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IntroductionIntroduction
In hard processes the hadronic final states of hadron-hadron interactions can be described as the 
superposition of several contributions:

→ products of the partonic hard scattering (including initial and final state radiation);
→ hadrons produced in additional multiple parton interactions (MPI);
→ “beam-beam remnants” (BBR) resulting from the hadronization of the partonic constituents 
    that did not participate in other scatters.

MPI and  BBR form the “underlying event” (UE), which cannot be uniquely separated from initial 
and  final state radiation.

● UE dynamics is not fully understood (e.g. centre-of-mass energy dependence);
● A good description of UE properties is crucial for precision measurements of Standard Model 

processes and the search for new physics at the CERN Large Hadron Collider (LHC)
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MethodologyMethodology
● Same approach as CDF studies: 

Phys. Rev. D65 (2002) 092002  , Phys. Rev. D70 (2004) 072002

● An energy scale in the event is determined by the “leading” 
(highest in p

T
) object:

→ Leading track-jet (clustering tracks, SIScone algorithm)
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Lead. obj.
 direction

● The leading object is expected to reflect the direction of the partons 
produced in hard interaction;

● 3 topological regions are determined from the azimuthal difference 
w.r.t. the leading object :
→ toward (                  ): dominated by the hard parton-parton

       scattering and radiation
→ away (                    ): as above
→ transverse (                              ): suited for UE studies !

transverse section of the 
silicon tracker sub-detector

● Observables built from charged tracks:

d2 N chg /d d 

d2
 pT /d d 

: charged multiplicity density

: p
T
 sum density

[CMS PAS QCD-10-001,
published on EPJC]

[CMS PAS QCD-10-010]

toward

away transverse

Topological regions description:
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Experimental overviewExperimental overview

96.3% efficiency 
for MIPs and time 
resolution of 3ns

[CMS PAS TRK-10-001,
sub. for publ.]

(175m from IP)

Data Aquisition:
●900GeV, 2009 data
●7TeV, up to May 2010
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Event and track selection Event and track selection 
(tables reported for 900GeV data)(tables reported for 900GeV data)
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MC descriptionMC description
● We present 7TeV and 900GeV reconstructed data in comparison with different MC predictions 

after full detector simulation;
● Tunes of the PYTHIA generator (version 6.420): D6T, DW, Perugia-0 (P0), CW
● Pythia 8 (different model! only one tune along the lines of P0): version 8.135

PYTHIA regularization of the formal divergence 
of the leading order partonic scattering 
amplitude as the final state parton transverse 
momentum p

T
 approaches 0:

1/ pT
41/ pT

2 pT 0

22

pT s= pT 0
 s0⋅s /s0

 energy dependence

Reference value: e.g. at CDF 

 s0=1.8TeV , pT 0
=2.0GeV /c

● Same 
parameter 
regularize 
both MPI and 
hard 
scattering: 
more MPI 
activity is 
predicted for 
smaller values 
of p

T

0 

Tune p
T

0(1.8TeV) details

D6T 1.8 GeV/c 0.16
Consider ATLAS and LHCb studies on 
multiplicity at SPS;
CTEQ6LL Parton distributions

DW 1.9 GeV/c 0.25 Consider 630GeV & 1.8TeV CDF resultsCTEQ5L 
parton distributions

P0 2 GeV/c 0.26
As above + New PYTHIA MPI model;
PT ordered showers;

CW 1.8 GeV/c 0.3

Ad hoc for 900GeV CMS data, maximizing MPI 
but still compatible with Tevatron; 
default PYTHIA color reconnection;
Parton distributions CTEQ5L



Regularization: can be 
interpreted as inverse of 
effective color screening length
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Densities in the transverse regionDensities in the transverse region
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● PYTHIA-8 more successful than the other tunes at the lowest pT values.
● In the higher pT region (for pT>~8GeV/c), the flattening of the distributions is described by 

D6T, CW and DW;
● the increase of activity with increasing leading track-jet p T observed for P0 and for

PYTHIA-8 is significantly too large, with P0 predictions being systematically below the data.

Densities in the transverse regionDensities in the transverse region

Comparison with more tunes, at 7TeV:

7 TeV
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Comparisons between 7TeV and 900GeVComparisons between 7TeV and 900GeV
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NN
chgchg

,    p,    p
TT
,  p,  p

TT
 in the transverse region in the transverse region Minimal scale 

threshold

0.9 TeV

→ CW and DW tunes bracketing data over most of the experimental range;
→ note the nearly flat pT ratio for P0 tune;
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NN
chgchg

,    p,    p
TT
,  p,  p

TT
 in the transverse region in the transverse region

distributions extending up to quite large values of the selected observables: 
quite well described overall by the various MC models, over several orders of magnitude.

remarkable similarity for pT spectra between all models and excellent agreement with the data 
(exception of D6T below 4 GeV/c): in particular by tune P0, whereas this model strongly 
underestimates the tail of the multiplicity and ∑p

T
 distributions.

Minimal scale 
threshold

7 TeV
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Recent developments: Z1 tuneRecent developments: Z1 tune

●new CMS PYTHIA 6.4 
tune using the 
new p

T
-ordered parton 

showers 
and the new MPI;
●pdfs CTEQ5L ; 
●PARP(82) = 1.932 (MPI 
Cut-off) ; 
●PARP(90) = 0.275 (MPI 
Energy Extrapolation)

Pretty good job 
of fitting data at 900GeV 
and 7TeV
... BUT:
Slightly overestimating 
CDF 1.96TeV data
[backup slides]



28th june 2010 Underlying Event at 900geV 13

Systematics uncertainties
● Detailed treatment of various sources of systematics:

→→ Track selection: evaluated by applying various sets of cuts and comparing their 
effects onto data and simulated events;
→→ Contribution from a mis-aligned scenario;
→→ Effects for a different tracker material budget description;
→→ Background contamination: it has been accounted for the underestimation in MC 
simulation for  K0

S
 and Λ0 production as well as photon conversions;

→→ Trigger-related systematic uncertainty verified by means of alternative 
trigger set up (from Hadronic Forward subdetector)

→→ Effects of run-by-run change in inactive tracker channels
→→ Effects of different beamspot position simulation

●  Different contributions summarized for all the distributions of the analysis in reference points
(table for 7TeV, relative uncertainties):
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Jet Area/median methodJet Area/median method

(median being less sensitiv to outliers)

[CMS PAS QCD-10-005]
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Jet Area/median: 900GeV resultsJet Area/median: 900GeV results

Tune independence of jet area description

Systematics bandSystematics band
Syst.+Stat bandSyst.+Stat band
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Jet Area/median: 900GeV systematicsJet Area/median: 900GeV systematics
● Very similar treatment as for UE classical approach already shown:

(Quoted at rho'~1.2, 
maximal effects)
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Conclusions and Conclusions and 'coming soon''coming soon'

→ Studied the production of charged particles with pT>0.5GeV/c and |η | < 2 at the LHC, in pp collisions at 
sqrt(s)=7TeV and 900GeV, in the presence of a hard scale (transverse momentum of the leading track-jet, 
up to 50 GeV/c for 7TeV). Particular attention devoted to the 'transverse region', most appropriate for the 
study of the underlying event.

→ Observed strong growth of the UE activity with increasing leading track-jet pT followed above 
~8GeV/c (4GeV) for 7TeV (900GeV) by a saturation region with nearly constant multiplicity and 
small ∑p

T
 increase.

→ Strong growth of the hadronic activity in the transverse region also observed, for the same value of 
the leading track-jet pT, with increasing centre-of-mass energy, by comparing data taken by the CMS 
detector at sqrt(s) = 0.9 and 7 TeV

→ Predictions of several tunes of the PYTHIA program version 6 and of the new version 8, after full 
detector simulation, have been compared to the data. Simulations describe the gross features of the 
data but they often fail in details, except for the strongly falling pT distribution. In particular, no PYTHIA-
6 model is able to reproduce at 7TeV the fast rise of UE activity with increasing leading track-jet pT , 
while the plateau-like saturation region is reproduced with variable success, both in shape and in 
normalization.
A relatively strong dependence of p

T0
 , as in tune DW (with eps= 0.25), compared to a lower value as in 

tune D6T ( eps= 0.16), is preferred.

→ First application on 900GeV data of Jet Area/median approach: sensitiveness  to UE description

→ To be soon presented: results fully unfolded (by Bayesian approach) for reconstruction effects, 
reaching higher event scales for both data collected at 0.9 and 7TeV due to large increase in statistics.
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additionals
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Jet Area/median methodJet Area/median method
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Jet Area/median methodJet Area/median method
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Jet Area/median methodJet Area/median method
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