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 Introduction 

– Minimum Bias (MB)

– Underlying events (UE)

– UE observables

 Measurements with CMS Run 2 data  

 Summary
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Introduction: Minimum Bias Introduction: Minimum Bias 

  Minimum Bias (MB): soft hadron-hadron collision 

– ~40 in every event @ LHC

– need to be treated carefully

– can limit the precision measurements

– requires good event modeling

– dominated by low transverse momentum 

               QCD processes.

– sensitive to saturation effects of cross section and MPI

 Experimental definition: “Minimum bias” events = events selected with a

     minimally biased trigger selection.

– Most event selections (including triggers) introduce a bias, i.e. select only

certain classes of events and reject others

  Measurements performed with both with tracks and clusters.

 MB is not the same as Underlying Event (UE) and not to be confused with Pile Up (PU)!
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Underlying Events (UE) @ LHCUnderlying Events (UE) @ LHC
  pp collisions @ LHC 

– hard scattering
– softer partonic scatters (MPI)
– initial- and final- state radiation (ISR/FSR)
– beam remnants and soft rescattering of beam

remnants (BR)

+ colour reconnection

+ pile-up
+ etc..

UE: additional activity on top of the hard scattering 

 Hadronic activity at the high luminosities of the LHC is dominated by the UE 

– accurate understanding needed for precise measurements of SM and BSM 

 The UE consists of semi-hard and low-p
T
 processes phenomenological description

– detailed understanding crucial for MC tuning
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Why MB and UE?Why MB and UE?

  Possibility to understand the different components of particle production

  study soft processes: 
– In small scales
– at low-x

  transition from perturbative to non- perturbative region

 total 2 → 2 partonic cross section: σ(p
T
 )∝ 1/p

T

2 is divergent  for p
T
→0,  σ(p

T
) > σ

inel

 At LHC energies: σ(p
T
) > σ

inel
 already for p

T
~ 5 GeV

 In PYTHIA8 divergence is controlled  by

– a regulator p
T, 0

–

       
energy dependence parameterized by a power law:

– multiple partonic interactions (MPI)
                        
                        <n

MPI >= σ(p
T
)/σ

inel

PRD 86 (2012) 117501]



  6/22Minimum Bias and Underlying Event Measurements at CMS, Low-x 2017       S. Cerci 

UE ObservablesUE Observables

 Experimentally: fnal-state hadrons can not be identifed as coming from one of the processes: ISR, FSR, MPI, BR
– 3 regions in ϕ with respect to the direction of the leading object are defned

 Particle properties in regions transverse to the direction of hard scattering products

 Transverse regions: 60o < | Δϕ | < 120o : 

– TransMAX: maximum activity side, often containing a 3rd jet -> MPI/BR + ISR/FSR 

– TransMIN: minimum activity side -> sensitivity to MPI/BR 

– TransAVE = (TransMAX + TransMIN)/2 

– TransDIF = TransMAX – TransMIN -> very sensitive to ISR/FSR

TransMinTransMax

 Measured observables 
– average charged-particle multiplicity density

               (particle density) : <Nch>/[Δη Δ(Δϕ)]

– average transverse-momentum scalar sum density
                (energy density) : <∑pT>/[Δη Δ(Δϕ)]
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UE with leading particles and jets @ 13 TeVUE with leading particles and jets @ 13 TeV

 Low p
T
 regime:

– sharp rise due to the increase
of the MPI activity

 Average particle density vs. leading jet p
T for charged particles

 High p
T
 regime:

–  Saturation on MPI activity
– Slow increase due to ISR and FSR 

 TransMIN flatter at high p
T
 (MPI saturated) than TransMAX and TransDIF (radiative increase) 

CMS PAS FSQ-15-007
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UE with leading  particles and jets @ 13 TeV (II)UE with leading  particles and jets @ 13 TeV (II)

 Saturation of MPI activity related to the impact parameter ~ 5 GeV

 After ~ 5 GeV constant rise originating from increasing ISR activity.

 Low p
T
 region:

– large difference between models
– due to lack of diffractive events HERWIG CUETHS1 fails

 Average energy density vs. leading jet p
T for charged particles

 PYTHIA8 Monash and CUETP8M1 give better description for data

CMS PAS FSQ-15-007
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UE with leading  particles and jets @ 13 TeV (III)UE with leading  particles and jets @ 13 TeV (III)

 Strong rise of UE activities with centre-of-mass energy, as predicted by models

– increase of the parton densities at smaller momentum fraction

 TransMIN densities show a stronger √s dependence than TransDIF ones

–  MPI activity grows more with √s than that from ISR & FSR

 √s energy dependence: 2.76 TeV vs. 13 TeV
CMS PAS FSQ-15-007
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UE activity @ 2.76 TeVUE activity @ 2.76 TeV

 Good description of energy dependence.

 Strong rise in the UE activity
–  increase in the of number partons with smaller fractional momenta x ~ 2 p

T
 /√s .

 √s energy dependence: 0.9, 2.76, 7 and 13 TeV
CMS PAS FSQ-15-007
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Charged particle density @ 13TeVCharged particle density @ 13TeV

 Motivation: 

• Study the different components of particle production           

• Constrain and tune the models

• Study transition from perturbative to non-perturbative region

• Measure average number of particles per pseudorapidity unit

                 : at least 1 charged particle p
T
 > 0.5 GeV 

                     |η| < 2.4

         Activity : at least 1 particle with E > 5 GeV 

         Veto      : no particle with E > 5 GeV 

      

      
      
      - Inelastic enhanced                                 :        + Activity in at least one Fwd. region

- NonSingle Diffractive (NSD) enhanced :        + Activity in both Fwd. Regions 
- Single Diffractive (SD) enhanced           :        + Activity in one Fwd. Region and Veto in the other side

 Analysis strategy:

       - Trigger: both beams crossing at the IP

 Four different event selections based on activity in forward region 

CMS PAS FSQ-15-008
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Results: Charged particle density @ 13TeV Results: Charged particle density @ 13TeV 
CMS PAS FSQ-15-008

 Results corrected to primary charged particles  

 PYTHIA8 MBR with the tune CUETP8M1 give the best description 

 Total systematic unc. shown as shaded bands around the data points

 HERWIG++ (version 6.521) UE-EE-4C is not able to describe the measurement

– difficult to describe simultaneously the density in the central and most forward regions

NSD enhanced
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Results: Charged particle density @ 13TeV (II) Results: Charged particle density @ 13TeV (II) 

 Particle density about 4 times smaller
–  correlation between the central and forward regions

 PYTHIA8 MBR with the tune CUETP8M1 gives the best description 

 Total systematic unc. shown as shaded bands around the data points

 HERWIG++ (version 6.521) UE-EE-4C has no diffractive component 
– larger model dependence not covered by the systematic uncertainties

SD enhanced
CMS PAS FSQ-15-008
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UE in Drell-Yan events @ 13 TeVUE in Drell-Yan events @ 13 TeV

 pp → Z + X → μ+μ- + X 

– p
T
(μ) > 10 and 20 GeV ,   |� | < 2.4 

–  81 < Mμμ < 101GeV

 Average particle and energy densities for charged particles with

–  p
T
 > 0.5 GeV and |η| < 2 in away, transverse and towards regions

 UE tunes are obtained by fitting measurements in QCD events 
– doing a good job in describing particle production in Z events.

 Test the universality of the tunes interfaced with different event generators
– POWHEG (Z + up to 2 partons at NLO) + PYTHIA8 CUETP8M1 
– POWHEG + HERWIG++ EE5C
– MADGRAPH (Z + up to 4 partons at LO) + PYTHIA8 CUETP8M1

 Drell-Yan (DY) process with muonic final state is used:

– Experimentally clean, theoretically well understood and no final

state radiation

– It makes possible to study both UE (MPI + BBR) and radiation

contribution separate

– UE dominates at comparatively low Z-p
T  in region of ∆ϕ  ~ 90° 

w/r/t Z

Z /

CMS PAS FSQ-16-008
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Results: UE in DY @ 13 TeVResults: UE in DY @ 13 TeV

 Good agreement with PYTHIA8 observed

 HERWIG++ overestimates the UE by ~10-15%

 High pT region: low increase of  ISR activity in  towards & transverse regions

– sharp increase of ISR activity in away region

 MPI activity already saturates (hard scale Mμμ) at low p
T
 region

CMS PAS FSQ-16-008
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Results: UE in DY @ 13 TeV (II)Results: UE in DY @ 13 TeV (II)

 MADGRAPH + CUETP8M1 gives the best description

 HERWIG++ overestimates the UE by ~10-15% in all regions

 Average energy density vs. dimuon p
T

CMS PAS FSQ-16-008
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Results: UE in DY @ 13 TeV (III)Results: UE in DY @ 13 TeV (III)
 Towards activity at different energies

average particle density average energy density 

 To understand the
energy evolution of the
UE activity with centre-
o f - m a s s e n e r g y ,
compared with results
obtained at 1.96 TeV
and 7 TeV by Tevatron
and LHC experiments.

 UE activity increases
by 60 – 80% from 1.96
to 7 TeV

Models predict lower
increase particularly at
low p

T

CMS PAS FSQ-16-008
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Results: UE in DY @ 13 TeV (IV)Results: UE in DY @ 13 TeV (IV)
 Transverse activity at different energies

average particle density average energy density 

 To understand the
energy evolution of the
UE activity with centre-
o f - m a s s e n e r g y ,
compared with results
obtained at 1.96 TeV
and 7 TeV by Tevatron
and LHC experiments.

 UE activity increases
by 60 – 80% from 1.96
to 7 TeV

Models predict lower
increase particularly at
low p

T

CMS PAS FSQ-16-008
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Results: UE in DY @ 13 TeV (V)Results: UE in DY @ 13 TeV (V)
 MPI activity at different energies

particle density ΣpT density 

 Very small contribution from radiation in with and without MPI 

 Requirement on dimuon p
T
 < 5 GeV/c ---> increases very slowly with √s. 

 Logarithmic increase in UE activity with √s

– qualitatively well reproduced  by POWHEG.

CMS PAS FSQ-16-008
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 A wide range of minimum bias and underlying event measurements have been performed with

     CMS Run 2 data

 Minimum bias and underlying event measurements  (ISR, FSR and MPI))

– are important probes for understanding of hadron production dynamics with more

precision

–  have sensitivity to parton densities at low-x and low scale 

 Results are important inputs for further optimization of phenomenological models for particle
production at low p

T
 

Summary Summary 
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THANK YOU FOR YOUR ATTENTION!
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