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Structure of  the presentation



Introduction to PPS



PPS physics case

No acceptance



Precision Proton Spectrometer (PPS)



Precision Proton Spectrometer (PPS)
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PPS radiation environment



PPS throughout Run 2
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3D pixels for PPS Run 2

Planar 3D



Run 2 data-taking



Proton reconstruction



Proton reconstruction
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Detector alignment
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Proton transport
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Optics calibration
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Validation with exclusive 𝜇𝜇 events 
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PPS mass/rapidity acceptance



Reconstruction strategies

CMS-PAS-PRO-21-001

CERN-TOTEM-NOTE-2022-001

https://cds.cern.ch/record/2803842


Physics analyses with proton tagging



Probing AQGC with exclusive 𝛾𝛾 → 𝑉𝑉

CMS-PAS-SMP-21-014

CERN-TOTEM-NOTE-2022-004

https://cds.cern.ch/record/2803716


Selection on central variables
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WW/ZZ separation
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Proton matching: signal regions

𝜹
𝝄
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Background estimation

Region A

𝑎 < 0.01
&

Signal region

Region B

𝑎 > 0.01
&

Signal region

Region C

𝑎 < 0.01
&

( 1 − 𝑚 𝑉𝑉 /𝑚 𝑝𝑝 > 1.0
or

𝑦 𝑝𝑝 − 𝑦 𝑉𝑉 > 0.5)

Region D

𝑎 > 0.01
&

( 1 − 𝑚 𝑉𝑉 /𝑚 𝑝𝑝 > 1.0
or

𝑦 𝑝𝑝 − 𝑦 𝑉𝑉 > 0.5)



Results
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Results

CMS-PAS-SMP-21-014

CERN-TOTEM-NOTE-2022-004

https://cds.cern.ch/record/2803716


Results
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Exclusive 𝛾𝛾 → 𝛾𝛾

Event selection:

• ≥ 2 isolated 𝛾 (𝐻/𝐸 < 0.10)

• 𝜂 𝛾1, 𝛾2 < 2.5
• 𝑝𝑇 𝛾1, 𝛾2 > 75 GeV

• 100 GeV for 2017/8 

• 𝑚 𝛾1𝛾2 > 350 GeV

• 1 − |Δ𝜙 𝛾1𝛾2 /𝜋| < 0.0025
• 1 proton per side of PPS 

within acceptance
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Exclusive 𝛾𝛾 → 𝛾𝛾

∼3-4x more stringent limits observed

(expected) on 4𝛾 coupling parameters:

𝜁1 < 7.3 (7.1) × 10−14 GeV-4

𝜁2 < 1.5 (1.5) × 10−13 GeV-4

ℒ8
𝛾𝛾𝛾𝛾

= 𝜁1𝐹𝜇𝜈𝐹
𝜇𝜈𝐹𝜌𝜎𝐹

𝜌𝜎 + 𝜁2𝐹𝜇𝜈𝐹
𝜈𝜌𝐹𝜌𝜎𝐹

𝜎𝜈
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Exclusive 𝛾𝛾 → 𝛾𝛾

Limits also set for ALP production (𝛾𝛾 → 𝑎 → 𝛾𝛾) 

as a function of 𝑚ALP and its coupling 𝑓−1: 

strongest limits in the 500-2000 GeV range
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Searching for missing mass with 𝑍/𝛾
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Searching for missing mass with 𝑍/𝛾

Event selection

𝒁 → 𝒆+𝒆−/ 𝒁 → 𝝁+𝝁−

≥ 2 leptons (SF OS)

𝑝𝑇 ℓ1, ℓ2 > 30, 20 GeV
𝜂(ℓ) < 2.4
𝑚 ℓℓ − 𝑚𝑍 < 10 GeV

𝑝𝑇 𝑍 > 40 GeV

Photon

= 1 isolated photon
𝑝𝑇(𝛾) > 95 GeV

𝜂(𝛾) < 1.48 (CMS barrel)

≥ 1 proton per side of PPS
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Searching for missing mass with 𝑍/𝛾
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CEP of  top quark pairs
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CEP of  top quark pairs
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PPS in LHC Run 3 and beyond



New detectors for PPS Run 3



PPS in HL-LHC
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Summary



Thanks for your attention
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Diffractive 𝑝𝑝 interactions



PPS nomenclature

Stations



Strips efficiency components

Multi-tracking efficiency

Strips detection efficiency



Multi-RP proton efficiency

Multi-RP efficiency



Fill-by-fill alignment



Optics calibration



Vertical effective length



Proton 𝑡 reconstruction



Data and Monte Carlo

Year Integrated Luminosity [fb-1] Fraction of CMS total

2016 9.9 28%

2017 37.2 90%

2018 52.9 89%

Total 100.0 73%

CMS-PAS-SMP-21-014

CERN-TOTEM-NOTE-2022-004

https://cds.cern.ch/record/2803716


Conversion to dim-8 limits



Conversion to dim-8 limits



Dim-6 limits: 1D



Dim-6 limits: 2D



Track reconstruction algorithm



Plane efficiency measurements



‘Radiation’ efficiency measurement



Efficiency during data-taking

𝑳𝒊𝒏𝒕 ∼ 0 fb-1 𝑳𝒊𝒏𝒕 = 21.0 fb-1

𝑳𝒊𝒏𝒕 = 50.3 fb-1 𝑳𝒊𝒏𝒕 = 57.8 fb-1



A new tracker for PPS: sensors



A new tracker for PPS: mechanics



The PPS pixel movement system


