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CEP: Colourless propagators
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(Vector Mesons) (Scalar / Tensor Mesons)

- Signal: central system with rapidity gaps down to proton
- Background: proton dissociation & finite detector acceptance.
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FIND THE GAP
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CEP: Complementarity of LHC running
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PA running

Op, enhanced by Z2 in UPC
Opp €nhanced by A3

AA running
g,, enhanced by Z*in UPC
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The | HCb detector nt v Mod. Phys. A30 (2015) 1530022
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Fully instrumented: 2<nN<35
Veto region (Run 1): -3.5<n<-1.5
Veto region (Run 2): -10<n<-5, 5<n<10
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Veto Regions LHCDb fully instrumented

y=-10 y=-21y=0 y=2>xy=10

Elastic Scattering

Single Diffraction

Double Diffraction

Central Exclusive Production (elastic)

Central Exclusive Production (inelastic)
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-
High Rapidity Shower Counters at LHCDb
(HeRSChel.)

JINST 13 (2018) P04017

Hole radius
47mm
*&'

LHCb x L.

Hole radius
50 61mm

Cut-out

~108x230mm
€ g :
€
(] [ &
[o)
O ,,‘A .
Station B2
z=-114.0m Station B1
z=-19.7m Station BO
z=-7.5m
Station F1
Z=20.0m Station F2
Installed for Run 2 (2015-2018) z = 114.0m
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Scintillators, light-guides and PMTs
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Backward stations

114 m
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LHCb simulation

w3 0 s 10
Pseudorapidity of the parent particle

Showers induced by high-rapidity particles interacting with machine elements
|deally wish to veto on any activity: threshold depends on signal and noise.
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Sample 1: Response to CEP events (QED up)

JHEP 10 (2018) 167.
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-
Sample 1: Response to CEP events

JHEP 10 (2018) 167.
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Sample 2: Non-CEP events (J/wp dissociation)

JHEP 10 (2018) 167.
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- 000000
HeRSChel discriminant for physics

signals

JHEP 10 (2018) 167.
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CEP QED looks like
empty-empty events

Evidence for pile-up
(much reduced in
p-Pb/Pb-p running)
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Herschel: considerations for physics

- MIP signal: 2-5 ADC counts. Noise ~5 counts.

- In principle can veto proton remnants (y<10) showering
into Herschel.

- Complicated by electronic spill-over and machine pile-up
(mainly for pp running)

- Note: directionality of break-up.
- Photoproduction in pA has break-up in p direction
- Break-up of A gives larger signal than p

R. McNulty, CEP at LHCb: Measurements and Opportunities 18



Average number of = 2015: pp running (0.3 fb™)
interactions per crossing

—

Ave rage ml&veragef
i| T |g T |.° T s >

oo, }",. "f,v-_ vy ey

O-1 . 2016: pA running (30 nb") |
eI . - ]
S go.os: 02— " :
GE> . 14555 2016: pp running (1.6 fb'1')
o o 3 (s e arawse S pen
) . Elf $eg h T
< Ol
5510 5540 5570 86 -
LHC Fill Number o ~
>.2:
1 2015: AA running (4 ub™) < e
0.1 Bof AP e
: 3.5+ 2017: pp running (1.8 fb")
g E { 11 2018: pp running (2.2 fb")
- S
> © st :
< & T O o .
LHC Fill Number 79
pp: 1 interaction per BCO R SO FUUU LOUU JUUNE OUU PO O

PA/AA: 1in 10 crossings

R. McNulty, CEP at LHCb: Measurements and Opportunities 19




-
Tests of QCD
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>p(A)

y LHC vector meson production related to photo-

production through photon flux

photon flux dN_ /dy

Jhy _ dNyz(w)  2Z%em /00 s (Fz(K2 +w?/+2)\° Jiy
N,;z(w) =w do = . dk, k7 ( Ry )
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Two-fold ambiguity in pp or AA collisions
> P >p
Guzey & Zhalov |

arXiv: 1307.6689]
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p+Pb—p+Pb+J/v

2 f E;=4 TeV Ep, /A =1.58 TeV
''''' DZ approximation

=== dipole FF

y
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Roughly equal cross-sections with rapidity for
Jw, w(28) Y

Strongly peaked to higher rapidities for p, w, ¢

x=M2/W2 W2=MeY\s
J/w: W=[20,2000] GeV, x=[3E-6, 0.02]
p:  W=[10,1000] GeV, x=[[5E-7, 0.007]
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LHCb J/w compared to lower energies

JHEP 10 (2018) 167.
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Gluon PDF determination

- Major impact on gluon PDF (yet this is not included in default
global PDF sets)
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-
Nuclear PDF determination

» In similar way o, , gives nuclear PDFs (or shadowing)
- LHCb measurement of J/y CEP in Lead-lead collisions
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Upsilon photoproduction

Measurement by LHCDb in pp

and recent CMS in pPb .0* CMS pPb 32.6 nb™ (5.02 TeV)
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e
Complementarity of AA running:

light-by-light scattering M Kusek-Gawenda, ariv:1809.03823

ST 1
> Fn [Sy=5.02 TeV, UPC

% 10" LHCb cuts

3>_10'°E- n'(958) 2<n <45,p_>200MeV

— —
llllmrﬁ'l'ﬁ'l'l'l T TTT

=

2
ATLAS, Nature Phys. 13 (2017) 852 g . l' \\ ]
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LHCDb in principle can go to lower masses T T
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spectrum <100 MeV for signal

2018: Aim for 4pb™ of data.
(Sufficient for seeing resonances but not continuum)
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-
Open questions in QCD....
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Saturation’

5
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|/ LHCb:

Collision between one well
understood parton and
one unknown or large
DGLAP-evolved parton.
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Saturation’

6 III III
|°g10(Q2) ,/'I
[GeV?]

4 7 ; ,’Il
|/ LHCb:

3 7 Collision between one well

understood parton and
2 - one unknown or large

DGLAP-evolved parton.

0 -
p ﬁ L
-6 -5 -4 -3 2 -1 0"
-1 i
log,o(x)

R. McNulty, CEP at LHCb 32



-
Saturation
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Eur.Phys.J.C2:247-267,1998

e VDM & Pomeron (ref.[62])
—— VDM & Pomeron (ref.[61])

© low energy data
ZEUS 1993

H1 1993

ZEUS 1994

[
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T
*

- [61] A. Donnachie and P.V. Landshoff, Phys. Lett. B185 (1987) 403;
A. Donnachie and P.V. Landshoff, Nucl. Phys. B311 (1989) 509;
P.V. Landshoff, Nucl. Phys. B (Proc. Suppl.) 18C (1990) 211.

i [62] J.R. Cudell et al., preprint hep-ph 9601336 (204
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Look to low-x low-Q? region.
Problem is not perturbative
Rho photo-production
predictions depend on

modelling of Pomeron

LHCb can measure this at
W = 1TeV (x=5E-7)
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-
Open questions in QCD: Exotics

JPG 41 (2014) 11500 JPG 41 (2014) 115002
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Double J/y production

J
. /¥ a . J /g
C
. z
Jiy - Jjw
> -
¢ ¢
= 4 = > >

Final state theoretically studied in diphoton production (linear collider)
but not through double pomeron exchange (hadron collider)

Sensitivity to higher mass states (tetraquarks, n,)
Inclusive production has attracted much interest (DPS effects)
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Double J/w production (Tetraquark candidate)

=

i

Final state theoretically studied
in diphoton production (linear
collider)

but not through double pomeron
exchange (hadron collider)

) -
Sensitivity to higher mass states
(tetraquarks, n,)

Inclusive production has

attracted much interest (DPS)

LHCb estimates exclusive
cross-section. 24+-9 pb

Harland-Lang, Khoze, Ryskin:
JPG 42 (2015) 5,055001 2-7 pb
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Open questions in QCD: The odderon (1)

>p
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= 001} Bzdak, Motyka, Szymanowski, Cudell
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do°™ [dy J /Y T
odderon photon odderon photon
Tevatron | 0.3-1.3-5nb | 0.8-5-9nb | 0.7-4-15pb | 0.8-5-9 pb
LHC 0.3-0.9-4 nb | 2.4-15-27 nb | 1.7-5-21 pb | 5-31-55 pb

Requires understanding p+? spectrum for proton dissociation (or rejection of it)
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-
Odderoproduction

LHCb-CONF-2016-007

--------------- More than 4 tracks
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Proton dissociation or Odderoproduction ? !
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Open questions in QCD: The odderon (2)
Y
Brodsky, Rathsman, Merino, H4%”4‘<i . }Mﬁ
PLB461 (1998) 114. :
Hagler, Pire, Szymanowski, Teryaeyv, PIO % G-
EPJ26 (2002) 261.
Bolz, Ewerz, Maniatis, Nachtmann, Sauter,

. , /‘:}\ Y |
Schoening, JHEP 1501 (2015) 151. ]
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.
Open questions in QCD: The odderon (3)

Czyzewski et al., PLB398 (1997) 400.

Berger et al., EPJ C9 (1999) 491.
Yp->np, yp->1%, yp->f,p, yy->10m0 M.G. Ryskin EPJ C2 (1998) 339.

Kilian & Nachtmann, EPJ C5 (1998) 317.

e ,p;

In pp colisions, photon flux small so yy cross-section small (and calculable)
Photon-Odderon production ‘small’/unknown

Pomeron-Pomeron production suppressed, but still constitutes a background.

R. McNulty, CEP at LHCb 40



Open questions in QCD:
Glueballs, Hybrids

' kx, | Double-pomeron-exchange processes
a Glue Laboratory
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Summary

Central Exclusive Production
IS an attractive environment
theoretically and experimentally

to study QCD
and look for new effects.
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