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Diffractive processes

The diffractive processes lie between soft and hard regimes.

[CERN-THESIS-2022-235]

Only a small amount of energy is exchanged, which is why protons may remain intact.

The very characteristic signature of diffractive processes is the presence of the rapidity gaps.
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LHCb experiment

[Int. J. Mod. Phys. A, 1530022 (2015)]

Forward spectrometer optimized for the study
of particles containing b and c quarks.
Unique acceptance - full tracking in the
pseudorapidity range 2 < η < 5.

Wide physics program with pp, heavy ions and
fixed-target collisions.
Equipped with HeRSCheL subdetector in
Run 2.
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HeRSCheL

HeRSCheL - High Rapidity Shower Counter for LHCb

[JINST 13 (2018) 04]

Primarily designed to enhance the study of CEP processes at LHCb.

Expands pseudorapidity range to −10 < η < −5 and 5 < η < 10, thus increasing the effective
rapidity gap detection.

Allows suppressing the background from non-exclusive or inelastic processes.
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Central exclusive production in LHCb

Vector meson photoproduction lies on the border of
perturbative and non-perturbative regimes.
PDF determination - lack of data at low Bjorken-x values.
Vector meson photoproduction at LHCb can probe Bjorken-x
down to ∼ 10−6.

[ CERN-THESIS-2021-029]

[Eur. Phys. J. C 77 (2017) 663]
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Central exclusive production of J/ψ and ψ(2S)

The power of HeRSCheL - proton dissociation background suppression.
Previous results on J/ψ and ψ(2S) photoproduction with Run 2 data:

[JHEP 10 (2018) 167]

Proton dissociation is the main background source in CEP analyses.

In 2018 J/ψ and ψ(2S) photoproduction studies, proton dissociation background reduced by a
half.
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Updated measurement of central exclusive production of J/ψ and ψ(2S)
[SciPost Phys. 18 (2025) 071]

Data:
pp collision data collected in 2016-2018 at

√
s = 13 TeV, integrated luminosity of 4.4 fb-1.

Differential cross-sections compared to LO and NLO theory JMRT predictions for J/ψ and ψ(2S).

J/ψ cross-section agrees with the NLO prediction.

ψ(2S) cross-section is significantly lower than both the LO and NLO predictions.

The ratio of J/ψ and ψ(2S) total cross sections agrees with the previous measurements (in pp collisions at
7 TeV and PbPb collisions at 5.02 TeV).
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Diffractive J/ψϕ production

[PRL 134 (2025) 031902]

The J/ψ(→ µ+µ−)ϕ(→ K+K−) production cross-section measured for the first time in events
with no additional activity.

Exclusive hadronic processes in pp collisions → better understanding of asymptotic high-energy
behaviour of QCD.

Vector meson pairs production challenging to describe theoretically.

Data:
pp collision data collected in 2016-2018 at

√
s = 13 TeV, integrated luminosity of 5 fb-1.

Izabela Juszczak Diffraction at the LHCb experiment 9 /16



Diffractive processes
LHCb experiment

Diffraction in pp collisions
Diffraction in Ultra Peripheral Collisions (UPC)

Central exclusive production of J/ψ and ψ(2S)
Diffractive J/ψϕ production

Diffractive J/ψϕ production

[PRL 134 (2025) 031902]

The total production cross-section:

The individual cross-sections for the observed
resonances:

The data are well described by a model containing 5
resonant and 1 non-resonant components.

In agreement with results obtained from B+ → J/ψϕK+ decays [PRL 127 (2021) 082001]:
χc1(4140) - 2.3σ, χc1(4274) - 4.1σ, χc0(4500) - 6.1σ, χc1(4685) + χc0(4700) - 1.8σ
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ρ0, ω and excited vector production in PbPb UPC

[arXiv:2506.06250]

Dominated by ρ0 meson.
Probes nuclear structure, sensitive to nuclear shadowing and
saturation effects.
Bjorken-x probed down to 10−6 in ρ0 photoproduction
→ additional mechanisms for nuclear shadowing.
Mass and width of ρ0 determinations lack consistency
→ impacts light-meson spectroscopy and hadronic corrections
to the anomalous muon magnetic moment.

Data:
PbPb collision data collected in 2018 at

√
sNN = 5.02 TeV, integrated luminosity of 224.6 ± 9.6 µb-1.
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ρ0, ω and excited vector production in PbPb UPC

[arXiv:2506.06250]

Signal parametrisation:

Good fit quality in the peak region, but fit
must be improved in extended mass region.
Also - do not describe the visible structure
around 1.7 GeV.
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ρ0, ω and excited vector production in PbPb UPC
[arXiv:2506.06250]

Phase factor ϕnr introduced between the ρ and nonresonant components.

Two extra Breit–Wigner resonances are introduced to describe excited ρ states → the bump
around 1.7 GeV.

Fit with the improved parametrisation gives a very good agreement with data across the full range.
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K+K− production in PbPb UPC

[LHCB-CONF-2024-006]

First observation of the ϕ(1020) meson in the invariant-mass distribution of K+K− meson pairs in
PbPb UPC in forward rapidity

The invariant-mass spectrum reveals a rich
structure of various resonances, potentially
including vector, scalar, and tensor mesons.

Data:
PbPb collision data collected in 2018 at

√
sNN = 5.02 TeV, integrated luminosity of 228 ± 10 µb-1.
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K+K− production in PbPb UPC

[LHCB-CONF-2024-006]

The low invariant mass region with a binned
maximum-likelihood fit.
The fit model assumes no interference effects.
The J/ψ and ϕ(1020) mass resolutions agree
with previous LHCb measurements.

The ϕ(1020) peak is observed with a significance that exceeds 5σ.
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Summary

LHCb has unique capabilities for investigating diffractive phenomena in various types of collisions.

The very forward acceptance allows probing (Q2, x) regions unexplored before - down to x ∼ 10−6.

Some of the newest results have been presented, although LHCb has a long history of diffractive
studies.

pp collisions

Updated measurements of J/ψ and ψ(2S)
consistent with H1 power law parametrisation.
J/ψ(→ µ+µ−)ϕ(→ K+K−) diffractive
production cross-section measured for the first
time.

PbPb UPC

Invariant mass distribution for coherent
photoproduction of dipions well described by a
model that includes ρ0, ω and two excited
vector mesons.
First observation of the ϕ(1020) meson in the
invariant-mass distribution of K+K− meson
pairs in PbPb UPC in forward rapidity.

Izabela Juszczak Diffraction at the LHCb experiment 16 /16


	Diffractive processes
	LHCb experiment
	Diffraction in pp collisions
	Central exclusive production of J/ and (2S)
	Diffractive J/ production

	Diffraction in Ultra Peripheral Collisions (UPC)
	0,  and excited vector production in PbPb UPC
	K+ K- production in PbPb UPC


