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• Una delle sfide poste da HL-LHC è data  
dall’altissimo numero di vertici per bunch  
crossing (pileup): ~200 vertici 

• Gli esperimenti si stanno attrezzando per aggiungere 
la misura di una coordinata temporale. Due approcci: 
- misura di t lontano dal vertice, da associare alle relative 

tracce 3D (“timing layer”) 
- tracciamento 4D: misura di precisione di spazio e tempo 

• ⟹ TimeSpOT: sviluppo di rivelatori a pixel 
- risoluzione spaziale: ~10 μm; 
- risoluzione temporale: ~100 ps; 
- resistenza a radiazione: ~1016 (1MeV neq) cm–2; 
- flusso di dati: ~1 Tbit/s
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Figure 1.2: Left: Simulated and reconstructed vertices in a 200 pileup event assuming a MIP
timing detector covering the barrel and endcaps. The vertical lines indicate 3D-reconstructed
vertices, with instances of vertex merging visible throughout the event display. Right: Rate of
tracks from pileup vertices incorrectly associated with the primary vertex of the hard interac-
tion normalized to the total number of tracks in the vertex.

0.3 mm�1. The performance of b-jet identification, which relies on vertex reconstruction, is167

enhanced. The removal of pileup tracks from the isolation cones improves the identification168

efficiency for isolated leptons and photons, which are key signatures of many processes of in-169

terest for the HL-LHC program. Similarly, the reconstruction of spatially extended objects and170

global event quantities that are vulnerable to the pileup, such as jets and pmiss
T , is also signif-171

icantly improved. At 200 pileup, the pmiss
T resolution improves by about 10% and the rate of172

reconstructed jets that are spuriously clustered particles from pileup interactions (“pileup jets”)173

is reduced by up to 40%, using track-time information in jet reconstruction.174

Chapter 3 presents thorough simulation studies of track and vertex reconstruction, of parti-175

cle isolation, of jet and pmiss
T reconstruction, and of benchmark physics measurements and176

searches. These studies consistently motivate that precision timing in the barrel and in the177

endcaps, with about 30 ps resolution, not only offsets the performance losses in the transition178

from 140 to 200 pileup events, but also recovers the Phase-1 (40 pileup) performance of the179

CMS detector, thereby enhancing the HL-LHC physics reach.180

1.2 Impact of precision timing on the HL-LHC physics program181

The CMS physics program at the HL-LHC will target a very wide range of measurements,182

including in-depth studies of the Higgs boson properties and direct searches for physics be-183

yond the standard model (BSM). The added value of a timing detector, quantified in terms of184

improved vertex identification, acceptance extension for isolated objects, improved pmiss
T reso-185

lution, and pileup jet rate reduction, makes a significant impact on the CMS physics program186

across several channels. These performance gains are gauged in Chapter 3 with benchmark187

analyses representative of Higgs boson measurements, supersymmetry (SUSY) and other BSM188

searches. A synopsis is presented in Table 1.1, where detector requirements are mapped into189

analysis and physics impacts. The benefits are broad, as further expanded below.190

The characterization of the Higgs boson properties, with precision measurements of the Higgs191

boson couplings to standard model (SM) particles, and the search for rare SM and BSM decays,192

will benefit from the improved acceptance for isolated objects, and in the case of H ! gg de-193

cays from improved vertex identification. The quality of the isolation discriminant relies on the194
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• 10 unità di ricerca partecipanti, ~20 FTE 
• Attività suddivisa in 6 ‘Work Package’: 

- WP1: Sviluppo di sensori al silicio 3D 
ottimizzati per misure di tempo 

- WP2: Sviluppo di sensori al diamante 3D  
 ottimizzati per misure di tempo
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- WP3: Progetto e realizzazione  
di circuiti integrati per il front-end 

- WP4: Progetto e realizzazione  
di elettronica integrata per il tracciamento veloce 

- WP5: Progetto e realizzazione  
di schede di acquisizione veloci 

- WP6: Integrazione e sistemi di test
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Nicola Neri TIMESPOT  WP4 Fast Tracking Device

Existing fast track finders 
‣ Track pattern recognition without 

combinatorics 

- parallel matching of hits to pre-
calculated track patterns, track 
parameters from linearised fit  

- use custom ASICs: Associative 
Memory (AM), based on content-
addressable memory (CAM) 

‣ First use in CDF experiment: SVT, 
latency 10μs and input rate 30 kHz 

‣ FTK device in ATLAS use similar 
concept. Latency ~50μs and input 
rate 100 kHz
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Basic summary of available “low-cost” cards

Within the ATLAS TDAQ table

Demo KC-705 Demo Mini-Felix VC-709

Bologna

Pixel_ROD
FELIX FLX-711/712Pixel_ROD
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Telescope setup at CERN SPS

● The telescope has been operated on a 
particle beam at the CERN SPS

● Charged particle beam with average 
momentum of 180 GeV/c, and transverse 
beam size of about 5mm

● Telescope mounted in 7-planes 
configuration for 2D track reconstruction

● A roto-translation stage was used for 
testing the telescope in different positions

● The same configuration has been used to 
test the Artificial Retina algorithm for real-
time 2D track reconstruction



• Attività a Genova concentrata su test dei sensori 
• In particolare, attrezzatura della sala a raggi X (L107) per l’utilizzo come struttura 

per studi di irraggiamento: 
- tubo in tungsteno: acquistato; 
- filtro in alluminio: pronto; 
- diodi PIN calibrati per poter convertire i parametri usati (V, I, t) in dose assorbita: acquistati; in 

attesa di calibrazione al CERN; 
- upgrade con sistema di raffreddamento e flussaggio “secco”: in previsione 

• Inoltre, partecipazione a campagne di test comuni 
- possibile contributo a DAQ
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Attività a Genova
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Roberto Mulargia dottorando 0,3

Enrico Robutti ricercatore INFN 0,2

TOTALE FTE 0,5

Anagrafica

AnagraficaAnagrafica  e Richieste ai Servizi

Richiesta (m.u.) Oggetto

Progettazione Meccanica 1 Parti per raffreddamento rivelatori in irraggiamento

Officina Meccanica 1 Parti per raffreddamento rivelatori in irraggiamento

Servizio Elettronico 1 (S. Cerchi) Supporto per allestimento sessioni irraggiamento sensori

Richieste ai servizi


