ W
+

W
≠

ZZ �H (MeV)
125.0 8.57 % 0.228 % 0.154 % 21.5 % 2.64 % 4.07
125.3 8.54 % 0.228 % 0.156 % 21.9 % 2.72 % 4.11
125.6 8.52 % 0.228 % 0.158 % 22.4 % 2.79 % 4.15
125.9 8.49 % 0.228 % 0.162 % 22.9 % 2.87 % 4.20
126.2 8.46 % 0.228 % 0.164 % 23.5 % 2.94 % 4.24
126.5 8.42 % 0.228 % 0.167 % 24.0 % 3.02 % 4.29

are listed for mh = 125.0, 125.3, 125.6, 125.9, 126.2 and 126.5 GeV [47]. In Table 1.2 the predicted
values of the total decay width of the Higgs boson are also listed. It is quite interesting that with
a Higgs mass of 126 GeV, a large number of decay modes have similar sizes and are accessible to
experiments. Indeed, the universal relation between the mass and the coupling to the Higgs boson for
each particle shown in Fig. 1.1 can be well tested by measuring these branching ratios as well as the
total decay width accurately at the ILC. For example, the top Yukawa coupling and the triple Higgs
boson coupling are determined respectively by measuring the production cross sections of top pair
associated Higgs boson production and double Higgs boson production mechanisms.

1.2.4 Higgs production at the ILC

At the ILC, the SM Higgs boson h is produced mainly via production mechanisms such as the
Higgsstrahlung process e

+
e

≠
æ Z

ú
æ Zh (Fig. 1.3 Left) and the the weak boson fusion processes
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Higgsstrahlung process is an s-channel process so that it is maximal just above the threshold of the
process, whereas vector boson fusion is a t-channel process which yields a cross section that grows
logarithmically with the center-of-mass energy. The Higgs boson is also produced in association with
a fermion pair. The most important process of this type is Higgs production in association with a top
quark pair, whose typical diagram is shown in Fig. 1.3 (Right). The corresponding production cross
sections at the ILC are shown in Figs. 1.4 (Left) and (Right) as a function of the collision energy by
assuming the initial electron (positron) beam polarization to be ≠0.8 (+0.2).

The ILC operation will start with the e
+

e
≠ collision energy of 250 GeV (just above threshold for

hZ production), where the Higgsstrahlung process is dominant and the contributions of the fusion
processes are small, as shown in Fig. 1.4 (Left) . As the center-o�-mass energy,
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Figure 1.3. Two important Higgs boson production processes at the ILC. The Higgsstrahlung process (Left), the
W-boson fusion process (Middle) and the top-quark association (Right).
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√s = 240 GeV

e+e-→ HZ→ ggµ+µ-

u Higgs-strahlung (mH = 125 GeV)

u The gluon can be studied with Higgs decays (BR ~ 10%)

FCC-ee/CepC: focus on a 90-250 GeV e+e- machine (100 km circumf.)
5 ab-1 integrated luminosity to two detectors over 10 years à 106 clean Higgs events 

à FCC-ee/CEPC measure the Higgs boson production cross sections and 
most of its properties with precisions far beyond achievable at the LHC
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Higgs-strahlung or e+e-à ZH VBF production: 
e+e-àvvH (WW fus.), e+e-àHe+e- (ZZ fus.)

Higgs production at FCC-ee/CepC
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Model-independent precision measurements
Ø A Higgs boson is tagged by a Z and the recoil mass

§ Measure s(e+e- → HZ)
§ Deduce gHZZ coupling
§ Infer G(H→ZZ)
§ Select events with H→ZZ*

§ Measure s(e+e- → HZ, with H→ZZ*)

§ Deduce the total Higgs boson width GH

§ Select events with H → bb, cc, gg, WW, tt, gg, µµ, Zg, …
§ Deduce gHbb , gHcc , gHgg , gHWW , gHtt , gHgg , gHµµ , gHZg , ...
§ Select events with H → “nothing” 
§ Deduce G(H→invisible)

e+e-→ HZ

mH
2 = s+mZ

2 − 2 s(E+ +E− )

µ+

µ-

σ (e+e− →HZ→ ZZZ ) =σ (e+e− →HZ )× Γ(H→ ZZ )
ΓH

FCC-ee/CepC: Higgs factory at √s=240 GeV
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Ø Best mass precision can be achieved with the Zàll (ee,µµ) decays
Ø Cross section, ZH and the Higgs-Z boson coupling g(HZZ), can be derived in a model-

independent way
Ø g(HZZ) and Higgs decay branching ratios can be used to derive the total Higgs boson decay 

width.
Ø A relative precision of 0.9% for the inclusive 

cross section has been achieved. 
Ø The Higgs mass can be measured with a 

precision of 6.5 MeV; the precision is limited by 
the beam energy spread, radiation effect and 
detector resolution

Ø A relative precision of 0.51% on s(ZH) by 
combining ee,µµ and qq channels

Ø g(HZZ) can be extracted from s(ZH) with a 
relative precision of 0.25%

Higgs from recoil mass method

8
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Projections for CEPC at 250 GeV with 5 
ab-1 integrated luminosity and 7 
parameters fit

Ø assuming lepton universality à 9 parameters

Ø 10 parameters

Ø assuming the absence of exotic and invisible decays à7 parameters:

Concerning BRinv a high accuracy of 0.25%, while the HL-LHC can only manage a 
much lower accuracy of 6-17%.

Higgs coupling measurements

9
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The IDEA experiment at FCC-ee/CepC
FCC-ee at CERN

CEPC at IHEP-China

10

IDEA: proposta di 
esperimento INFN
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The Drift Chamber for the IDEA experiment

Drift  
Chamber

11
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The Drift Chamber for the IDEA experiment

dE/dx = 4.3 %

dN/dx = 2.2 % (at εN = 80 %)

Δpt/pt = (0.7pt + 8.3) ×10-4

Δϑ = (1.1 + 9.4/p) × 10-4 rad
Δφ = (0.33 + 9.4/p) × 10-4 rad

12
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Partecipazione di INFN Bari a progetti
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Progetti internazionali e nazionali

call H2020-MSCA-RISE-2019: progetto ”FEST” iniziato
“Future Experiments seek Smart Technologies (FEST)”

§ bloccato per il COVID-19

call H2020-INFRASUPP-2018-2020 progetto ”CREMLIN+” iniziato
“Connecting Russian and European Measures for Large-scale Research 
infrastructure”

§ “Development and design of Particle Identification and tracking 
systems” per la SCT 

call AIDAinnova: proposta accettata
§ “Cluster Counting/Timing: data reduction and pre-processing of drift chamber 

signals sampled at high rates” finanziato con soli 20kE per INFN Lecce

14
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Partecipazione a progetti

Progetto per outreach ”PhysicsInvolvingPeople” – finanziato
§ Da Bari: N. De Filippis, M. Abbrescia, L. Silvestris, G.Iaselli
§ organizzazione, attraverso il coinvolgimento di studenti dell’ultimo anno delle scuole superiori, di una

giornata evento di divulgazione scientifica in cui gli studenti parteciperanno alla creazione di un
cortometraggio che verrà proiettato durante gli eventi finali rivolti a tutta la cittadinanza e che saranno
resi disponibili su varie piattaforme web.

Proposta per Call H2020-MSCA-RISE-2020 ”NEPHTHYS” – sottomesso
“New Frontier for experimental particle physics and technology scouting”
Obiettivi:

§ the EFT modeling for new physics and the interpretation of the Higgs and Dark Matter measurements 
provided by the LHC experiments within the EFT framework; 

§ the development of new technologies for silicon and gas detectors for charged particle detection and 
identification in future collider experiments;

§ the development of applications for data analysis, data mining and scouting using machine learning 
techniques. 

15
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FEST (1)

Approvato con valutazione 90.4/100  per 
un totale di 2,106,800€ (100% di quanto 
richiesto) di cui
1,426,000€ all'INFN

•8 nazioni, europee e non
•11 istituti e industrie
•14 sezioni INFN
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FEST (2)
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CREMLIN+ (1)

ü Funded under EU ś Research 
and innovation Programme
Horizon 2020

ü CREMLINplus is a Research 
and Innovation Action (RIA), 
following INFRASUPP-01-
2018-2019 

ü Project duration: 4 years, 
01.02.2020-31.01.2024 

ü Budget: 25 million EUR 

ü Consortium: 35 partners 

ü Coordinator: DESY 
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CREMLIN+ (2)

10 Russian partners

25 European partners
INFN
FE, LNFàTask 5.4: Development and 
design of Inner Tracker for the SCT 
detectorà full cylindrical IT based on 
the innovative µ-RWELL technology 
BA, LE àTask 5,3, 5.5
Budget amount: 292 K€ (Lecce+ Bari) + 
~70 Keuro overhead

19
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CREMLIN+ (3)

10 WPs, WP5: Joint technology development 
around SCT and future lepton colliders

• Consortium BINP & CERN (coordinating 
partners); and JLU; CNRS_LAL; INFN

• Budget 2.19 MEUR

High lumi e+e- collider (1035), 
4-6 GeV CM energy

synchrotron radiation source 

20
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CREMLIN+ (4)

Task 5.3

Ø SCT detector software framework AURORA
o https://git.inp.nsk.su/sctau/aurora

Ø Synergy with the Key4HEP (turnkey software) initiative
o https://github.com/key4hep

Ø Work in progress for
o Event generators, Detector geometry description, 

Reconstruction algorithms, Event selection tools

Development of software for the design of 
an SCT detector

Development and design of Central Tracker for 
the SCT detectorTask 5.5

Ø An ultra-low mass Tracking Chamber with Particle Identification capabilities (TraPId) concept 
(INFN Lecce and Bari)
o Low material
o Improved identification with cluster counting
o Synergy with MEG2 DC and the IDEA DC project for FCC-ee and CEPC
o New drift chamber for the CMD3 experiment as a prototype for the SCT central tracker

21
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Attività svolta da INFN Bari
nel 2019 e 2020
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Strategia delle attività

Ø Test e caratterizzazione di un prototipo di camera a deriva
§ analisi dati del Test Beam 2018

Ø Test e caratterizzazione di una camera di monitoraggio della velocità di 
deriva

§ simulazione della camera

Ø Simulazione della camera a drift con Geant4 ed integrazione in IDEA

Ø Contributo alla progettazione meccanica per nuovo prototipo per SCT 
àIDEA

La partecipazione alle attività relative alla progettazione, simulazione e
costruzione della camera a deriva per IDEA (FCC-ee/CepC/SCT) richiede
numerosi passi :
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Analisi dati test beam 2018

Pubblicazione: «First test-beam results obtained with IDEA, a detector concept designed for 
future lepton colliders», Nucl. Instrum. Methods Phys. Res., A 958 (2020) 162088

Trattamento del rumore
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Camera di monitoraggio della velocità di deriva

25

Motivazioni:
Variazioni dell’ordine del percento della velocità di drift incidono, su una distanza di drift di 5
mm, con un non trascurabile contributo di 50 μm alla risoluzione spaziale.

E’ necessario:
• monitorare tutti i parametri (campo elettrico, miscela di gas, pressione, vapori d’acqua)

che possono indurre variazioni di velocità di drift al livello di qualche per-mille
• test in letteratura dimostrano che un continuo monitoraggio della velocità di drift al livello

del±1×10-3 in tempi dell’ordine di poche decine di secondi consente di apprezzare:
• variazioni di campo elettrico di 2V/cm; 
• variazioni relative di contenuto di isobutano del 4.3×10-3; 
• variazioni della pressione della miscela di 0.8 mbar; 
• variazioni di contenuto di vapori d’acqua di -150 +80 ppm.
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Camera di monitoraggio della velocità di deriva

26

Struttura della camera
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Camera di monitoraggio della velocità di deriva

27

Principio della misura
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Camera di monitoraggio della velocità di deriva
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Simulazione della camera:

• simulation program Garfield
• simulation different gas-mixtures
• simulation of electric field configuration and tracks

through the  chamber
• simulation of the measurement
• scope: to determine the optimized value for Vs

and Vg to ensure a  high and uniform electric field
in the two drift cells. Electric field configuration 

with
Vg = −350V , Vs = 925V

proceeding
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Progettazione meccanica camera a deriva per SCT

29

CMD3 camera (prototipo di SCT) —> diametro di 60 cm e lunghezza 40 cm
camera di SCT—> diametro 1 m e lunghezza fra 1.5 e 2 m (intermedia)
Ottimizzazione del progetto meccanico (A. Miccoli e F. Cuna (Lecce) in 
contatto con C. Pastore, M. Mongelli, V. Valentino )
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Progettazione meccanica camera a deriva per SCT
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• E’ essenziale che il programma di futuri acceleratori sia supportato 
dall’evoluzione del calcolo scientifico

• E’ stata creata una “virtual organization” rdfa per attività RD_FA in GRID: 
• una coda del CNAF associato alla VO e 10TB di disco

• Il centro ReCaS Bari è il primo Tier2 che supporta la VO rdfa quanto:
• ci sono le risorse per ospitare le simulazioni per RD_FCC 
• c’è il know-how su strumenti di calcolo
• Il ranking come Tier2 di CMS (ed Alice) è buono

• I dati del testbeam del 2018 sono storati a Bari ed accessibili via grid da 
chiunque sia sottoscritto alla VO rdfa

• Simulazione della camera a deriva con programma GARFIELD a Bari

• Partita l’attività di simulazione di eventi di fisica, simulazione del rivelatore 
IDEA ed uso di risorse per il machine learning

31

Calcolo per RD_FCC
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Anagrafica e richieste 2021
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Anagrafica RD_FCC/CREMLIN+ 2021
INFN- Bari 2020

N. De Filippis (Assoc. Prof.) 30% 
M. Abbrescia (Assoc. Prof.) 15% 
R. Aly (PhD) 30%
I. Margjeka (PhD) 20%
W. Elmetenawee (PhD) 30%
M. Maggi (1+ ricerc. INFN) 20%
G. Iaselli (Full prof.) 10%
TOT 1.55 FTE
Officina meccanica 1 m.u.
Servizio Progettisti Meccanici 1 m.u.

In contatto con: 
• C. Pastore (OM)
• M. Mongelli (SPM)
• V. Valentino (SPM)
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Richieste finanziarie per RD_FCC 2021

Missioni: meetings/workshops (escludendo missioni su FEST)
INFN- Bari k€

N. De Filippis 2
M. Abbrescia 1
R. Aly 1
I. Margjeka 1
W. Elmetenawee 1
M. Maggi 0,5
G. Iaselli 0,5
TOT 7k€

Richieste su FEST (le stesse dell’anno scorso)
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Richieste finanziarie per consumi RD_FCC 2021

Si richiede supporto per strumentazione di  laboratorio per il 
funzionamente per “vdrift monitoring chamber” in costruzione 
presso INFN Lecce.

La raccomandazione della CSN1 nel 2019 è stata di continuare 
la attività formazione del personale con i colleghi di Lecce per 
poi procedere quest’anno alla valutazione della proposta.

Essa include: 
• sorgente
• bombola di gas
• sistema di monitoraggio pressione del gas
• elettronica di lettura
• alimentazione e circuiti di alimentazione 

(vedi prossime 3 slide per i dettagli)
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Ø Baratron: MKS mod. 631D range 0.1÷1000Torr (1383.00)
Ø Pressure controller: MKS mod. 250E-1D (2950.00)
Ø Proportional valve: MKS mod. 248D (832.00)
Ø Pump: 5l/min 120kPa (17.70)

Monitor chamber: monitoring system
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Ø Biasing
§ 20 (2x10) precision 

resistors for wires 
biasing

§ 1 resistor for guards 
wires biasing

§ 5 resistors for sense 
wires biasing

Ø Amplifing
§ 4 low-

noise/distortion gain 
(~10) channels

Ø Digitizing
§ 4-channels 

WaveDream board

0

-HV8

R4

10Mohm

-HV10
R1

1Mohm

R5

1k

-HV9

-HV1

R3

10Mohm

R2

10Mohm

-HV

G5

G2

G1
R6

1Mohm

G3

G4

-HVG

R14

10Mohm

w1_in

R11

1Mohm

w3_in

R12

10Mohm

w2_in

G1

C2

1n

C4

1n
w4_in

w1_out

w4_out

G3

R15

10Mohm

C1

1n

G4

G2

w3_out

-HVS

R13

10Mohm

w2_out

C3

1n

Monitor chamber: biasing/amplifying - DC
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Ø Biasing
§ 30V dc

Ø Amplifing
§ 4 low-distortion 

gain channels

SiPM_4_in

C1

1n

A3

R19

1k

SiPM_4_out

SiPM_1_out

R16

1k

SiPM_3_in

SiPM_1_in

C2

1n

R17

1k

SiPM_2_in A2

A1

A4

SiPM_2_out

C4

1n

R18

1k

C3

1n
SiPM_3_out

R20

1k

+V_SiPM

Monitor chamber: biasing/amplifying - SiPM
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Richieste finanziarie per RD_FCC 2021

Consumi: supporto lab per “vdrift monitoring chamber”

Quantità Descrizione Modello costo unitario costo totale

gas
1 Baratron MKS mod. 631D € 1.383,00 € 1.383,00
1 Pressure controller MKS mod. 250E-1D € 2.950,00 € 2.950,00
1 Proportional valve MKS mod. 248D € 832,00 € 832,00
1 Pump 5l/min 120kPa € 17,00 € 17,00
1 Valvole per switch, raccordi, ecc € 600,00 € 600,00

totale gas + IVA € 7.054,04

biasing
2 convertitore DC/DC HV CAEN A7502N, -2.1kV € 180,00 € 360,00
2 alimentazione per SiPM € 200,00 € 400,00

40 Resistenze HV HVC2512-1G0JT18 € 1,53 € 61,20
8 wire pcb € 120,00 € 960,00

totale biasing + IVA € 927,20

elettronica
4 canali FE per fili € 70,00 € 280,00
4 canali formazione SiPM € 50,00 € 200,00
1 connettori, pcb € 200,00 € 200,00
1 4-ch's WaveDream Board € 1.345,00 € 1.345,00

totale elettronica + IVA € 2.470,50

totale € 10.451,74
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• Nell’arco del 2019 e 2020 sono partite molte attività relative al 
nostro impegno sui futuri acceleratori

• Le attività per FCC/CepC trovano ampio supporto e 
considerazione nelle decisione della European Strategy

• Abbiamo due progetti di ricerca ufficialmente approvati ed uno 
di outreach

• L’impegno è destinato a crescere nel breve e lungo termine
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Conclusioni


