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The Precision Proton Spectrometer



The PPS physics case



Di-lepton CEP as a validation tool
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CEP of  top quark pairs
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CEP of  top quark pairs
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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

CMS-PAS-EXO-21-007

CERN-TOTEM-NOTE-2022-005
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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
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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

CMS-PAS-EXO-19-009

CERN-TOTEM-NOTE-2022-003

https://cds.cern.ch/record/2803840


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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CERN-TOTEM-NOTE-2022-003

https://cds.cern.ch/record/2803840


Searching for missing mass with 𝑍/𝛾
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Anomalous 𝛾𝛾 → 𝑉𝑉 into hadrons

CMS-PAS-SMP-21-014

CERN-TOTEM-NOTE-2022-004

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


Anomalous 𝛾𝛾 → 𝑉𝑉 into hadrons

Event selection:

• ≥ 2 V-tagged AK8 jets

• 𝜂 𝑗1, 𝑗2 < 2.5
• 𝑝𝑇 𝑗1, j2 > 200 GeV

• 𝜂 𝑗1 − 𝜂 𝑗2 < 1.3

• 𝑝𝑇 𝑗1 /𝑝𝑇 𝑗2 < 1.3
• 1 − Δ𝜙 𝑗1𝑗2 /𝜋 < 0.01
• 1126 GeV < 𝑚 𝑗1𝑗2 < 2500 GeV

• ≥ 1 proton per side of PPS
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Anomalous 𝛾𝛾 → 𝑉𝑉 into hadrons
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Anomalous 𝛾𝛾 → 𝑉𝑉 into hadrons
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Summary



Thank you!



BACKUP



PPS detector technologies

TOTEM si-strips 3D pixels scCVD (diamond)



Anomalous 𝛾𝛾 → 𝑉𝑉 into hadrons:
2D limits


