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Introduction

David d’Enterria, arXiv:0708.0551
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Gluons at low x
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Saturation
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Underlying event

• Complex structure of hadron-hadron interaction

• Underlying event – activity in
addition to the hard interaction:

• initial state radiation
• final state radiation
• multiple parton interaction
• colour reconnections
with beam remnants

• Non-perturbative effects

• No clear soft/hard separation

• Phenomenological model
in MC generators

• A need for tuning to
experimental data

Figure from [arXiv:1411.4085]
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Principle of the measurements

• Regions in ϕ defined w.r.t.
the direction of the hard object

• Transverse region – sensitive to UE
• Two transverse regions → trans-min
and trans-max
(distinguished on the
event-by-event basis according to∑

pT)
• UE observables:

• Nch/δη δϕ

•
∑

pT/δη δϕ
• Mean pT
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Results from inclusive pp interactions
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Diffraction in particle physics
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t ≈ p2θ2
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http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/sinslit.html
http://www2.optics.rochester.edu/workgroups/berger/EDay/EDay2008_Diffraction.pdf


Physics of elastic scattering
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Scattering angle vs impact parameters

István Szanyi, arXiv:1711.04743 12



Proton hollowness
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Optical theorem

S matrix and the Optical Theorem

from prof. Alan Marin14



Total cross section
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High-β optics
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ALFA Detectors
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Diffractive processes
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Modeling soft diffractive dissociation

Regge theory
Triple pomeron vertex

MX
MX

MX

dσdiff/d2b =
〈
T2
〉

Good-Walker
Ψk – mass eigenstates
Φn – diffractive eigenstates

Ψk =
∑

cknΦn〈
Ψ1

∣∣T∣∣Ψ1
〉
=

〈
T
〉

dσel/d2b =
〈
T
〉2

dσdiss/d2b =
〈
T2
〉
−
〈
T
〉2
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Hard diffraction

Resolved pomeron
• Ingelman-Schlein
model

• pomeron has partonic
structure

Soft colour interactions
• QCD-inspired model
• additional gluon exchanges
screen the color flow
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HERA: Diffractive PDFs
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• QCD fits

• dominated by gluons
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Factorisation breaking

• Hard diffractive events rarer than
naive extrapolations from HERA

• Suppression factor: gap survival
probability

• Origin: additional interactions
• Confirmed in many processes 22
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Equivalent photonsEquivalent Photon Approximation

(slides from Victor Gonçalves)
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Equivalent photonsEquivalent Photon Approximation

(slides from Victor Gonçalves)
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Equivalent photonsEquivalent Photon Approximation

(slides from Victor Gonçalves)
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Equivalent photonsEquivalent Photon Approximation

(slides from Victor Gonçalves)
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Two-photon processes

• Two-photon processes can be
computed within QED

• Exclusive γγ → ll
• Standard candle for
photon-induced physics

• Non-negligible background
to Drell-Yan like reactions

• Test of SM γWW and γγWW couplings
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Forward proton spectrometer

(drawing from Jesse Liu)
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Trajectories of forward protons
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Roman pots
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Feedthrough flange
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ATLAS Forward Proton detectors – one arm
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Kinematic matching
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Signal evidence
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Summary

Forward physics

• physics between perturbative and non-perturbative QCD
• wide range of different topics
• standard and dedicated experimental methods
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