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Theoretical Introduction

CEP: Central Exclusive Production

Exclusive production Inelastic production
- N\— o .
For pp: >P >P 2 >P 18 Exclusive:
Y Y Y Y% O
J/ J/ J/ J/ 3 p+p - p+p+]/¢
Y P P Y '
2 Pb+Pb — Pb+Pb+] /1y
9 9 9 9 9 9 9 8
>p >p >p — o
(a) b) (c) (@) —
Diffractive production
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Coherent w,, .. photon interacts with the W, © photon scatters off one

whole nucleus of the nucleons
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Photon flux grows with Z? (number of protons inside the nucleus), bigger luminosity in PbPb exclusive production
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Theoretical Introduction

Non-resonant di-muon eg J/W¥, Y(2S) egx, —J¥y
(di-y fusion) ( y-pomeron fusion) (di-pomeron exchange)
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Exchange of colorless object — photon, pomeron (gluon state)

From quantum number we know how ] /1 should be produced
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Physics Motivations

Test of QCD and gluon object (pomeron) in clean environment
Measurement sensitive to gluon saturation

Gluon distribution at low Bjorken-x — Accessible with forward detector at high rapidity
L A B e

Q2 =10 GeV?|

g/10 arXiv:1207.5238 | -

—y
mj/qyp€ With LHCb acceptance at 13 TeV o

T =~

\/g pp collision, x down to 10-6
0.4
0.2
0 LLLl
A 10 10° 1072 1071 1


http://arxiv.org/abs/arXiv:1207.5238

[.HCb detector

Single arm forward spectrometer optimized for flavour physics

Excellent muon identification = 97 % (mis-ID = 0.7 % at high transverse momentum)
Ap/p=0.4% (5GeV/c)up to 0.6 % (100GeV /c)

Forward acceptance 2 <n<b5

SPD/PS M3

Magnet RICH2 M| M2

Very precise Vertex Locator (VELO) with '

T1
also a backward sensitivity (-3.5 <n <-1.5) & . N

ogato




Extra detector: HeRSChel

A High Rapidity Shower Counter for LHCb

Better rapidity coverage: —7.5<n<-3.5,5.0<n<8.0

Useful to reject non CEP elastic events
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Data Samples

pp data
2011 1.1 tb-! 7 TeV
Run1
2012 2.1 b1 8 TeV
2015 300 pb- 13 TeV
2016 1.7 tb-! 13 TeV
Run 2 PbPb data

2015 10 ub-t b TeV

November 2018  Lexpect> 10x(2015) 5 TeV

HerSCHel



CEP Analysis

CEP charmonium production
Dimuon final states

LHCb-CONF-2018-003
® |/, PbPb: Vsnn=5.02 TeV

LHCb-PAPER-2018-011
® ]/, U(2S), pp: Vs= 13 TeV

o ]/Ll), 1[)(28), Pp: vVs=7TeV ].Phys. G41 (2014) 055002

® Y(nS), pp: Vs=7TeV and 8 TeV (also bottomonium!)  HEP 1509 (2015) 084

o X(—=J/Vy)pp:Vs=7TeV LHCb-CONF-2011-022

® Double charmonia pp: vs=7 TeV and 8 TeV J.Phys. G41 (2014) no.11, 115002



Exclusive Event selection

Strict selection for exclusive event
LHCb-PAPER-2018-011
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Candidates per 10 MeV

179, $(25): pp@15 TeV
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179, $(25): pp@15 TeV
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Same analysis done at 7 TeV pp

W (center of mass energy of the system yp)

distribution allows to compare results to HERA
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Candidates / ( 13 MeV )
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J/4 PbPb@ 5 TeV
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. LHCb Prehmmary © —-data
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No HerSCHel veto applied yet
pr<1GeV/c

LHCb-CONF-2018-003
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First PbPb analysis by LHCb !
PbPb vsnn=5 TeV
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arXiv:0706.3356 [nucl-ex]

Photon flux grows with Z2
— Higher J /U production cross-section

Transverse momentum fit
Fit template from STARIight:
- Non resonant yy — uu

Incoherent and feed-down ({(2S)—]/ Ll)-I-X)
» Coherent production

arXiv:1607.03838
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]/ PbPb@5 TeV

+ 0.7 (lumi) mb

o =5.3+0.2 (stat) £ 0.5 (syst

N—

Differential cross-section in rapidity g A 2 LHCb Preliminary
— Useful to compare models —
>, 4 ", —o= Po-Pb {San=5 TeV
3 35
+ Red: Non Relativistic QCD <3 |
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2 \
1.5 \%
The high uncertainty prevents us from 1 SN
choosing one model over the others 0.5 \
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Guzey et al.
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=== EPS09

Goncalves et al.

== [P-SAT+GLC

=== [IM+BG

Cepila et al.

m== GG-hs+BG
GS-hs+BG

Mintysaari et al.

m== |S fluct. +GLC

= 10 fluct. +GLC

Interesting measurement: Ratio 1(2S) over ] /1 but more data needed (2018 PbPb data ?)

HeRSChel being considered to improve signal /background

LHCb-CONEF-2018-003 13




]/ PbPb@ 5 TeV

Quick look at the first result using the HerSCHel veto

LHCb Preliminary —@— data without Herschel
Pb-Pb \/ Sy = TeV
_+_ —S— data with Herschel
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Conclusion

« J/1{ and P(2S) production cross-sections with 2015 dataset in pp data
with vs=13 TeV

# Preliminary J/{ production cross-section with 2015 dataset in PbPb data
with vVsnn = 5.02 TeV, final results will be improved by Herschel

« pPb/Pbp dataset to explore from 2016 with vsnn= 8 TeV

* Help constrain QCD models for: very low-x gluon distribution,
shadowing and gluonic state like pomeron
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