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✴ CEP: diffractive process of the form  

✴ Mediated by the exchange of a colourless object

pp → p + X + p

CENTRAL EXCLUSIVE PRODUCTION
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✴ The cross-section for  and  central 
exclusive production can be calculated in 
pQCD and (at LO) is proportional to the 
square of the gluon PDF,  

With LHCb:  

‣ In  collisions: probe  at very low 
Bjorken-  values, down to  

‣ In  collisions: probe the nuclear gluon 
PDF down to  

J/ψ ψ(2S)
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pp g(x)
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 vs azimuth  for diffractive  interactions 
based on [arXiv:0806.0883]

η ϕ pp

Single diffraction

Double diffraction

CEP elastic

CEP inelastic

http://arxiv.org/abs/0806.0883v3


LHC  DETECTORb

✴ LHCb detector: located at the LHC, fully instrumented in the pseudorapidity  
range , partially in . Very high  resolution!

(η)
2 < η < 5 −3.5 < η < − 1.5 p
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Muon stations

Calorimeters

Magnet

Ring Imaging Cherenkov detectors

η = − log[tan( θ
2 )]

Tracking stations
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Pseudorapidity ( ) 
defined as:

η

beam axis, z

https://cds.cern.ch/record/1129809/files/jinst8_08_s08005.pdf


✴ Need to detect proton remnants  increase the LHCb coverage to  
in the forward and  in the backward regions 
with HeRSCheL.

→ 1.5 < η < 10
−10 < η < − 5, − 3.5 < η < − 1.5

HERSCHEL: HIGH RAPIDITY SHOWER COUNTERS FOR LHCb
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 particles 

 protons

η

η

LHCb coverage 

HeRSCheL coverage

5 stations x 4 scintillating pads in each station

https://arxiv.org/abs/1801.04281


CENTRAL EXCLUSIVE PRODUCTION IN  COLLISIONSpp



✴ CEP event: diffractive process of the form  
✴ Mediated by the exchange of a colourless object: 

✴ : pomeron ~ two or more gluons in a colour-singlet state

pp → p + X + p

IP

CENTRAL EXCLUSIVE PRODUCTION IN  COLLISIONSpp
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 fusionγγ  fusionγIP  fusionIPIP

μμ, ee, ππ, WW, . . . JPC = 1−− : J/ψ, ψ (2S), Υ, . . . PC = + + : χc,b, γγ, H, . . .
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✴ CEP event: diffractive process of the form  
✴ Looks like this at LHCb:

pp → p + X + p
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CEP  collisionppInelastic  collisionpp

CENTRAL EXCLUSIVE PRODUCTION IN  COLLISIONSpp
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Backgrounds: 

✴ Continuum dimuon production (  fusion) 

✴ Peaking at the  mass:   feed-down (  
fusion),   feed-down (  fusion) 

✴ Inelastic production: a proton dissociates or 
there is gluon emission

γγ

J/ψ χcJ
IPIP

ψ(2S) γIP

8Cristina Sánchez Gras

Selection: 

✓ Exactly two reconstructed tracks 

✓  

✓  within  of the  
mass 

✓  

✓  veto to suppress inelastic 
production

2.0 < ημ+.μ− < 4.5

mμ+μ− ±65 MeV J/ψ, ψ(2S)

p2
T < 0.8 GeV2

HeRSCheL
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CEP  AND  IN  COLLISIONS AT                         [JHEP 10 (2018) 167] J/ψ ψ(2S) pp s = 13 TeV

J/ψ

ψ (2S)

https://cds.cern.ch/record/2622688


✴ Build a figure of merit with the  information to measure the activity in 
the detector:  . No (low) activity = elastic CEP! 

✴ Estimate inelastic background by using two samples: above and below 
 veto (more in backup)

HeRSCheL
log(χ2

HRC)

HeRSCheL
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CEP  AND  IN  COLLISIONS AT                         [JHEP 10 (2018) 167] J/ψ ψ(2S) pp s = 13 TeV

Chosen cut : log(χ2
HRC) < 3.5, efficiency = 0.723 ± 0.008

https://cds.cern.ch/record/2622688


✴ Signal extraction: remove background from each sample, fit the remaining curve 
with a single exponential 

✴ Regge theory:  → In agreement!dσ/dp2
T ∼ exp(−bsigp2

T), bsig ≈ 6 GeV−2
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bsig = 5.93 ± 0.08 GeV−2 bsig = 5.06 ± 0.45 GeV−2

CEP  AND  IN  COLLISIONS AT                         [JHEP 10 (2018) 167] J/ψ ψ(2S) pp s = 13 TeV

https://cds.cern.ch/record/2622688


✴ Cross-section calculation per rapidity bin  with : 

✴ Integrated luminosity, , multiplied by the fraction of events with no additional 
interactions, 

y ℒtot = 204 ± 8 pb−1

ℒtot
ϵsingle
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σJ/ψ→μ+μ− = 435 ± 18 (stat.) ± 11 (syst.) ± 17 (lumi.) pb σψ(2S)→μ+μ− = 11.1 ± 1.1 (stat.) ± 0.3 (syst.) ± 0.4 (lumi.) pb

χ2 /ndf (NLO) = 8.1/10
χ2 /ndf (LO) = 11.0/3
χ2 /ndf (NLO) = 3.0/3

χ2 /ndf (LO) = 28.5/10

CEP  AND  IN  COLLISIONS AT                         [JHEP 10 (2018) 167] J/ψ ψ(2S) pp s = 13 TeV

dσψ→μ+μ−

dy
=

Nsig

ϵtot ⋅ Δy ⋅ ϵsingle ⋅ ℒtot

https://cds.cern.ch/record/2622688


Photon-proton cross-section, : 

‣  is the gap survival factor 

‣   is the photon energy 

‣  is the photon flux 

‣  is the  system invariant mass 

✴ 2-fold ambiguity:  contribute to the 
same LHCb rapidity bin → we fix  from the 
HERA H1 parametrisation 

σγp→ψp(W+)

r(W±)

k± ≡ Mψ /2e±|y|

dn /dk±

W± = 2k± s γp

W+, W−
W−

12Cristina Sánchez Gras virtual Quarkonia as Tools - 23 March 2020

σpp→pψp = r(W+)k+
dn
dk+

σγp→ψp(W+)+r(W−)k−
dn
dk−

σγp→ψp(W−)

CEP  AND  IN  COLLISIONS AT                         [JHEP 10 (2018) 167] J/ψ ψ(2S) pp s = 13 TeV

LHCb data Calculated Taken from HERA

https://arxiv.org/abs/1304.5162
https://cds.cern.ch/record/2622688


CENTRAL EXCLUSIVE PRODUCTION IN ULTRAPERIPHERAL  COLLISIONSPbPb



✴ Diffractive process of the form  
✴ Ultraperipheral Collisions (UPCs): impact parameter larger than the sum of the two 

nuclei radii  

✴ Coherent:  interaction can be modelled by pomeron exchange

PbPb → Pb + X + Pb

γA
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Coherent production: 
 interacts with the 
whole nucleus A

γ Incoherent production:  
scatters a nucleon off A

γ

CEP  IN  COLLISIONS AT                         [LHCB-CONF-2018-003] J/ψ PbPb sNN = 5 TeV

Nucleon is scattered off

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.024901
https://cds.cern.ch/record/2320135


Backgrounds: 

✴ Incoherent  production 

✴   from feed-down of (in)coherent 
 production 

✴ Signal and background (except non-
resonant) in  fit modelled with 
STARlight generator

J/ψ

J/ψ
ψ(2S)

log(p2
T)

15Cristina Sánchez Gras

Selection: 

✓ Two reconstructed muons 

✓ Muons:  

✓  within  of the  mass 

✓

pT > 500 MeV, 2.0 < ημ+,μ− < 4.5

mμ+μ− ±65 MeV J/ψ

J/ψ : pT < 1 GeV, 2.0 < y < 4.5

virtual Quarkonia as Tools - 23 March 2020

CEP  IN  COLLISIONS AT                         [LHCB-CONF-2018-003] J/ψ PbPb sNN = 5 TeV

J/ψ

ψ (2S)

https://cds.cern.ch/record/2320135
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CEP  IN  COLLISIONS AT                         [LHCB-CONF-2018-003] J/ψ PbPb sNN = 5 TeV

σJ/ψ→μ+μ− = 5.3 ± 0.2 (stat.) ± 0.5 (syst.) ± 0.7 (lumi.) mb

pQCD with three 
different nuclear 

structure descriptions

Color-Dipole 
model: based on 
saturation physics

Color-Dipole model: 
including subnucleon 

scale fluctuations}
}
}

dσ(PbPb → Pb + J/ψ + Pb)/dy = ncoh /(ϵtot ⋅ Δy ⋅ ℒint ⋅ ℬ(J/ψ → μ+μ−))

✴ Cross-section calculation per rapidity bin  with : 

✴ Comparison to some theoretical models:

y ℒtot = 10.1 ± 1.3 μb−1

https://cds.cern.ch/record/2320135


OUTLOOK

✴ For  collisions: 

✴ Update with more data coming soon, higher statistics for  

✴ Measurement with electrons for  and  

✴ For  collisions: 

✴ Preliminary studies show how  can reduce the incoherent 
contribution. Update coming soon!

pp

ψ(2S)

J/ψ ψ(2S)

PbPb

HeRSCheL
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THANK YOU FOR YOUR ATTENTION!



✴ Around zero ADC counts in each counter: no activity 

✴ Long tail to higher numbers of ADC counts: significant activity 

✴ Construct a  quantity to combine the activity in all detectorsχ2

HERSCHEL: HIGH RAPIDITY SHOWER COUNTERS FOR LHCb
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CEP  AND  IN  COLLISIONS AT                         [JHEP 10 (2018) 167] J/ψ ψ(2S) pp s = 13 TeV

Estimating the contribution of the proton dissociation background: 

✴ Take  distribution with non-resonant  and feed-down bkg removed 

✴ Define two samples and define a variable with exclusive events, : 

   for  

   for  

✴ Proton dissociation bkg: scale  by  

p2
T μμ

β

SH log(χ2
HRC) < 3.5

SH log(χ2
HRC) > 3.5

β f(p2
T) ≡ SH(p2

T)/β(p2
T)

β = SH − ((1 − ϵH)/ϵH) SH} with  the efficiency for a CEP event to be in ϵH SH

f(
p2 T)

f(
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✴ Systematic uncertainties:
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CEP  AND  IN  COLLISIONS AT                         [JHEP 10 (2018) 167] J/ψ ψ(2S) pp s = 13 TeV

https://cds.cern.ch/record/2622688


✴ Cross-section calculation: 
dσψ→μ+μ−/dy = Nsig /(ϵtot ⋅ Δy ⋅ ϵsingle ⋅ ℒtot)
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CEP  AND  IN  COLLISIONS AT                         [JHEP 10 (2018) 167] J/ψ ψ(2S) pp s = 13 TeV

https://cds.cern.ch/record/2622688


✴ Cross-section without fiducial requirements on the muons to compare with theory:
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CEP  AND  IN  COLLISIONS AT                         [JHEP 10 (2018) 167] J/ψ ψ(2S) pp s = 13 TeV

https://cds.cern.ch/record/2622688


✴ Photoproduction cross-section, : 

✴ Two contributions:  corresponding to the emitted photon being parallel or 
antiparallel to the LHCb beam axis 

✴  contributes 2/3 of the times in LHCb.  taken from the HERA H1 parametrisation:
 

σγp→ψp(W+)

W+, W−

W+ W−
σγp→J/ψp = a(W/90GeV)δ, a = 81 ± 3 pb and δ = 0.67 ± 0.03
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CEP  AND  IN  COLLISIONS AT                         [JHEP 10 (2018) 167] J/ψ ψ(2S) pp s = 13 TeV

σpp→pψp = r(W+)k+
dn
dk+

σγp→ψp(W+)+r(W−)k−
dn
dk−

σγp→ψp(W−)

arXiv:1307.7099 [hep-ph]

https://cds.cern.ch/record/2622688
https://arxiv.org/abs/1307.7099
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CEP  IN  COLLISIONS AT                         [LHCB-CONF-2018-003] J/ψ PbPb sNN = 5 TeV

✴ Cross-section calculation:  

✴ Systematic uncertainties:

dσ(PbPb → Pb + J/ψ + Pb)/dy = ncoh /(ϵtot ⋅ Δy ⋅ ℒint ⋅ ℬ)

https://cds.cern.ch/record/2320135

