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General Motivation

 Much to understand about QCD

— perturbative / non-perturbative regime

— proton and nuclear structure (PDFs GPDs)
— hot spots

— saturation

— quark model bound states (n.,J/vy, x.)

— beyond the naive quark model (hybrids,
tetraquarks, glueballs)

 Can be addressed in diffractive DIS.



Specific Motivation

* p meson production in PoPb UPC

— comparison with ep and Pbp gives nuclear
shadowing (linear QCD)

— sensitive to non-linear QCD (saturation)
— spectroscopy of n system

— understanding p parameters that differ in ee and
tau decays

— could help with hadronic corrections for g-2.

» J/y+¢ production in exclusive pp collisions

— sensitive to beyond the naive quark model
(hybrids, tetraquarks, glueballs)



Physics of the Vacuum

Elastic scattering
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It's QCD — but not as we normally see it. It's colour-free

Gelastic = 40mb @
Gdiﬁractive = 10mb
Ginelastic =~ 60mb
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Physics of the Vacuum

Elastic scattering
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At high energy: A(s,t)=s%®
ap(t)=ap(0)+a't
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C)-elastic = 40mb -
C)-diffractive = 10mb
C)-inelastic = 60mb




Physics of the Vacuum

Diffractive
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Experimental working definition of diffraction
is presence of rapidity gap

Gelastic = 40mb
Gdiﬁractive = 10mb
Ginelastic = 60mb



Physics of the Vacuum

Central Exclusive Production
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DOUBLE EE
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(DPE)
/ P
Clean way to study QCD:

« structure of projectiles
« nature of colour-free propagators
« structure of what is produced out of vacuum

Oglastic = 40mb @

Ogiffractive =~ = 10mb b 100 “b
Oinelastic ~ 60mb
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Physics of the Vacuum

Central Exclusive Production
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Oglastic = 40mb @ 100 pb
Ogiffractive =~ 10MDb <:: P

Ginelastic = 60mb

CEP is characterised by a
rapidity gap all the way to the proton

Detect as large a gap as possible...



Colourless propagators

b>R1 + R2

/I

Hadron colliders:

Generally, to ensure no (colourful) QCD
interaction, d>R+R, (1.5 - 6 fm).

Large impact parameter <= Small pt

Electron-hadron collider:

~70% of total cross-section is diffractive




Photoproduction




Ultra-Peripheral Collisions
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Ultra-Peripheral Collisions
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Ultra-Peripheral Collisions
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Coherent production

>
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Photon converts into p-meson before the target QW
Collision is between a p-meson and a nucleus. Y




Coherent vs Incoherent
Interactions

Incoherent

Coherent Interagtion

J Interaction e High pt
& e Lowpg e Nuclear

e Intact nuclei Breakup
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Nuclear suppression
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Frankfurt, Guzey, Strikman, Zhalov, Phys.Lett.B 752 (2016) 51-58
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LHCb data is in range 6-20 GeV and 200-650 GeV




The LHCb detector

Interaction point

Bending plane
ECAL HCAL

RICH 2

Beam

Beam

Scintillators
(Triggering)

Forward-arm spectrometer
(2<n<5)
Unique acceptance and
capabillities.
Constraints nPDFs
down to x ~ 106
Precise Tracking
Full PID.

Mass resolution:
My ~ 9 MeV.

19
Low background levels



The LHCb detector

Hole radius Hole radius
47mm LHCb x L.
- 61mm
/ Cut-out
n ~108x230mm

6o0m™

Station B2
z=-114.0m Station B1
z=2107m Station BO

———
LHCb simulation

Station F2
= 114.0m

Deposited energy [a. u.]

T R 0 5 10
Pseudorapidity of the parent particle




Data Selection

Data

e 2018 PbPb LHCb data
° \/SNN =5.02 TeV
e Integrated luminosity: 228 £ 10 ub™

Selection Criteria

e Triggered Low Multiplicity Events (SPD < 50 )

e Two oppositely charged tracks

o Fiducial region defined by 2.05 < Yparenty < 4.9, Pr(tracky™ 100 Mev, and 2 < Nrraec < S
e Invariant mass > 400 MeV

e Both tracks consistent with being a pion (using PID)

e Transverse momentum of the system < 100 MeV

Resultant Data

e Final sample contains ~12 million candidates



Eff. corrected events/(10 MeV)

Backgrounds

Backgrounds ~<1%

LHCb-PAPER-2024-042
**e

« Gamma-gamma production:
12000 . t{ data

2.75<y<4.50 .+ ° [ Backeomd o Diphoton production

10000 - LHCDb Preliminary
A peaked at low masses and
8000 - * low o
i . - Shape of the yy—ee/uu
4000 . determined by fitting
2000 | * °°.,_. identified electrons or
" 0.4 ;).6 : muons.

0.8 i L2
Di-pion Invariant Mass (GeV) - Contamination from

yYy—ee and yy—pp
processes ~0.5%.
o Multi-hadron backgrounds
(rnn%/KK etc) at 0.1% level



Fit to standard Soding model

LH_Cb-_PAI?ER-ZO'24-.O42'
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Fit range [GeV | | [0.55,1.2] (0.6,1.1] [0.5,1.2] [0.6,1.5] [0.4,1.2]
M,[MeV | 770 & 2 769 + 4 776 £ 1 762152 771+ 3
T, [MeV | 146 + 13 162 + 8 154 +3 150113 150 + 4
|B/A| 0.70 £0.04 | 0.57 +0.09 [45] | 0.50 +0.05 | 0.5073:20 0.72 & 0.04
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095, arXiv:1503.09177.



Add o to Soding model

LHCb-PAPER-2024-042
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Relativistic Heavy lon Collider, Phys. Rev. C 396 96 (2017) 054904, arXiv:1702.07705.



Add o to Soding model

LHCb-PAPER-2024-042
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Fit Results

LHCb STAR HI1
STAR-fit H1-fit
M,[MeV ]| 774+£3 776 +3 | 7716.2+0.2 | 771+3
T, [MeV]| 15643 153 & 3 156 & 1 151 + 3
|B/A| 0.734+0.03 | 0.194.02 | 0.7940.08 | 0.19 £ 0.04
R [rad] 1.36 £0.03 | —0.23+.04 | 1.46 =0.11 | —0.5£0.3
|C/A] 0.344+0.03 | 0.184.01 | 0.36+0.05 | 0.17 £ 0.02
A[ MeV] - 3606 &= 110 180 £ 590
) - 1.07 £.11 - 0.76 £ 0.35

Results consistent with previous experiments but model dependent.



Eff. corrected events/(10 MeV)
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nt spectrum 400 to 2300 MeV

Eff. corrected events/(10 MeV)
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e Data at high mass falls
well below fit

e Does not account for
clear structure around
1.7 GeV



Add form-factor, continuum interference + extra BW
to ® + Soding model

LHCb:PAPER-2024-IU42
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Add form-factor, continuum interference + extra BW
to ® + Soding model

LHCb;PAPER-2024-IO42
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There is no unique way to fit

the data.
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Aside: Useful for g-27?
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Qualitatively similar. If direct comparison not possible, may help understand structure.



Double Pomeron Exchange

p

JP=O+,'!+,2+

Understanding colourless strong interactions is fundamental
Also simple environment for spectroscopy, in particular, glueballs



oYY = 58 4 10(stat) & 6(syst) pb,

J/wJ/w: search for o450 Z 637 (stat) £ 10(sy) .
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= Today from inclusive measurements

e il we know there is significant structure

== = DPS+NRSPS

and tetraquark candidates

_, Diffractive measurements are cleaner
z "y (MeV/eD) 0 and help identify quantum numbers

Sci.Bull. 65 (2020) 23, 1983-1993




JIy+¢: search for exotica

PRL127 (2021) 082001  B* — J/}¢K* decays
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Structure seen in Inclusive production of
Jy+o .

Similar and much cleaner structure now
seen exclusively.



Summary

e New measurements from LHCDb in central
exclusive production

— 7t production in PbPb collisions
— Jhy+¢ in pp collisions

* Broad range of implications for
understanding QCD



