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T1: 3.1 < |h| < 4.7, pT > 100 MeV

T2: 5.3 < |h| < 6.5, pT >   40 MeV

T1 T2 CASTOR (CMS)

10.5 m

14 m
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Only Run I



RP stations:

o 2 units (Near, Far) at about 5 m (RP220) 
and 10 m (RP210) distance

o Unit: 3 moveable RP to approach the 
beam and detect very small proton 
scattering angles (few µrad)

o BPM: precise position relative to beam

o Overlapping detectors: relative alignment
(10 µm inside unit among 3 RPs)

Horizontal RP 

RP unit: 2 vertical, 1 horizontal pot + BPM

BPMVertical RPs
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1 Roman Pot10 planes of edgeless detectors

3.5 cm

Si edgeless detector
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MQXA quadrupole

Sketch of the LHC magnet lattice at IP5:

s: distance from IP5 (*≡IP5)
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Determines angular resolution.
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Machine imperfections alter the optics:

• Strength conversion error, σ(B)/B ≈ 10-3

• Beam momentum offset, σ(p)/p ≈ 10-3

• Magnet rotations, σ(φ) ≈ 1 mrad

• Magnetic field harmonics, σ(B)/B ≈ 10-4

• Power converter errors, σ(I)/I ≈ 10-4

• Magnet positions Δx, Δy ≈ 100 μm
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→ Precise model of the LHC optics is indispensable!

Novel method from TOTEM:

• Use measured proton data from RPs

• Based on kinematics of elastic candidates

• Published in New Journal of Physics

• http://iopscience.iop.org/1367-2630/16/10/103041/

Relative error distribution

before and

after optics estimation β* = 3.5 m

http://iopscience.iop.org/1367-2630/16/10/103041/
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• RP can resolve uniquely single tracks
• If cannot be resolved: array of multitrack

candidates per RP
• Elastic cuts defined with unique tracks
• Every combination of the 4 RPs of a diagonal
• One combination is selected with elastic cuts (+physics oriented topology studies)

• Progressive selection of elastic candidates cut by cut
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Unique tracks to define cuts … to select elastic candidates from multitracks



Horizontal RPs were not inserted:
• No track based top - bottom RP alignment
• Horizontal and relative near-far alignment is done 
• New methods to find absolute y-alignment of the 2 diagonals
• 2 diagonals: 2 constraints from elastic scattering symmetries

• Optics calibration done in the usual way (alignment independent procedure)
• Careful measurement of optics estimators:
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1st constraint: alignment of 𝛉𝒚
∗ barycenter to 0 2nd constraint: alignment of 𝛉𝒚

∗ to 𝛉𝒙
∗

After y* vertex cut 
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σtot  

[mb]

σel 

[mb]

σinel

[mb]

84.7 ± 3.3 21.8 ± 1.4 62.8 ± 2.9

TOTEM preliminary
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B = 17.1 ± 0.26 GeV-2

σel /σtot = 25.7 ± 1.1 %

TOTEM preliminary
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Note:

• Large amount of data (trigger rate 50× w.r.t. Run I)

DoF2017 2/11/2017 Frigyes Nemes, TOTEM 12

No structures at high-|t|:
rules out several models

TOTEM preliminary
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TOTEM preliminary
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TOTEM preliminary



• Published proton-proton elastic analysis results at s = 7 TeV and 8 TeV
o β* = 3.5 m, 90 m, 1000 m

• Total cross-section measurements at s = 7 TeV, 8 TeV, 2.76 and 13 TeV
o Luminosity independent method

• Non-exponentiality of the differential cross-section at low-|t| at 8 TeV and 13 TeV
o β* = 90 m, 1000 m

• Hadronic-Coulomb interference at 8 TeV with β* = 1000 m optics
o 1st determination of the ρ parameter at the LHC with CNI

• s = 2.76 and 13 TeV preprint in progress

• Ongoing analyses at s = 13 TeV (β* = 90 m, 2500 m)
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