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Diffractive Physics

Soft di ractive processes: large cross sections, non-perturbative computations:

Elastic Scattering Single Diffraction Double Diffraction Central Diffraction
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Hard di ractive processes: small cross sections, perturbative QCD, examples:

Single Diffractive Jet Production Double Pomeron Exachange Jet Production
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Proton survival due to colour singlet exchange (quantum numbers of the
vacuum): photon (QED) or Pomeron (strong interactions).
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Measurement method

forward

forward
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[ - tracking detectors
|:| - calorimeters
. - muon chambers
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Topology: presence of rapidity gap between the proton(s) and the \central" system;oone both "

interacting proton(s) remain intact.

Intact protons are scattered at very small angles (O(100 rad)) ¥ very close to the beam ¥ detectors
must be located far from the Interaction Point (IP).

Measuring rapidity gap: Measuring forward protons:

-+ \classically' used for di ractive pattern identi cation -+ protons measured directly
-+ no need for additional detectors + suitable for pile-up environment
{ gap is frequently destroyed due to pile-up background { protons are scattered at very small angles
{ gap may be out of acceptance of \central” detector { additional detectors required far downstream
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Forward Detectors in ATLAS
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ATLAS Forward Proton (AFP) Absolute Luminosity For ATLAS (ALFA)

purpose: soft diffraction, especially elastic scattering
(CNI region, dip, Odderon searches)

NEAR (237 m) and FAR (241 8 245 m) stations

purpose: soft and hard diffraction (limited acceptance
for low masses), BSM searches

NEAR (205 m) and FAR (217 m) stations

horizontally inserted Roman Pots vertically inserted Roman Pots

taking data during special runs: very low pile-up,

taking data during nominal (high pile-up, low ) and
(very) high optics

special (low pile-up, low ) runs
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AFP: Silicon Tracker (SiT)

4 layers of SiT modules mounted on heat exchanger: installation of detector package:
- ]

Roman pot as \seen" by proton beam, thin window

of RP is visible:

4 Silicon Tracker (SiT) planes are present in each RP station to measure proton position.

50 250 m? pixel size

14 tilt to improve resolution in x, staggering of layers to improve resolution in y

Resolution (measured): =5:5 0:5 m per pixel plane, 2:8 0:5 m for all plane in x [JINST 11 (2016)
P09005] and 30 miny
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 https://doi.org/10.48550/arXiv.1608.01485
 https://doi.org/10.48550/arXiv.1608.01485

Unfolding Proton Kinematics

proton trajectories along LHC beamline in vicinity of ATLAS IP;
protons which lost more energy are diverged further from the beam:
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\di ractive pattern visible in the detec-
tors; shape is due to LHC magnetic eld:
20 T

positions of protons with given & and pT;
depends on settings of LHC magnets:
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At the IP, the proton is fully described by 6 variables: position (xie;Vie:zip), angle: (x»:y%) and energy
(E). They translate to a unique position at the AFP: xarp;Yarp; Xepi Yarp

Knowledge of LHC magnetic eld (transport matrix) allows unfolding of proton kinematics (xb;yi; E)
from position measured in the detectors.

Kinematics of scattered protons is strongly correlated to kinematics of central system.
Challenges: non-uniform high radiation environment, background from showers, high pile-up
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https://cds.cern.ch/record/2749821/files/ATL-FWD-PUB-2021-002.pdf
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