Study of Central Exclusive Production in
proton-proton collisions with ALICE at LHC

Paul Bihler

Stefan Meyer Institute
Austrian Academy of Sciences
Vienna

on behalf of the ALICE collaboration

—_— ALICE

P, Biihler (SMI) ExcitedQCD 2019, 31.01.2019 1/20



Central Exclusive Production with ALICE

Heavy lon event - A+A
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Central Exclusive Production with ALICE

Heavy lon event - A+A CEP event - p+p
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Outline

@ High energy proton-proton collisions - Pomeron
@ High energy particle diffraction

@ CEP - a type of diffractive event

@ ALICE to study CEP
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pp collisions at LHC energies

At LHC energies
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pp collisions at LHC energies

At LHC energies

o Otot = Oel + Oin Standard Model Production Cross Section Measurements Status: July 2018
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High energy proton-proton collisions

Soft processes
@ pQCD is not adequate
@ Regge theory (long-range) - Tullio Regge, 1960s

» describes hadronic reactions at high energies
» exchange of family of particles: regge trajectories, Reggeon, R
. generalizes exchange of single particle
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High energy proton-proton collisions

Regge trajectories
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High energy proton-proton collisions

Regge trajectories
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High energy proton-proton collisions

Regge trajectories

J=a(t) =a+ (1)

O'to[(S) x S (a=1)
with a < 1, o1t(S) is falling

Pomeron trajectory - V. Gribov, 1960s
a(t) =1.0808 +0.25 - ¢
with a > 1, o1(S) is rising

no known particles - glueballs?

pomeron P has quantum numbers of

vacuum:
|PC — o+t
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High energy particle diffraction

HEH
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High energy particle diffraction

HEH
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High energy particle diffraction

pp collisions

@ Diffraction
a reaction at high energies, in which no quantum numbers are exchanged between

the colliding particles

@ Operational definition
events with large, non exponentially suppressed (pseudo) rapidity gaps An in the

final state
@ Pseudo-rapidity
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High energy particle diffraction
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ALICE coll., EPJC 78 (2013) 2456.
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CEP - a type of diffractive event
@ Central Exclusive Production of X
Pa+Pb—>Pc€9X@pd

@ Double Pomeron Exchange (DPE)
Pi+P— X

@ IGJPC(X) =0t (even)*+
— quantum number filter

@ glue—rich process P (@) p(p2)
@ m(X) depends on momentum
exchange Ap
m(X)~1-5GeV/c® — A—pp ~ 104
w= @ O
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CEP - a type of diffractive event
Mesons below 2.0 GeV/c?
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CEP - a type of diffractive event

Mesons below 2.0 GeV/c?
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CEP - a type of diffractive event

deuteron-like ordinary mesons
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ALICE to study CEP
CEP strategy with ALICE
@ Select CEP events by double-gap strategy

@ Investigate centrally produced particles by invariant mass
analysis of their stable decay products - 2 (4) 7 (K, p),
net charge =0
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ALICE to study CEP

@ CEP selection with ALICE

@ |TS: 6 layers of silicon

detectors THERHCE PRI LR
@ VO0: scintillator hodoscopes
@ FMD: silicon strips 9
@ AD: scintillator pads
@ ZDC: neutron and proton m =
calorimeters .

15, Dipole Magnet
16,PMD

17.AD

18.20¢

19, ACORDE
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ALICE to study CEP

@ CEP selection with ALICE

@ ITS: 6 layers of silicon
detectors

@ VO: scintillator hodoscopes
@ FMD: silicon strips
@ AD: scintillator pads

@ ZDC: neutron and proton
calorimeters

ADC - ADA: An ~ 13

0
pseudo rapidity (n)

CEP = (ntrks in ITS/TPC) & IVO & IFMD & IAD
An ~ [6.1,5.4]
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ALICE to study CEP
@ Tracking and PID with ALICE

e ITS, TPC, TOF
@ tracking @p; > 0.1 GeV/c with high efficiency
@ PID for charged particles with good separation power
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ALICE to study CEP
@ Tracking and PID with ALICE

e ITS, TPC, TOF
@ tracking @p; > 0.1 GeV/c with high efficiency
@ PID for charged particles with good separation power
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ALICE to study CEP
@ Tracking and PID with ALICE

e ITS, TPC, TOF
@ tracking @p; > 0.1 GeV/c with high efficiency
@ PID for charged particles with good separation power
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ALICE to study CEP

Data sets
Period Trigger Approx. number of
21 DG events
7 TeV
2010 MBOR 0.6 M

SPD || VO

13 TeV

>2016 CCUP13
>2 online tracklets & VO 1M

>2017 CCUP25
>2 online tracklets & V0 & >2 TOF hits 5M
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Invariant mass distributions of CEP events

ALICE 2017/2018 (~8.2 pb—1), 27 uncorrected
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Invariant mass distributions of CEP events

ALICE 2017/2018 (~8.2 pb—1), 27 uncorrected
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Invariant mass distributions of CEP events

ALICE 2017/2018 (~8.2 pb—1), 2K uncorrected
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Invariant mass distributions of CEP events

ALICE 2017/2018 (~8.2 pb—1), 2K uncorrected
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Final remarks

@ ALICE exploits gap topology to select diffractive processes

@ Profit from large n-coverage, efficient tracking capabilities, and good PID
down to low p;

@ CEP is an intriguing environment to study spectrum of low mass mesons

@ ALICE 27 and 2K invariant mass spectra of CEP events are rich of
features which need to be further investigated

@ Additional final states are under investigation
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