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UE is a model feature required 
to describe data.  It is not a 

well defined observable!
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UE is a model feature required 
to describe data.  It is not a 

well defined observable!

Underlying event is often modelled as 
multiple scatterings between partons 
within the proton

ATLAS have investigated and 
measured the contribution MPI 

makes in W+di-jet events

See the separate talk by 
Tim Martin
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http://inspirehep.net/record/1125575

Select all well reconstructed charged 
tracks with pT > 500 MeV and |η| < 2.5

Run the anti-kT jet algorithm on those 
tracks.  Accept jets with pT > 4GeV 

and |η| < 1.5

Leading such jet defines 
the toward direction

Count the number of tracks, determine the 
sum of track pTs and  mean track pT in each 

different azimuthal region.

Final distributions are unfolded to particle-level to remove all detector 
effects and compared to a variety of Monte Carlo models

http://inspirehep.net/record/1125575
http://inspirehep.net/record/1125575
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Preliminary ATLAS measurement

Construct R=0.4 anti-kT jets from 
calorimeter clusters.  Accept all jets with 

pT > 20 GeV and |η|<2.8

Leading such jet defines the towards 
direction

Final distributions are unfolded to particle-level to remove all detector 
effects and compared to a variety of Monte Carlo models

Underlying event in jet events
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-164/

Also define exclusive 
sample, which has exactly two such jets

Count tracks as before, and also ΣET from 
calo-clusters.  Clusters allow forward activity 
to be probed

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-164/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-164/
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Exclusivity requirement 
vetoes third jet, reducing 
UE activity (especially at 

high lead jet pT)

Av. number of charged 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-164/
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Exclusivity requirement 
vetoes third jet, reducing 
UE activity (especially at 

high lead jet pT)

Av. sum of transverse 
particle ET in |η|<2.5

2010 Data

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-164/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-164/
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Exclusivity requirement 
vetoes third jet, reducing 
UE activity (especially at 

high lead jet pT)

Including particles inside 
|η| < 4.8 does not make 
much difference to the 
exclusive distribution

Implies the high-pT UE 
activity is a third jet

2010 Data

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-164/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-164/
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http://inspirehep.net/record/1183818

SumET4

0 10 20 30 40 50 60

]-1
 [G

eV
T

E
!d

ev
t

Nd
"

ev
t

N1

-310

-210

-110
ATLAS  = 7 TeVs Data

Py6 AMBT1
Py6 AUET2B:CTEQ6L1
Py6 DW
Py8 4C
H++ UE7-2
EPOS LHC

| < 1.6#0.8 < |

| < 2.5)ch# > 250 MeV, |ch
T
p 2 ($ chN

 > 500(200) MeVch(neutral)p

 [GeV]TE !
0 10 20 30 40 50 60

   
Da

ta
M

C

0.5
1

1.5
2

Take events triggered by minimum bias 
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bins.  See right (corrected to particle level)

Calculate the average ΣET in a given |η| bin 
and plot Vs. |η|.

Two event samples: the “minimum bias” sample, which has at least 2 charged 
particles with pT > 250 MeV and |η| < 2.5   

the di-jet sample, which has at least 2 anti-kT R=0.4 jets 
with pT > 20 GeV and |η| < 2.5

Final distributions are unfolded to particle-level to remove all detector 
effects and compared to a variety of Monte Carlo models

http://inspirehep.net/record/1183818
http://inspirehep.net/record/1183818
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AMBT1 and AUET2B)
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important for the pile-up 
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Gives a measure of 
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events
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Background to VBF
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It was crucial to re-tune Pythia 8 to get an 
excellent description of the first two |η| 

bins

http://inspirehep.net/record/1183818
http://inspirehep.net/record/1183818


Charged Particle Event Shapes



Charged particle event shapes
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Take events triggered by minimum bias (MBTS) trigger and passing single 
good vertex requirement

Take all charged particles with pT > 500 MeV and
 |η| < 2.5.  There must be at least six for an event to be selected.

Final distributions are unfolded to particle-level to remove all detector 
effects and compared to a variety of Monte Carlo models
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Thrust minor:

m̂ = n̂× ẑ

Measures emissions 
out of plane of 
thrust and beam

Sαβ =
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i pα
i pβ
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Sphericity:

S =
3
2

(λ2 + λ3)

Balanced di-jet has 
S=0.  Isotropic 

emission has S=1
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Charged particle event shapes
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Charged particle event shapes
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Charged particle event shapes
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Measures emissions 
out of plane of 
thrust and beam

Require lead 
charged particle 
pT > 5 GeV

http://inspirehep.net/record/1124167
http://inspirehep.net/record/1124167


37

chS
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

M
C

/D
at

a

0.5
1

1.5
2

2.5

0 0 1 0 2 0 3 0 4 0 0 6 0 0 8 0 9 1

ch
dS

ev
dN  

evN1

0.5

1

1.5

2

2.5

3

3.5

 > 0.5 GeVlead
T

p

ATLAS = 7 TeV          s
| < 2.5 6 and | ch > 0.5 GeV, N

T
p

Data 2010
PYTHIA 6 AMBT2B
PYTHIA 6 DW
PYTHIA 6 Z1
PYTHIA 8 A2
Herwig++ UE7-2

http://inspirehep.net/record/1124167

Charged particle event shapes
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Charged particle event shapes
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Summary
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๏ Underlying Event has been measured under a wide range of 
conditions (charged particles, neutral particles, different jet 
radii, exclusive, forward…)

๏ Transverse energy flow has been measured for minimum bias 
and higher pT conditions.  Crucial for a good MC pile-up 
description

๏ A range of event shapes have been measured for different 
lead particle pT

๏ All distributions are unfolded and directly comparable to 
particle-level generator Monte Carlos


