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Introduction

@ Central exclusive production (CEP): Proton collisions where...

> Protons remain intact after the interaction
> A simple “central” system is produced

@ Allfinal state particles except the protons can be measured (“exclusive production”)

CEP processes:
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@ (A) Non-resonant dimuon production
@ (B) Vector meson (J/ v, y(2S)) production (“photoproduction”)
]

(C) xc production (Double Pomeron Exchange) ,Hd,



Motivation

@ (A) Non-resonant dimuon production
Theory is well known, we can reproduce this result

@ (B) Vector meson (J/y, w(25)) production (“photoproduction”)
Measured at HERA with photon instead of one proton. Can probe generalised PDFs.

@ (C) xc production (Double Pomeron Exchange)
Measured by CDF, but relative proportion of different x. states is not known. Analogous to
exclusive Higgs production, and probes PDFs, pomeron physics.
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The LHCb Experiment

Reconstructed objects in this analysis:
@ TRACK: Sequence of hits through one or more tracking detectors. LHCb can track and
trigger on particles with pr ~ 200MeV
@ MUON: Track + hits in the muon chambers
@ PHOTON: Deposit in calorimeter consistent with photon, with no track
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Analysis overview

We look for events with two muon tracks
@ Select Central Exclusive Production (CEP) event by requiring

> No activity except for the signal process!
> ... thatis, exactly two tracks in the detector

@ Because we see no other particles, the events are candidates for CEP

@ There may be additional particles produced outside of LHCb, and this background has to be
estimated
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Tracking acceptance

@ Main LHCb pseudorapidity range is 1.9 <1 < 4.9
@ We use muons with pr > 650MeV, photons with E7 > 200MeV

@ Can detect additional tracks in a larger range (events with additional tracks are rejected as
CEP candidates)

Simulation: Probability to detect a single proton as a track
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@ The main background is from the same final state as the signal (J/ v, ete)yuch
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but produced in a different way
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2010 Signal processes

Dimuon mass spectrum overview J/y
3 3 > >
imi = | LHCb Preliminar L
5 LHCb Preliminary 310k ey vev y gzsu %
D10 \s=7 Tev S s=7Te © LHCb o LHCb
h g 8. Preliminary 8. Preliminary
§ g a \s=7 TeV. a \s=7 Tev
o z § §
I g =
M u"lSl)f w
i
Bt 100
sl
i \}IH H |
5 8 10 12 1 IO - 30 Y
PR P vaniant MaSs (Gev) Invariant Mass (GeV) A AT Nttses e

3 a1 3
Invariant Mass (GeV) Invarianl Mass (GeV)

l rch YNNG

7/12



2010 Signal processes

Xc0s Xcts Xe2 y(2S)
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2011 Signal process!

T(1S) (a bb meson) in 2011 data
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Non-exclusive background estimation

@ CEP Signal and “inelastic” production of the same final state give rise to different
pr-distributions

@ Can measure pr-distribution for background in events with n additional tracks

@ Extrapolate to n = 0 (2 signal tracks only) for background pr-spectrum in CEP candidate
events

@ Extract signal and background fractions using a fit to the pr of the dimuon

T T ®  Background from 2010 Data
© _Signal from Starlight MC
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Luminosity

@ We need to exclude events with multiple interactions (pile-up)
@ Number of collisions per event follows a Poisson distribution
> Huge number of protons per beam
> Each proton pair has a very small probability of colliding
> Probability to have one collision is P(1) = pexp(—u), with 1 being the mean number of
interactions per event

@ We calculate the number of interactions per event in different ways and compare:

Visible interactions per beam crossing in 2011

Number of visible interactions per event, j

12 - O =

3 S
0.8 .

LHCb Unofficial I
0.6 -
PN [m———
0 92 94 96‘ ! ‘9‘5‘ ! ‘1!;0‘ ! ‘1(‘)2‘ ! ‘1(;AX103
run number
@ At LHCb we have relatively low i, so we can use about 22 % of the IH(,I’) MANCHESTER

interactions (32 % of the events)
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Conclusions

@ CEP gives us a very pure signal
@ Some challenges related to non-exclusive background
@ On track for a measurement based on 2011 data
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