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Fisica in avanti ad alta luminosità
La possibilità di rivelare protoni diffusi a piccolo angolo alle energie e 
luminosità di LHC dà accesso a un nuovo programma di fisica: 
Fisica elettrodebole: collider fotone-fotone (γ* quasi reali): 
- misura di γγ → W+W–, ℓ+ℓ–; 
- ricerca di accoppiamenti quartici anomali (AQGC); 
- ricerca di accoppiamenti vietati: γγγγ, ZZγγ 

QCD: collider gluone gluone: 
- test su meccanismi pQCD di produzione esclusiva; 
- caratterizzazione di jet gluonici (piccola componente di quark) 

Ricerca diretta di Nuova Fisica: 
- produzione centrale esclusiva di risonanze; 
- studio di stati finali invisibili
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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 b

¯

b. 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 ! p

0

JJp

0. 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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L’apparato sperimentale (nel TDR)
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3 Beam Pockets

3.1 The Roman Pot system and collimators in the 200 m region of IP5

Within the combined TOTEM consolidation [1, 2] & CT-PPS project the beam line in the LHC region
of ±200 m from IP5 combines the RP220 m stations (220-Near, 220-Far), the relocated 147 m stations
(210-Near, 210-Far) and new RP timing stations downstream of the 220 near station (Figure 39). The
210 m far units are rotated by 8 degrees with respect to the beam line to improve the multitrack res-
olution (Figure 41). During LS1 the vertical 210 m RPs and all 220 m RPs have been equipped with
new ferrites (TT2) and improved mechanical support frames to compensate for thermal expansion and
allowing mechanical stress release. Within the TOTEM R&D project a cylindrical RP has been newly
designed to house timing detectors and was optimized in view of material budget and RF interaction with
the LHC beam. Furthermore, the horizontal RP210 have been optimized to reduce the RF interaction
with LHC by keeping the original box design of the standard TOTEM RP. Furthermore TCL4 and TCL6
collimators have been installed [3] in front of the Q4 and Q6 quadrupoles, respectively. Figure 40 shows
the beamline in Sector 4-5 with the RPs installed.

Figure 39: The layout of the beam line in the 200 m region after LS1

3.2 New Roman Pots for timing detectors

The new RPs installed between the existing units 220-N and 220-F are intended to host timing detectors.
Hence their design was subject to the following main requirements:

1. Among several potential detector technologies for the timing measurements (see Section 5.1),
48

pot orizzontali a 203 e 214 m (rilocati)  
con schermi RF

nuovi pot orizzontali 
(solo 1 installato)

pot cilindrica per i rivelatori di timing  

TOTEM

TOTEM (pot verticali)

tracciatore  
a pixel di silicio

timing



Cinematica dei protoni nelle roman pot
La cinematica dei protoni rivelati nelle roman pot è definita da: 
- quadriimpulso trasferito t ≣ (pf – pi)2; 
- perdita di energia relativa: ξ ≣ (|pf| – |pi|)/|pi| 

La massa del sistema centrale prodotto è legata a ξ: M2X = sξ1ξ2 
⟹ efficace selezione basata sull’uguaglianza di due misure indipendenti 
L’accettanza dei rivelatori dipende dall’ottica  
del sistema: 
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Figure 9: Particles with fixed |t| and ⇠ values propagated to the CT-PPS detector position, at z=204 m
(left) and z=215 m (right). The solid (dashed) black rectangle illustrates the detector boundaries at 15�

(20�) from the beam center. The beam dimensions are also shown by circles. A “particle-gun” simulation
based on HECTOR is used to generate protons at different (|t|, ⇠) values.

study are: the distance of the detector sensitive area from the beam center and the spatial resolution.
Other important beam related effects have been included (as explained earlier in the text).

The particle hit distribution is studied for dimensions of the active area of the tracking stations at z=204 m
and z=215 m, where detector planes are assumed to be orthogonal to the beam direction. Detector
segmentation is not implemented in the simulation, as tracking detectors are expected to have a finely
segmented active area (pixel size in x, y is ⇡ 100 ⇥ 150 µm2). Figure 10 shows the hit distributions in
the tracking detectors at z=204 m for exclusive dijet (left) and WW (right) events. The black squared
lines schematically illustrate the detector boundaries in x and y (20 ⇥ 18 mm2) at 15� from the beam
center.

Figure 11 shows the single-arm distribution in the two-dimensional (⇠, |t|) plane of the protons seen by
both tracking stations at z=204 m and z=215 m, as simulated by ExHuME, for tracking detectors at
15� (left) and 20� (right) from the beam center. A track reconstruction efficiency of 100% is assumed.
The loss of efficiency due to proton interactions with the RP window is estimated to be 1-2% [11].
For exclusive dijet events, a single-arm acceptance of approximately 49% is estimated (at 15�) when
the protons are within the CT-PPS detector geometrical acceptance. The acceptance is estimated as the
number of protons that arrive at the CT-PPS divided by the number of generated ones in the same bin.
Acceptance values are estimated with respect to the cross section of the generated events (0 < |t| <

4 GeV2, 0.01 < ⇠ < 0.2). Similar distributions in the (⇠, |t|) plane are shown in Figure 12 for a double-
arm coincidence, i.e. when hits in the tracking stations on both sides of the IP are required.

Single-arm and double-arm distributions in the (⇠, |t|) plane for exclusive WW events produced with
the FPMC signal generator are shown in Figures 13 and 14, respectively. Distributions are shown for
a distance of the tracking detectors at 15� (left) and 20� (right) from the beam center. A single-arm
acceptance of approximately 55% is estimated.

The full set of kinematic variables is reconstructed with the use of Eq. (2.1). The scattering angle res-
olution depends mainly on the angular beam divergence and on the detector resolution. As the values
of the optical function parameters vary with the proton momentum loss, the resolution of the main vari-
ables ⇥

⇤

x,y

and ⇠ will depend on ⇠. Moreover, as a dispersion term is present in the horizontal projection
(cf. Eq. (2.1)), both ⇥

⇤

x

and ⇠ contribute in determining the horizontal trajectory, thus resulting in a
correlation of these two variables.
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Proton transport description:
Transport matrix from MAD-X (ξ = Δp/p momentum loss)
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Accettanza
L’accettanza dei rivelatori in funzione di MX dipende: 
- dall’ottica della macchina, in particolare dalla dispersione Dx; 
- dall’avvicinamento al fascio (espresso in termini di σx) 

Nel 2016 le condizioni erano tali da avere accettanza massima (~30%) per 
MX ≈ 750 GeV
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Fondo da pileup

Segnale: 

Fondi in presenza di alto pileup: 

Ad alta luminosità è necessaria una misura precisa di tempo (O(10 ps)) per 
discriminare il fondo
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sistema ad alto pT 
(dileptoni, dijet,…) 

protoni correlati 
cinematicamente

sistema ad alto pT

protoni scorrelati 
principalmente da eventi 

diffrattivi singoli (SD)

sistema ad alto pT

protoni da evento 
diffrattivo centrale (CD) 

a bassa energia

sistema ad alto pT 
con protone in avanti

protone da evento SD



CT-PPS nel 2016
Rivelatori non ancora pronti a inizio 2016 ⟹ programma accelerato: 
- tracciamento con strip di silicio di TOTEM (già installate); 
- misura di tempo con rivelatori a diamante sviluppati da TOTEM (installati a Giugno) 

Roman pot inseriti e rivelatori accesi  
durante le normali operazioni di LHC  
ad alta luminosità 
- DAQ / trigger integrati in CMS; 
- previsto degrado delle prestazioni delle strip  

per danno da radiazione ⟹ sostituite in TS2; 
- commissioning dei diamanti completato in TS2 

Luminosità integrata: 
- ~14.7 fb–1 con il tracciatore in funzione; 
- ~2.5 fb–1 con tracciatore e rivelatore di tempo 

in funzione

7



Analisi eventi dileptonici
Eventi a due μ; L = 9.4 fb–1 con strip inserite a 15 σx 
- selezione sul numero di tracce associate al vertice  

e sull’angolo azimutale tra i due muoni; 
- benchmark per altri processi, p.es. W+W– 

Fondo atteso con ξ in accordo entro 2σ: 0.6 - 0.7 eventi/stazione
8
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Analisi eventi difotonici
Ricerca dell’accoppiamento vietato γγγγ 
Eventi con due fotoni energetici 
- pT(γ1,2) > 75 GeV; m(γγ) > 500 GeV; 
- protoni ricostruiti da entrambi i lati 

Nessun evento con compatibilità γγ-pp in massa invariante e rapidità 
- 1 evento di fondo atteso
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Tracciatore a pixel (RPIX): sensori
Il nuovo tracciatore utilizza pixel di silicio a tecnologia 3D prodotti da CNM 
- dimensioni pixel: 100μm × 150μm come per pixel CMS, letti da PSI46dig 

Attualmente 36 moduli qualificati; altri batch in produzione
10
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Beam test - Edge efficiency vs bias
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At a bias voltage of 40 V up to 150 μm 
can be gained at the edge of the sensor 
with the 2E layout. 
!
2E detectors allow to gain ~60 μm  
more than 1E ones at a bias of 40 V 
thanks to the n+-electrode closer to the 
sensor edge.

1E

2E

Left Edge Efficiency
Preliminary
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Beam test - Resolution vs angle
Detector resolution is evaluated by fitting residuals separately for cluster size 1 and 2. 
After subtracting the telescope resolution, the global resolution is obtained as average 
of the two values weighted by the cluster size probability. 
!
Since electrodes are closer to the pixel geometrical edge, 2E sensors have more 
clusters of size 2 and therefore a better resolution with respect to 1E ones.

Considering a resolution per single plane between 20 and 25 μm, the target resolution 
of ~10 μm can be achieved.
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bordo inefficiente < 100 μm

risoluzione di piano singolo: ~25 μm 
⟹ ~10 μm per stazione (6 piani) 

resistenza a radiazione: ~5 × 1015 p/cm2 
(ma chip sensibile a irraggiamento non uniforme)



RPIX: meccanica e readout
Ogni stazione include 6 piani di rivelatori, 
inclinati di ~20º 
- meccanica compatibile con sistema di 

raffreddamento esistente per le strip; 
- temperatura di funzionamento:  ≲ –15 ºC 
Front-end e DAQ simili a quelli dei pixel 
dell’upgrade di fase 1 
Due supporti meccanici completi e testati. 
Test completo nel pot, con vuoto, 
raffreddamento, DAQ,… nelle scorse due 
settimane (Dicembre 2016) 
Obiettivo: installazione su LHC durante EYETS
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Rivelatori di tempo
CT-PPS è il primo rivelatore ad utilizzare una misura di tempo per la 
discriminazione del fondo da pileup 
- dimensioni molto inferiori a quelle necessarie per CMS: 8.4 × 10–6 m2 (contro ~100 m2) 

Attualmente in uso sensori a diamante sviluppati per TOTEM  
Saranno sostituiti da sensori al silicio UFSD,  
sviluppati a Torino e prodotti da CNM 
Risoluzione misurata su fascio test: ~35 ps 
(a guadagno ~20) 
Resistenti a radiazione fino a ~1.3 × 1014 neq/cm2 

(corrispondenti ad alcuni mesi di funzionamento) 
Due alternative per il readout: 
- amplificatore custom a componenti finiti (diverse opzioni  

da Santa Cruz, Kansas, Pilsen); 
- chip VLSI custom (TOFEE, sviluppato a Torino) 

L’installazione del primo piano di UFSD è prevista per Marzo 2017
12

~ 12 mm

   
   

7m
m



Preparazione run 2017
Numerose attività in corso durante EYETS: 
- Upgrade dei pot a 220 m per l’utilizzo ad alta luminosità: 

- equipaggiamento dei pot 220-FAR con schermo cilindrico; 
- separazione linee di vuoto secondario e di raffreddamento (condizioni diverse per 
tracciatori/timing) 

- Commissioning sistema clock di riferimento con cavi RF 
- Assemblaggio stazioni RPIX e installazione nei pot 
- Inserzione piano UFSD nelle stazioni di timing (readout compatibile) 
- Analisi dei dati dei rivelatori a diamante e stabilizzazione delle operazioni 
- Completamento e messa in funzione del nuovo sistema DAQ su μTCA 
- Completamento scrittura codice di ricostruzione, allineamento, 
calibrazione,… 
- Finalizzazione analisi dei dati 2016
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Ottica LHC per il 2017
Tutti gli scenari proposti finora risultano in condizioni peggiori (in MX(min)) 
rispetto al 2016, a meno di non applicare un “bump” all’IP, come quest’anno 
- discussione e altri studi in corso
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Conclusioni
Lo sforzo fatto durante il 2016 per integrare in tempi rapidi i rivelatori di 
TOTEM nella catena di acquisizione di CMS ha dato i suoi frutti:  
~15 fb–1 di dati in condizioni di alta luminosità (1.2 × 1034 cm–2 s–1) con i 
pot a 15 σ dal fascio 
Per la prima volta uno spettrometro di protoni in prossimità del fascio ha 
funzionato su base regolare ad alta luminosità, aprendo la strada a 
sviluppi futuri 
Programma impegnativo per portare CT-PPS, durante EYETS, verso la 
sua configurazione di progetto. 
Obiettivo di cominciare a fare analisi ad alta statistica con i dati del 2017 
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