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Initial Thoughts

this is not a summary talk!
in principle, focus on forward results

disclaimer, I am biased by LHCb and PYTHIA affiliation

some recent cross-sections
understanding collective effects

progress in double parton scattering
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The State of Soft QCD

Inelastic Cross-Sections
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https://arxiv.org/abs/1803.10974

ATLAS Preliminary %982 ( 64
Vs=8TeV -8\[/)erlay Background

u
mDD
ND

1 156 2 25 3
ATLAS-CONF-2019-012 An

Tlten E 3 Soft QCD and DPS [ 4/ 24


http://cdsweb.cern.ch/record/2670978

« difference between pp and pp slopes indicates three-gluon exchange
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https://arxiv.org/abs/1812.08610

Collective Effects

The Ridge in the Room

« ridge first observed by STAR in Au Au collisions with QGP

CMS MinBias, 1.OGeVIc<pT<3.0GeVIc CMS N=>110,1 .OGeVIC<pT<3.0GeVlc
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https://arxiv.org/abs/1009.4122

Collective Effe

A Forward Perspective

» ridge also observed in forward region, —5.4 <y < —2.5 in
nucleon-nucleon system

LHCb Pb+p sy =5TeV
1.0<pT<20(BV c
Event class 50-100%
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Event class 0-3%
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https://arxiv.org/abs/1512.00439

Collective Effects

A Microscopic Model

» can consider macroscopic or microscopic models
» factorise event and overlay multiparton interactions

/ >
1) hard process 3) ISR 5) underlying event  7) particle decays

2) resonance decays 4) FSR  0) hadronization
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Collective Effects

Strings or Clusters?

string model (PYTHIA)

cluster model (HERWIG)

o linear confinement

doug
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V =~ kr —

« split strings into hadrons

» pre-confinement

+ clusters independent of
hard process scale

« dependent on QCD and
shower scale

» decay clusters into hadrons
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Collective Effects

Colour Reconnection

« use large colour limit, then minimise string lengths
» no long-range effect!
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https://arxiv.org/abs/1807.05271

Collective Effects

String Interactions

- overlap can be considerable (radius reduced by 10x)
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https://arxiv.org/abs/1702.01329

Collective Effects

Ropes and Shoving
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https://www.monash.edu/__data/assets/pdf_file/0004/1741234/Slides-Leif-Lonnblad.pdf

A Ridge Emerges!
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Collective Effe
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https://arxiv.org/abs/1710.09725

Collective Ef

Stranger Things
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https://arxiv.org/abs/1606.07424
https://arxiv.org/abs/1008.3105

Collective Effects

Adding a Twist

» what about strings with physical structure?
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https://arxiv.org/abs/1709.07384

Double Trouble

Double Parton Scattering
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» double parton
scattering directly

related to
multiparton
interactions
1 0102
012 = 7———
1+ 512 oo

o Oeff 18 not fixed,
depends on energy
and process scale
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https://arxiv.org/abs/1811.11094

Double Trouble

Why So Sensitive (or not)?

« swamped by ZZ — 44, pp sum (vector/scalar) most sensitive
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https://arxiv.org/abs/1811.11094

A Little Better

o 8.8fb < oo < 12.51b, some model uncertainty
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http://arxiv.org/abs/1612.07451

Double Trouble

Troubles with Quarkonia
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https://arxiv.org/abs/1509.00771
https://arxiv.org/abs/1307.6379

Double Trouble

A Tale of Two Pictures

® NRQCD hard process, octet states showered with QCD splittings
@ shower with NRQCD splittings, match with hard process

shower production
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https://arxiv.org/abs/1603.06981

Double Trouble

Displaced Results
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https://arxiv.org/abs/1701.05116
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https://arxiv.org/abs/1701.05116

Double Trouble

LHCb’s Not Crazy
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http://cds.cern.ch/record/2318344

Outlook

« LHC measurements are critical for understanding soft QCD
« collective effects have helped unify heavy ions and high energy

» progress has been made in understand these effects, more work
needed

» double parton scattering is an important tool for understanding
multiparton interactions

Thank you!
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