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Hard exclusive meson production Exclusive meson photoproduction

hard scale = large Q2 (Q2=-qg?) hard scale = large quark mass
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Central exclusive production
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Central exclusive production
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Proton dissociation and feed down
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Proton dissociation and feed down:
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Proton dissociation and feed down:
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Cross section calculation
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Cross section
J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002

JMRT prediction: based on gluon PDF JHEP 10 (2018) 167
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Photo-production cross section
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Exclusive T production
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Exclusive T production
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Y cross section
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Production of charmonium pairs

J. Phys. G: Nucl. Part. Phys. 41 (2014) 115002

« sensitive to glueballs, tetraquarks

e sensitive to gluon distribution
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L. A. Harland-Lang et al., Int. J. Mod. Phys. A 29 (2014) 1430031
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Production of charmonium pairs

J. Phys. G: Nucl. Part. Phys. 41 (2014) 115002
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Di-muon invariant mass distributions
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Di-muon invariant mass distributions

J. Phys. G: Nucl. Part. Phys. 41 (2014) 115002
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cross sections: not corrected for proton dissociation
oV = 58 + 10(stat) + 6(syst) pb
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Di-muon invariant mass distributions
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Higher di-muon invariant mass [MeV]

cross sections: not corrected for proton dissociation

O.J/l//]/l//
CTJ/ynp(ZS)
oV (2Sw(2S)

O'XC())(CO
O')(c1)(c1

o} Ao Xeo

AN N AN A

58 + 10(stat) £+ 6(syst) pb

42% CEP

63121 (stat) + 10(syst) pb

237 pb
69 nb
45 pb
141 pb
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corrected for proton dissociation
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Summary and outlook

CEP: rich field of physics

LHCb results on single J/y, w(2S), Y production in pp collisions:
gluon GPDs and PDFs

LHCb results on pairs of charmonium:
double-pomeron exchange, tetraquarks, glueballs

preliminary results on J/y and (2S) in PbPb collisions (LHCb-CONF-2018-003):
nuclear GPDs and PDFs, shadowing

preliminary results on Xc in pp collisions (LHCb-CONF-2011-022):
double-pomeron exchange

preliminary results on dimuon Bethe-Heitler production in pp collisions (LHCb-CONF-2011-022)

various analysis in pp, pPb and PbPb collisions with dimuon and single and double meson-production
are ongoing
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Exclusive J/¢ and g(2S) production:
systematic uncertainties /s = 7 TeV

y range [2.00,2.25] [2.25,2.50] [2.50,2.75] [2.75,3.00] [3.00,3.25]

‘é—‘; J 203 £ 1.7 925 £24 1378 £ 24 173.1 £ 2.6 198.0 £ 2.7
‘31—‘; v (2S) 0.56 &= 0.11 1.75 £ 0.17 3.06 £ 0.22 441 + 0.26 4.24 £+ 0.26
y range [3.25,3.50] [3.50,3.75] [3.75,4.00] [4.00,4.25] [4.25,4.50]
‘31—(; J 187.6 £ 2.6 1489 £ 24 1074 + 2.1 653 +£20 219+ 13
fj—‘; ¥ (2S) 451 +£ 027 343 &£ 025 2.05 &£ 020 147 £ 0.19 0.36 £ 0.11
Correlated uncertainties expressed as a percentage of the final result

€sel 1.4%

Purity determination 2.0%

()

Purity determination 13.0%

(¥ (25))

>l<€single 1.0%

*Acceptance 2.0%

*Shape of the inelastic 5.0%

background

*Luminosity 3.5%

Total correlated statistical  2.4%

uncertainty (J/y )

Total correlated statistical ~ 13.0%

uncertainty (¥ (2S))

Total correlated systematic 6.5%

uncertainty

*: systematic uncertainties
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Exclusive J/¢ and g(2S) production:
systematic uncertainties v/s = 13 TeV

Source Jp analysis (%) (2S) analysis (%)
HERSCHEL veto 1.7 1.7
2 VELO track 0.2 0.2
0 photon veto 0.2 0.2
Mass window 0.6 0.6
p2T veto 0.3 0.3
Proton dissociation 0.7 0.7
Feed-down 0.7 -
Nonresonant 0.1 1.5
Tracking efficiency 0.7 0.7
Muon ID efficiency 0.4 0.4
Trigger efficiency 0.2 0.2
Total excluding luminosity 2.9 2.7
Luminosity 3.9 3.9
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Exclusive Y production: systematic

uncertainties
2<y<3d 3I<y<3dH 3o5<y<45 2<y<4.5

T(15) T(15) T(15) T(1S) 7T(2S) 7Y(39)
Purity fit 14.2 14.2 14.2 13.7 13.7 13.7
Feed-down b.g. 12.2 12.2 12.3 12.2 14.6 12.5
T’ feed-down 4.0 4.3 5.4 4.5 11.1
Mass fit 2.2 2.8 2.9 2.1 2.8 3.6
Luminosity 2.3 2.3 2.3 2.3 2.3 2.3
B(Y — putu) 2.0 2.0 2.0 20 88 96
Total 19.5 19.7 20.0 19.3 24.8 21.4




Lower di-muon invariant mass [MeV]

Di-muon invariant mass distributions
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Cross sections

cross sections: no correction for proton dissociation
oIV = 58 + 10(stat) + 6(syst) pb,
o8 = 6312 (stat) + 10(syst) pb,

ocV2HY(AS) 237 pb,
o X0k0 < 69 nb,
o Xk < 435 pb,
oclaka < 141 pb,
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Cross sections

cross sections: no correction for proton dissociation

GJ/I//J/I// —

51/ (28) —

oV (2SHw(2S)
0')(00)(00
G)(Cl)(cl

O )(czﬂfcz

A AN AN A

58 + 10(stat) + 6(syst) pb,
63174 (stat) = 10(syst) pb,

237 pb,
69 nb,
45 pb,
141 pb,

dN/dMy,, [Events/GeV]

42% CEP

JPG 42 (2015) 055001
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LHCb measurement:

o?/¥I/% =24 £ 9 pb

theory prediction

o7/ =9 — 7 pb



