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Overview
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What is CT-PPS?
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• Tag and measure protons at ±210 m: AFP (ATLAS Forward Proton),
CT-PPS (CMS TOTEM - Precision Proton Spectrometer)

• All anomalous coupling cross sections computed using the Forward
Physics Monte Carlo (FPMC)

• Sensitivity to high mass central system, X, as determined using
AFP/CT-PPS: Very powerful for exclusive states: kinematical
constraints coming from AFP and CT-PPS proton measurements

• LHC can be used as a γγ collider

• CT-PPS provides an opportunity for new searches and measurements

• Possibility of a very strong background suppression using intact protons

• Discussion of

1. CT-PPS

2. Measurements

3. Anomalous Couplings
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CMS-TOTEM Precision Proton Spectrometer



What is CT-PPS?
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What is CT-PPS?

• Joint CMS and TOTEM project: https://cds.cern.ch/record/1753795,
see Fabio’s talk

• LHC magnets bend scattered protons out of the beam envelope

• Detect scattered protons a few mm from the beam (both sides of CMS)

• First data taking in 2016:∼ 15 fb−1

• Joint CMS and TOTEM project1

• LHC magnets bend scattered protons outside of the beam envelope

• Intact protons are detected a few mm from the beamline

• Detect protons at about ± 200 m from IP5

• Roman Pot detectors measure ξ of protons

• Collected 15 fb−1 of data in 2016

1https://cds.cern.ch/record/1753795
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Measurements



Dimuon Analysis in CT-PPS

• CMS - TOTEM preliminary results2

• It is with regular optics and pile up conditions

• First measurement of the process at high mass with intact protons

• Proof that the alignment, optics, and analysis are working

2CMS-PAS-PPS-17-001 ; TOTEM-NOTE-2017-003
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Dimuon Analysis in CT-PPS
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the simulated samples.

As a further check of the background estimate, a toy experiment is performed in which the
measured values of x(µµ) within the CT-PPS acceptance are randomly coupled with values of
x(p) from events without any offline selection imposed on the central variables. The dimuon
system and the proton originate from different events and are thus uncorrelated. The toy exper-
iment is repeated 104 times, and the average number of events in which x(µµ) and x(p) match
within 2s is determined. The result is consistent with the background estimate of 1.47 ± 0.06
(stat.) events discussed above.

8 Results
Figure 10 shows the correlation between x(RP) and x(µ+µ�). In total 17 events are observed
with a x(µ+µ�) within the CT-PPS acceptance, and at least one track detected in the relevant
RPs. Five of those events have a mismatch of � 2s between the dimuon and the proton kine-
matics, compared to 10.2 ± 3.6 (stat. + syst.) such events expected from the background studies
discussed in Section 7. Twelve events have a track in at least one of the two RPs matching
x(µ+µ�) within 2s. The significance of observing 12 events over the background estimate of
1.47 ± 0.06 (stat.) ±0.52 (syst.), including the systematic uncertainties as log-normal nuisance
parameters, is 4.3s.
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Figure 10: Correlation between x(µµ) and x measured in the Roman Pots, for both Roman Pots
in each arm combined. The 45 (left) and 56 (right) arms are shown. The light shaded region
corresponds to the kinematical region outside the acceptance of both the near and far RPs,
while the darker shaded region corresponds to the region outside the acceptance of the near
RP. For the events in which a track is detected in both, the x value measured at the near RP is
plotted.

The distribution of the matching events in the space of dimuon mass-rapidity is shown in
Fig. 11. The candidate events are consistent with the expected acceptance for detecting protons
in a single arm, given the LHC optics and the position of the Roman Pots. No events are
observed with matching protons in both arms; the highest-mass event is at m(µµ) = 342 GeV,
approximately 20 GeV below the threshold required to detect both protons.

Central semi-exclusive dimuon events are expected to have very small values of |t|, the abso-
lute value of the four-momentum squared exchanged at the proton vertices. For the present

• 17 events have ξ(µµ) consistent with RP acceptance3

• 12 of these have ξ(µµ) that matches ξ(RP) (red points)

• Background of 1.47±0.06 (stat.)±0.52 (syst.)

3CMS-PAS-PPS-17-001 ; TOTEM-NOTE-2017-003
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Dimuon Analysis in CT-PPS

• Dimuon invariant mass and rapidity within expected range of acceptance

• Highest mass event - 342 GeV

• Shows that alignment, proton tagging, trigger, etc. are understood and

working
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Anomalous Coupling Search



Anomalous Quartic Coupling

• Photon emission → Photon fusion → Intact outgoing protons

• This is an exclusive process

• We will focus on γγ → γγ
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Motivations

• BSM Physics by studying electroweak symmetry breaking

• Predicted by Composite Higgs and Extra-Dimensional models

• Couplings can be probed independently of models

• Application: Polarizable Dark Particle4

4Shining Light On Polarizable Dark Particles. arXiv:1609.01762v1
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Backgrounds

• Requesting two protons identified in forward detectors + two converted photons

in central detector

• All backgrounds considered (Double Pomeron Exchange diphoton production,

H→ γγ,exclusive γγ production, dilepton + dijet misidentification, PU,

Drell-Yan, ...)5

• Pile up is the main source of background

5JHEP 02, 165 (2015)
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Dealing With Pile Up

• All values corresponding to 300 fb−1

• No background after selection cuts without timing information

• Proton tagging is vital for exclusivity cuts
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Summary



Summary

• With its 2016 operation, CT-PPS has proven for the first time the

feasibility of operating a near-beam proton spectrometer at a high

luminosity hadron collider on a regular basis

• First evidence of γγ → µµ with single proton tag

• CT-PPS allows us to probe BSM diphoton production in a model

independent way

• Any observed anomalous coupling event is signal

• CT-PPS has ∼ 15 fb−1 data and is currently acquiring more
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Questions?



Backup Slides - Standard Model γγ Exclusive Production

• QED process dominates at high mγγ

• Cross section is well known

• W boson loop is the most significant at high mγγ

16

SM γγ exclusive production

• QCD production dominates at low mγγ , QED at high mγγ

• Important to consider W loops at high mγγ

• At high masses (∼ 750 GeV), the photon induced processes are
dominant

• Conclusion: Two photons and two tagged protons means
photon-induced process



Proton Acceptance

• Roman Pots measures fractional

momentum loss (ξ) of protons

• Acceptance for both protons

• Mid rapidity

• 350 GeV < mpp < 2000 GeV

• Acceptance for single proton

• Forward Rapidity

• Lower masses



Event Selection

• Request pair of opposite sign muons with

• pT > 50 GeV

• Mµµ > 110 GeV (Above Z boson peak)

• Selection based on the cleanliness of the dimuon vertex



Backup slides - CTPPS



Backup slides - Data
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