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Compact Muon Solenoid

~76k scintillating PbWO4 crystals

Silicon strips
  ~16m2   ~137k channels

~13000 tonnes

MUON CHAMBERS 
Barrel:   2250 Drift Tube & 480 Resistive Plate Chambers
Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

STEEL RETURN YOKE 

HADRON CALORIMETER (HCAL)
Brass + plastic scintillator
~7k channels

SILICON TRACKER

FORWARD
CALORIMETER 

PRESHOWER

SUPERCONDUCTING
SOLENOID 

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)

Total weight 
Overall diameter 
Overall length
Magnetic field

: 14000 tonnes
: 15.0 m
: 28.7 m
: 3.8 T

Niobium-titanium coil
carrying ~18000 A

Pixels (100 x 150 μm2)
  ~1m2      ~66M channels
Microstrips (80-180μm)
  ~200m2   ~9.6M channels

Steel + quartz fibres
~2k channels

CMS Detector
Pixels
Tracker
ECAL
HCAL
Solenoid
Steel Yoke
Muons



• Long Shutdown (LS2) in corso 
- stop del complesso di acceleratori del CERN per 2 anni; 
- manutenzione e upgrade sostanziali di tutti i principali acceleratori; primi interventi in preparazione 

di HL-LHC; 
- LHC: 13 TeV → 14 TeV; 
- aumento intensità dei fasci ⟹ aumento luminosità integrata con livellamento luminosità istantanea; 
- manutenzione e upgrade di tutti gli esperimenti 

• CMS durante LS2: 
- manutenzione di tutti i rivelatori: in particolare, sostituzione del layer 1 del rivelatore a pixel; 
- principali interventi di upgrade già portati a termine durante gli stop precedenti: ultimo rimanente, 

nuovo front-end per il calorimetro adronico (barrel) (+ PPS) 
- iniziano gli upgrade per “Fase 2” (HL-LHC): parte del rivelatore di muoni e nuova beam pipe.
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Stato dell’esperimento



~900 articoli pubblicati 

- 9 articoli sull’analisi dell’intera statistica di Run 2  
(137 fb–1)
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Produzione scientifica

Show all  Total  Exotica  Standard Model  Supersymmetry  Higgs  Top  Heavy Ions

B and Quarkonia  Forward and Soft QCD  Beyond 2 Generations  Detector Performance

887 collider data papers submitted as of 2019-06-28
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• Tracciatore a pixel dello spettrometro di protoni (PPS) 
- Produzione nuovi sensori per Run 3 
- Nuova elettronica di lettura di front-end e meccanica di supporto per Run 3 
- Software di simulazione, ricostruzione, monitoring 

• Tracciatore al silicio per Fase 2 
- Preparazione qualifica ibridi di servizio per il tracciatore esterno 

• MIP timing layer (upgrade Fase 2) 
- Schede di test per rivelatori UFSD 

• Analisi dati 
- Studio della produzione centrale esclusiva di coppie tt ̄(pp → pp tt)̄ 

• Responsabilità: 
- membro Conference Committee: S. Tosi 
- coordinatore software offline PPS: F. Ferro 
- coordinatore tracciatore PPS: E. Robutti
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Attività in corso gruppo di Genova



• Studia la produzione centrale esclusiva in interazioni protone-protone (p p → p X p) 

• Utilizza roman pot a circa 200 m dal punto di interazione di CMS, da entrambi i lati 
- per ogni lato due stazioni di tracciamento a pixel di silicio e una stazione di timing 

• Diverse analisi dati in corso 
- una pubblicata; due in stato avanzato 

• Continuazione della presa dati per Run 3 approvata in estate 2018 
- nuovi rivelatori necessari per rimpiazzare quelli danneggiati dalla radiazione
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Precision Proton Spectrometer (PPS)

CMS

203 m214 m216 m

TOTEM

tracking stations 
(horizontal)

timing station

An alternative method developed to dynamically determine the alignment of the CDF RP Spectrometer
at the Tevatron is also briefly described below. This is a self-consistent data-driven method, and it uses
an in-situ calibration to perform the alignment. It uses the fact that in the proximity of |t| = 0, the
|t|-distribution can be represented as d�/dt = Ne�b|t|, where N is an arbitrary normalization factor and
b the slope of the distribution. Alignment is achieved by seeking the maximum of the d�/dt distribution
at |t| = 0. The implementation of the alignment method consists of introducing software offsets in
the X and Y coordinates of the tracking detectors with respect to the physical beam-line position, and
iteratively adjusting them until a maximum for d�/dt at |t| = 0 (or of the dominant slope b) is found.
The (x, y) position for which this happens corresponds to that of the aligned tracking detector. This
method is limited by the size of the data sample, the detector resolution, and the variations of the beam
position during data taking. A resolution of ' 60 µm has been obtained at the Tevatron; for the LHC
beam optics and energy, and with the new CT-PPS detector resolution, the accuracy has not yet been
estimated. The method is discussed in detail in Ref. [14].

Relative alignment between the tracking and the timing stations is not discussed here. More details can
be found in Section 5.2.5.

2.8 Physics processes

Study of physics processes with forward protons may extend the physics reach of the LHC experiments.
Here, we consider two physics cases that address different issues: exclusive dijet and exclusive WW
production. These processes will allow us to investigate central exclusive production with both protons
measured in the mass region above 300 GeV, as well as to learn about rates, backgrounds, and operational
aspects of the forward detectors. Knowledge already gained in operating the TOTEM experiment during
Run 1, and the experience of the combined CMS-TOTEM data-taking will be used. The exclusive
dijets produced in gluon-gluon fusion will allow improving our understanding of the proton structure as
well as of the transition between non-perturbative and perturbative QCD. These jets are predicted to be
nearly 100% gluon jets with a small admixture of bb̄. The more rare high-energy two-photon exclusive
production of �� !WW will extend the possibility to study quartic gauge-couplings as well as to study
deviations from the expected WW mass spectrum due to possible new BSM physics. Schematic leading-
order diagrams of these two processes are shown in Figure 24.
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Figure 24: Leading order diagrams for exclusive dijet (left) and exclusive WW (right) production in pp
collisions.

2.8.1 Central exclusive dijet production

In exclusive dijet production both protons escape intact the hard interaction, and a two-jet system is
centrally produced, pp ! p0JJp0. Exclusive production may occur through a t-channel two-gluon ex-
change at leading order in perturbative QCD as shown schematically in Figure 24 (left). This process is
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Measuring the diphoton coupling of a 750 GeV resonance

S. Fichet and G. von Gersdor↵
ICTP-SAIFR, IFT, São Paulo State University, Brazil

C. Royon
Kansas University, Lawrence, USA and

Nuclear Physics Institute (PAN), Cracow, Poland

A slight excess has been observed in the first data of photon-photon events at the 13 TeV LHC,
that might be interpreted has a hint of physics beyond the Standard Model. We show that a
completely model-independent measurement of the photon-photon coupling of a putative 750 GeV
resonance will be possible using the forward proton detectors scheduled at ATLAS and CMS.

INTRODUCTION

The Large Hadron Collider (LHC) is currently per-
forming collisions at the unprecedented center-of-mass
energy of 13 TeV. Its primary goal is the search for
physics beyond the Standard Model (SM) of particle
physics. The most spectacular finding would be the ob-
servation of resonant production of new particles that
would show up as a bump in the invariant mass spec-
trum of certain observed final states.

The ATLAS and CMS Collaborations have recently re-
ported a small excess over the expected diphoton mass
spectrum, in the first 13 TeV collisions recorded at the
LHC [1, 2]. The excess lies at an invariant mass of ap-
proximately ⇠ 750 GeV, with a decay width estimated
to �tot ⇠ 45 GeV by the experimental analyses. While
it is too early at this stage to know whether this excess
is real or if it is due to statistical fluctuations, it is im-
portant to discuss which particle beyond the SM might
explain the excess and how to test such hypotheses fur-
ther. Many suggestions have been recently proposed, see
Refs. [3–114].

In this letter we will work under the assumption that
the excess is due to a spin-0 resonance which we will de-
note by �. The next step is to pin down its properties,
in particular how it couples to SM fields. One possibility
is to investigate other potential decay channels, in par-
ticular decays into ZZ, Z� and W

+
W

� are generically
expected [24, 100]. On the other hand, as with the SM
Higgs boson, a lot of information could be obtained if one
were able to tag individual production modes. Most of
the recent literature has been focussing on gluon fusion
or quark fusion (see, e.g. [11]). Given that the resonance
has to have sizable couplings to photons, another possi-
bility is photon fusion [24, 25, 95, 110]. These produc-
tion modes are dominantly inelastic, as the protons are
destroyed in the collision, as depicted in Fig. 1.

In this letter we propose to measure directly the cou-
pling of the resonance to photons in the elastic scattering
process pp ! pp��, in which the colliding protons remain
intact. For this we have to consider the two diagrams in
Fig. 2. The first one is photon fusion, the second one

FIG. 1. Schematic representation of the resonant inelastic
process pp ! ��X with gluon and quark fusion (above) and
photon fusion (below).

FIG. 2. Schematic representation of the resonant elastic
process pp ! ��pp. The elastic gluon fusion process requires
an additional exchange of a virtual gluon.

is gluon fusion with an additional gluon exchange to en-
sure that no color is extracted from the proton. As will
be shown below, for any set of parameters explaining the
diphoton excess at 750 GeV, the second process will have
too small a cross section. In turn, using the former pro-
cess, namely elastic photon fusion, it will be possible to
directly measure the photon coupling to the resonance
with a precision that allows to access the theoretically
interesting parameter space. The experimental strategy
to suppress the dominant inelastic processes and thereby
allowing us to observe the elastic photon fusion process
is to demand the detection of intact protons in forward
detectors. In this way, a very clean sample of exclusive
di-photon production can be obtained, and requesting a
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• Rivela i protoni in prossimità del fascio di LHC (fino a ~1.5 mm) 
- sensori a pixel con tecnologia 3D: 4 × 6 piani, ~0.5M canali; 
- operano nel vuoto a T ≈ –20 C; 
- predominante contributo di Genova: elettronica di front-end, 

meccanica, assemblaggio, commissioning, installazione,  
software on-line, simulazione, ricostruzione, monitoring 

- 2 stazioni installate nel 2017, 4 nel 2018: prestazioni eccellenti 

• Rivelatori + chip di front-end danneggiati dalla radiazione in Run 2 
- ⟹ sostituzione totale dei rivelatori; 
- nuova versione del chip di lettura ⟹ nuova versione dell’elettronica di front-end; 
- chip sensibili al danno da radiazione non uniforme (differenze di oltre 3 ordini di 

grandezza) ⟹ sviluppo di un sistema di movimentazione interna al pot per 
distribuire il danno nel tempo; 

- meccanica completamente rivisitata
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Tracciatore a pixel di PPS



• Tracciatore di CMS completamente ridisegnato 
per l’upgrade a HL-LHC 

• Il gruppo di Genova caratterizzerà gli ibridi di  
servizio dei moduli di tipo ‘PS’ costruiti dall’INFN 
(~2000 moduli) 
- attività in preparazione: set-up allestito nella camera pulita  

di L100 a partire dal 2020
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Tracciatore CMS Fase 2



• Per affrontare gli alti livelli di pileup di HL-LHC, CMS si 
doterà di uno strato di rivelatori di tempo per tracce 
cariche 
- risoluzione richiesta ~30 ps; 
- tecnologia scelta per gli endcap: Ultra Fast Silicon Detector (UFSD), 

ruolo leader dell’INFN 

• Il gruppo di Genova sta partecipando alla fase di R&D dei  
sensori sviluppando schede di amplificazione dedicate  
e sistemi di DAQ per i test su fascio 

• Allo studio la possibilità di includere strati di timing nelle stazioni  
di tracciamento di PPS
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Endcap Timing Layer



• Processo interessante per lo studio in generale della produzione esclusiva (via gg o 
γγ) e per la produzione di top 
- Mai osservato finora 

• Potenzialmente sorgente di top “pulitissima”, utilizzando il match della cinematica 
dei protoni rivelati da PPS con quella dei top ricostruiti dal rivelatore centrale 

• Grandi incertezze sulle sezioni d’urto di produzione: in generale molto piccole 
 (~ 1 fb) 

• Analisi in corso, con l’utilizzo di campioni di segnale simulati ad hoc (protoni inclusi)
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Studio della produzione centrale esclusiva tt ̄Motivation 

•  Goal: evaluate the feasibility of the study of ttbar pairs in Central Exclusive Production (CEP) !

•  Observation of exclusive production of top pairs would be a significant milestone in itself!

•  This new production channel could help shedding new light both on exclusive production processes, 
and on top quark production !

•  a clean way to produce top quarks, without colour connections to the proton remnants!

•  additional kinematic constraints by tagged protons, if a perfect matching is obtained !

-> we might get some of the “cleanest and best” top quarks ever !!!

•  The experience gained with the first measurement on ttbar can then help to study possible constraints 
on New Physics  (anomalous tqγ couplings), especially interesting in the case of single top CEP (ArXiv 
0908.2020)!

tt!
tt!

2 



• T1 ha preso dati dal 2011 a 7, 8 e 13 TeV nei runs a bassa luminosità, come da design. “Missione 
compiuta”. 

• T1 disinstallato a fine 2016 e tenuto  
pronto per la reinstallazione. 

• T1 spostato in area di storage  
e mantenuto sotto gas. 

• T1 forse reinstallato per il run speciale 
a 14 TeV del Run 3.
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TOTEM: impegno di Genova

F. F E R R O

RESPONSABILITÀ di Genova

‣ F. FERRO  -  Resp. locale,  Collaboration Board Member & T1 Software Coordinator 
‣ E. ROBUTTI       -  T1 System Manager (detector)  & Technical Board Member 
‣ S. MINUTOLI      -  T1 System Manager (elettronica) & Technical Board Member 
‣ M. BOZZO          -  Editorial Board Member



PROGRAMMA di FISICA

• Programma di fisica stand-alone in runs speciali di LHC a bassa luminosità 
• Programma di fisica con CMS in runs speciali di LHC a bassa luminosità 
• Parte di TOTEM per i runs ad alta luminosità inglobato in CMS sotto PPS (Precision Proton 

Spectrometer) 

Pubblicazioni nell'ultimo anno

• Elastic differential cross-section dσ/dt at √s =2.76 TeV and implications on the existence of a colourless 

3-gluon bound state CERN-EP-2018-341  
• Elastic differential cross-section measurement at √s = 13 TeV by TOTEM CERN-EP-2018-338 
• First determination of the ρ parameter at √s = 13 TeV - probing the existence of a colourless three-gluon 

bound state CERN-EP-2017-335v3  
• First measurement of elastic, inelastic and total cross-section 

at √s = 13 TeV by TOTEM and overview of cross-section data 
at LHC energies Eur. Phys. J. C (2019) 79:103 

Consiglio di Sezione, Genova, 1/7/2019  12

Highlights 2018-2019

F. F E R R O

PROGRAMMA  2020 (GENOVA)

‣Analisi dati di Run 1 e Run 2  
‣Mantenimento del rivelatore

http://cds.cern.ch/record/2651236
http://cds.cern.ch/record/2651186
https://cds.cern.ch/record/2298154
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-6567-0
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Anagrafica

CMS CMS 
Fase 2 TOTEM TOTALE

Marco Bozzo prof. ass. in pensione 0,0

Fabrizio Ferro ricercatore INFN 0,4 0,3 0,3 1,0

Mario Macrì dir. ric. INFN in pensione 0,0

Roberto Mulargia dottorando 0,3 0,2 0,5

Enrico Robutti ricercatore INFN 0,4 0,3 0,1 0,8

Silvano Tosi prof. ass. 0,7 0,7

TOTALE FTE 1,8 0,8 0,4 3,0

CMS - TOTEM
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Richieste ai servizi

Esperimento Richiesta (m.u.) Oggetto

Progettazione 
Meccanica CMS 3

Tracciatore PPS: 
- nuovi supporti rivelatori; 
- test movimentazione interna; 
- attrezzature di assemblaggio moduli; 
- misura posizione sensori

Officina Meccanica CMS 3

Servizio Elettronico

CMS

10 (S. Cerchi)
- Disegno e test nuove schede di readout tracciatore PPS 
- Qualifica moduli tracciatore PPS 
- Preparazione set-up di qualifica per tracciatore Fase 2

3 (S. Minutoli) - Studio elettronica di front-end per possibile integrazione della 
misura di timing (UFSD) nelle stazioni di tracciamento PPS 

- Supporto allo sviluppo e test del front-end del tracciatore PPS2

TOTEM
1 (S. Minutoli)

Attività al CERN connesse alla manutenzione di T1
1 (S. Cerchi)

Servizio Calcolo CMS,  TOTEM 1 Mantenimento risorse dedicate di CPU e storage sulla farm di Sezione


