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Physics  Program 
of the experiments at 

Large HadronCollider

Lecture 3

First physics 
measurements: 

soft QCD 
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Latest news!!!



Lectures on LHC physics  Elzbieta RichterWas 3

QCD
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Total cross-section
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Characteristic in pseudorapidity
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Why “soft QCD” is interesting?

 It is non-perturbative 
physics and has an 
interesting phenomenology
 Beam remnants
 Multiple Parton Interactions
 Color recombination

=> All adding up to the 
colorless objects

 It is an essential ingredient 
for precision high pT 
physics
 Causes an experimental 

bias: energy scale, 
isolation, efficiencies, fakes
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Minimum bias at LHC

 Pre-LHC era
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ATLAS

 Minimum bias 
events:
 Require 1 MBTS counter 

to fire on either side
 Require reconstructed 

primary vertex
 At least N good quality 

tracks
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Minimum bias measurements
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ALICE publication
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CMS publication
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Three analysis techniques
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Energy dependence



Lectures on LHC physics  Elzbieta RichterWas 15

ATLAS publication (March 2010)
CERN-PH-EP-2010-004
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Analysis strategy

 Use charged particle multiplicity distributions 
to probe soft QCD:

 Analysis components:
 Trigger and event selection
 Track reconstruction efficiency
 Unfolding from track to hadron level (using MC)
 Compare to Monte Carlo phenomenological models
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Efficiency correction from 
Monte Carlo
 Trigger and vertex efficiencies 

derived from data
 Trigger > 99.5% efficient 

(obtained from a control trigger)

 Tracking efficiency from 
Monte Carlo 
 various data ↔ Monte Carlo to set 

systematics
 dominant systematics comes 

from knowledge of the material

 Unfold to the hadron level
 complicated procedure
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Track-to-particle correction
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 spectra and particle multiplicity

No Monte Carlo
is perfect
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pT spectra All disagree with data 
for high charged 
particle  multiplicity
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pT spectra Significant disagreement 
for pT> 2 GeV, the hard 
part for soft model
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Underlying event

 UE = “everything” - “hard scatter” = beam-beam 
remnants, MPI, ISR

 Study: charged particle density, transverse momentum, 
average pT. Transverse region considered most sensitive 
to UE
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Underlying event
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Transverse region particle density

 All tunes underestimate particle density by 10%-15% in the 
plateau region

 There is factor of ~2 increase in activities between 900 GeV 
and 7 TeV

 In the plateau region the measured density corrsponds to ~ 
2.5 per unit  at 900 GeV and 5 particle at 7 TeV
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Transverse region <pT> density

 Similar conclusions:
 there is factor of ~2 increase in activities between 900 

GeV and 7 TeV
 all tunes underestimate the scalar sum pT in the 

transverse region
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Particle Density Angular Correlation

 Define the event orientation by the azimuthal angle on the 
track with the highest pT.

 MC tunes only reproduce the general features, disagreement 
in rates both in the transverse region (UE) and in the away 
region (MPI/Hard Core)
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Minimum bias distributions

 Charged particle distributions:
 multiplicity, pT, , mean pT vs multiplicity 
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Diffraction enhanced samples
(no detector correction yet, compared to full sim)
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Diffraction enhanced samples
(no detector correction yet, compared to full sim)

 Excellent agreement with PHOJET
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Strange particle production

 A lot more strange mesons at large pT than predicted by 
models

 K/ ratio fairly independent of the centre-of-mass energy
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Strange particle production
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High multiplicity events
 Tails of the distributions 

where several MC 
generators underestimate 
the data (except Pythia)

 Trying to find unexpected 
(non in MC) effects in this 
regime)

 Highest multiplicities in pp 
begins to approach those in 
ion collisions; can learn 
about similarities or 
differences 
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CMS observation
 Observed long-

range near-side 
correlations in high 
multiplicity events

 Observed long-
range near-side 
correlations in 
high multiplicity 
events

CMS Collab., 
arXiv:1009:4122,

   accepted by JHEP
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High multiplicity events
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Correlations for PYTHIA
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MC tunes

 There are more soft particles than expected
 We need better understanding and modeling of 

diffraction
 Diffraction enhanced minbias sample (not yet detector 

corrected)  favours 30% (PYTHIA) relative diffractive cross-
sections and hard (PHOJET) particle spectra 

 Seems to be more “min-bias” high multiplicity soft 
events than expected

 The models do not produce enough strange 
particles
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MC tunes: hadronic event
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Tuning phenomenological 
models
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Diffraction: how important for  
MC tunings
 The low pT low Nch region is 

problematic
 Diffractive component 

important
 Case PYTHIA 6:

 Diffractive component 
soft and low multiplicity

 Case PYTHIA 8:
 At low Nch,  <pT> similar 

for SD,DD & ND
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PYTHIA tune to ATLAS minbias and 
UE data: significant improvement vs pre-LHC era
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Parameters tunnings
 ATLAS new tune:



Lectures on LHC physics  Elzbieta RichterWas 45

Next topics
 27.10 – hard QCD 
 3.11   - W,Z bosons: 

 cross-sections (incl. differential), W/Z+jets
 asymmetry

 10.11 - W,Z bosons:
 precise  measurements

 17.11 – Top: xsection, mass 
 24.11 – Hot topics: new exclusion limits
 1.12, 8.12, 15.12 – Higgs
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