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Contents:

• diffractive program at LHC

• BFKL evolution and saturation
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A few general remarks about Forward Physics

• Forward Physics adresses QCD dynamics at the interface between hard
and soft physics

– Example I: Total pp cross section probes long transverse distances

– Example II: BFKL (Balitsky Fadin Kuraev Lipatov) Pomeron is valid at
short distances

– Transition: hard diffraction, structure of Pomeron

• Allows in addition searching for physics beyond the standard model

• Important for understanding underlying events, soft QCD: MC tuning,
almost all MC designed for hard processes and new physics have
difficulties with incorporating diffraction, and need improvement.
Measurements of diffraction (rapidity gaps) are vital for testing MC
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Running conditions: proton tagging at LHC

• Possibility to tag intact protons in the final state in CMS-TOTEM and
in ATLAS

• High and low β∗ runnings: complementarity in kinematical domain, see
ξ versus t plots

• High β∗ (90 m for instance): good acceptance for all ξ values for
t > 2.10−2 GeV2, which means good acceptance for low diffractive
masses where cross section is highest, and thus low values of
accumulated luminosity enough

• Low β∗ for standard high luminosity running: acceptance at high ξ
(ξ > 0.015), which means high diffractive masses M > 400 GeV, low
cross section and exploratory physics, high luminosity needed

• Complementarity with LHCb, Alice, LHCb: high lumi with no pile up
but no proton detectors
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Very low luminosity: Soft interactions

• Measure multiplicity, energy distribution in soft events:
complementarity between rapidity reach in LHCf, ATLAS, Alice, CMS...

• Measurement of soft diffraction, total cross section: high β∗

measurement in TOTEM, ATLAS-ALFA

• Constrain cosmic ray models

• Importance of measuring p-Oxygen: useful to tune cosmic-ray models
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Medium Luminosity: Hard diffraction

• Intact protons assumed to be tagged: LHC/HERA/RHIC/EIC

• Constrain the structure of the colorless exchanged object, the Pomeron,
and probe evolution equation of QCD

• Dijet production in pp: dominated by gg exchanges

• γ+jet production in pp: dominated by qg exchanges

• Jet gap jet in diffraction: Probe BFKL

• Three aims

– Is it the same object which explains diffraction in pp and ep?

– Further constraints on the structure of the Pomeron as was
determined at HERA - Reggeon contributions?

– Survival probability: difficult to compute theoretically, needs to be
measured, inclusive diffraction is optimal place for measurement
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Looking for BFKL/saturation effects

• Looking for BFKL effects (x-resummation) at HERA/LHC in dedicated
final states and look for saturation

• Mueller-Navelet jet, gap between jets, forward jets in pA, jet veto...

• New QCD dynamics: complementarity between LHC (pp, pA, AA
programs) and RHIC, EIC

• Monte Carlo developments: theoretical (Sabio Vera et a.), HERWIG



7

Saturation effects: measuring very forward jets in pA

• Saturation effects: need to go to low x, jets as forward as possible on
the same side

• Compare pp and pA runs in order to remove many systematics,
complemarity with Ion-Ion mode at LHC, RHICand also with EIC
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Exclusive diffraction with tagged protons
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• Many exclusive channels can be studied at medium and high luminosity:
jets, χC , cahrmonium, J/Ψ....

• Possibility to reconstruct the properties of the object produced
exclusively (via photon and gluon exchanges) from the tagged proton:
system completely constrained

• Possibility of constraining the background by asking the matching
between the information of the two protons and the produced object

• Central exclusive production is a potential channel for BSM physics:
sensitivity to high masses up to 1.8 TeV (masses above 400 GeV,
depending how close one can go to the beam)
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High Lumi: quartic γγ anomalous couplings
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• No background after cuts for 300 fb−1 without needing time
detector information

• Exclusivity cuts needed to suppress backgrounds:

– Without exclusivity cuts using AFP: background of 80.2 for 300 fb−1

for a signal of 34.9 events (ζ1 = 2 10−13)

– With exclusivity cuts: 0 background for 31.8 signal

• String theory/grand unification models predict couplings via
radions/heavy charged particles/dilatons for instance up to 10−14-10−13

Luminosity 300 fb−1 300 fb−1 300 fb−1 3000 fb−1

pile-up (µ) 50 50 50 200

coupling ≥ 1 conv. γ ≥ 1 conv. γ all γ all γ
(GeV−4) 5 σ 95% CL 95% CL 95% CL

ζ1 f.f. 8 · 10−14 5 · 10−14 3 · 10−14 2.5 · 10−14

ζ1 no f.f. 2.5 · 10−14 1.5 · 10−14 9 · 10−15 7 · 10−15

ζ2 f.f. 2. · 10−13 1. · 10−13 6 · 10−14 4.5 · 10−14

ζ2 no f.f. 5 · 10−14 4 · 10−14 2 · 10−14 1.5 · 10−14
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Status of Yellow Report about LHC Forward Physics WG

• The LHC Forward Physics “Yellow Report” is now published: K Akiba
et al 2016 J. Phys. G: Nucl. Part. Phys. 43 110201

• See: http://iopscience.iop.org/0954-3899/43/11/110201/media for full
text: N. Cartiglia and C. Royon, Editors

– Background and run plans: V. Avati, C. Royon

– Monte Carlo: L. Harland-Lang

– Soft Diffraction: V. Avati, T. Martin

– Hard Diffraction: M. Ruspa, M. Trzebinski

– Central Exclusive Production: M. Saimpert, L. Harland-Lang, V.
Khoze

– BFKL and saturation: C. Marquet, J. Bartels, H. Jung

– Cosmic ray: T. Pierog

– Heavy ions: D. Tapia Takaki

– Detectors: J. Baechler, V. Avati

– New physics aspects: measurements in incoming special runs


