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The analysis of 
the UE focuses 
on the study of 

charged particles 
production in 

three topological 
regions

• Toward and away: 
dominated by the 
hard scattering 

• Transverse:  
sensitive to the UE 

⟹

The particles that are not produced by the main 
hard scattering constitute the UE, dominated by 

the multiple-parton interactions (MPIs)

Underlying event (UE)



3

Current status and prediction

UE activity presents an 
energy dependence

Underlying-event properties in pp and p–Pb collisions at
→

sNN = 5.02 TeV ALICE Collaboration
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Figure 7: Upper: average transverse momentum as a function of ptrig
T in the toward (left) and away (right) regions

measured in pp and p–Pb collisions at
→

sNN = 5.02 TeV. Results for data and comparison with models PYTHIA 8
(green) and EPOS LHC (red) predictions are shown. Bottom: average transverse momentum measured in pp
collisions divided by that measured in p–Pb collisions. A similar ratio is shown for model predictions.
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Figure 8: Left: charged-particle number density in the transverse region as a function of ptrig
T for pp collisions

at
→

s = 0.9, 5.02, 7, and 13 TeV [11, 14]. A constant function (solid lines) is used to fit the data in the range
5 < ptrig

T < 10 GeV/c. Right: number densities scaled by the plateau values obtained from the fit to compare
the shapes. The coloured boxes represent the systematic uncertainties, and vertical error bars indicate statistical
uncertainties.

to: B(!!) = B0

(
1+ 2V2 cos(2!!)

)
, where V2 ↑ vtrig

2 vassoc
2 is approximately given by the product of

anisotropic flow coefficients for trigger and associated particles at their respective momenta [47]. From
Pb–Pb results we expect the effect to be the largest at intermediate transverse momenta and to decrease
for high transverse momentum particles [50].

Finally, the average transverse momentum ↓pT↔ of particles in the toward and away regions after sub-
tracting the UE contribution estimated from the transverse region is shown in Fig. 7 as a function of ptrig

T
for pp and p–Pb collisions at

→
sNN = 5.02 TeV. Within uncertainties, the ↓pT↔ values are consistent in

pp and p–Pb collisions in the measured ptrig
T interval. The PYTHIA 8 tunes considered in this paper do
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Plateau value for pp at  TeV 
is expected to be slightly above (~1.2)

s = 13.6Underlying-event properties in pp and p–Pb collisions at
→

sNN = 5.02 TeV ALICE Collaboration

210 310 410
 (GeV)s

0

0.5

1

1.5

2

2.5

(-1
)

 (r
ad

)
〉
ϕdη

/d
ch

N2 d〈
Tr

an
sv

er
se

 

 < 1η cSTAR, Full Jet 20-25  GeV/
 < 0.8η cCDF, Track 5-6 GeV/

 < 1η cCDF, Charged Jet 19-20 GeV/
 < 2η cCMS, Charged Jet 17-22 GeV/

 < 2η cATLAS, Track 5-5.5 GeV/
 < 2.5η cATLAS, Full Jet 20-30  GeV/

 < 0.8η cALICE, Track 5-6 GeV/
PRD 104 (2021) 076019

Figure 9: Centre-of-mass energy dependence of the high ptrig
T plateau value of the charged-particle number density

in the transverse region. The ATLAS [53–55], CDF [2, 56], CMS [57] and STAR [3] data points were taken from
the compilation reported by the STAR collaboration [3]. Error bars represent statistical and systematic uncertainties
summed in quadrature. The data are compared with a parametrisation of the form s0.27 +0.14log(s) [58].

5 Conclusions

In this paper, the measurements of underlying-event observables performed in pp and p–Pb collisions
at a centre-of-mass energy per nucleon–nucleon collisions of 5.02 TeV were reported. The analysis was
carried out following the strategy introduced by the CDF collaboration consisting of the definition of
three azimuthal regions relative to the highest transverse momentum particle in the collision (ptrig

T ). The
charged-particle production is measured within the pseudorapidity interval |! |< 0.8; and it is quantified
with the number and summed-pT densities considering particles above a given pT threshold. Three pT
thresholds are considered: 0.15, 0.5, and 1 GeV/c. These quantities are reported as a function of ptrig

T ,
and for the toward, away, and transverse azimuthal regions. The transverse region is the most sensitive
to the underlying event; while the toward and away regions include both the underlying-event and jet
fragments from the main partonic scattering. For the isolation of the jet-like signal, the event activity in
the transverse region is subtracted from those measured in the toward and away regions. Results for pp
collisions are compared with data at other centre-of-mass energies and with MC predictions. In addition,
the event activities measured in pp and p–Pb collisions are compared with each other at the same ptrig

T
value. The main conclusions of the present work are listed below.

– The underlying-event observables in pp collisions follow the same behaviour as observed at lower
centre-of-mass energies. In the transverse region the charged-particle densities measured in the
three azimuthal regions exhibit a fast rise for ptrig

T < 5 GeV/c followed by a flattening at higher
ptrig

T (plateau). Data for the three azimuthal regions relative to the leading particle are reproduced
by the PYTHIA 8 event generator with the Monash tune. EPOS LHC predicts a slightly different
behaviour in particular at ptrig

T around 3 GeV/c where a bump structure is present in the three
azimuthal regions which is not observed in the data.

– The underlying-event observables in p–Pb collisions qualitatively behave like in pp interactions.
The particle densities in the transverse region exhibit a saturation at ptrig

T ↑ 5 GeV/c. PYTHIA 8/An-
gantyr qualitatively reproduces this saturation but underestimates the particle densities. The EPOS
LHC model does not describe the saturation and underestimates the event activity within the mea-
sured ptrig

T interval. For the toward and away regions, above the onset of the plateau, data exhibit
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UE activity presents an 
energy dependence

Underlying-event properties in pp and p–Pb collisions at
→

sNN = 5.02 TeV ALICE Collaboration
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Figure 7: Upper: average transverse momentum as a function of ptrig
T in the toward (left) and away (right) regions

measured in pp and p–Pb collisions at
→

sNN = 5.02 TeV. Results for data and comparison with models PYTHIA 8
(green) and EPOS LHC (red) predictions are shown. Bottom: average transverse momentum measured in pp
collisions divided by that measured in p–Pb collisions. A similar ratio is shown for model predictions.
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Figure 8: Left: charged-particle number density in the transverse region as a function of ptrig
T for pp collisions

at
→

s = 0.9, 5.02, 7, and 13 TeV [11, 14]. A constant function (solid lines) is used to fit the data in the range
5 < ptrig

T < 10 GeV/c. Right: number densities scaled by the plateau values obtained from the fit to compare
the shapes. The coloured boxes represent the systematic uncertainties, and vertical error bars indicate statistical
uncertainties.

to: B(!!) = B0

(
1+ 2V2 cos(2!!)

)
, where V2 ↑ vtrig

2 vassoc
2 is approximately given by the product of

anisotropic flow coefficients for trigger and associated particles at their respective momenta [47]. From
Pb–Pb results we expect the effect to be the largest at intermediate transverse momenta and to decrease
for high transverse momentum particles [50].

Finally, the average transverse momentum ↓pT↔ of particles in the toward and away regions after sub-
tracting the UE contribution estimated from the transverse region is shown in Fig. 7 as a function of ptrig

T
for pp and p–Pb collisions at

→
sNN = 5.02 TeV. Within uncertainties, the ↓pT↔ values are consistent in

pp and p–Pb collisions in the measured ptrig
T interval. The PYTHIA 8 tunes considered in this paper do

14

ALICE, JHEP 06 (2023) 023

Current status and prediction

https://arxiv.org/pdf/2204.10389
https://arxiv.org/pdf/2204.10389


5

Dataset and event selection
Our analysis task is already implemented in O2: /PWGMM/UE/Tasks/uecharged.cxx

Additionally we considered kIsGoodZvtxFT0vsPV 
and kNoSameBunchPileup

LHC24b1b (MC)  

General purpose anchored to this period

sel8 = kIsTriggerTVX  
   & kNoTimeFrameBorder  

       & kNoITSROFrameBorder

• Standard event selection

• Dataset: LHC22o (apass6) 

https://github.com/njacazio/O2Physics/blob/5a87bdb9f89a0ff6fe198520a02da7a5cc604eaf/PWGMM/UE/Tasks/uecharged.cxx#L64
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Our analysis task is already implemented in O2: /PWGMM/UE/Tasks/uecharged.cxx

Additionally we considered kIsGoodZvtxFT0vsPV 
and kNoSameBunchPileup

LHC24b1b (MC)  

General purpose anchored to this period

sel8 = kIsTriggerTVX  
   & kNoTimeFrameBorder  

       & kNoITSROFrameBorder

• Standard event selection 

• Dataset: LHC22o (apass6) 

selectedTracks.SetPtRange(0.1f, 1e10f); 
selectedTracks.SetEtaRange(-0.8f, 0.8f); 
selectedTracks.SetRequireITSRefit(true); 
selectedTracks.SetRequireTPCRefit(true); 
selectedTracks.SetMinNCrossedRowsTPC(70); 
selectedTracks.SetMinNCrossedRowsOverFindableClustersTPC(0.4f); 
selectedTracks.SetMaxChi2PerClusterTPC(4.f); 
selectedTracks.SetRequireHitsInITSLayers(1, {0, 1}); 
selectedTracks.SetMaxChi2PerClusterITS(36.f); 
selectedTracks.SetMaxDcaXYPtDep([](float pt){ return 0.0105f + 0.0350f / pow(pt, 1.1f); }

• Standard track selection

• The value for 
SetMinNCrossedRowsOverFindableClustersTPC 
needs to be updated

Dataset and event selection

https://github.com/njacazio/O2Physics/blob/5a87bdb9f89a0ff6fe198520a02da7a5cc604eaf/PWGMM/UE/Tasks/uecharged.cxx#L64
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Analysis strategy (transverse region)

highest-transverse-

momentum track  (ptrig
T )

rest of the tracks  (passoc
T )
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Analysis strategy (transverse region)

highest-transverse-

momentum track  (ptrig
T )

rest of the tracks  (passoc
T )
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• The average particle density is calculated 
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Analysis strategy (transverse region)

highest-transverse-

momentum track  (ptrig
T )

rest of the tracks  (passoc
T )
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Corrections
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Fig. Correction for misidentification of leading particle

Among the implemented corrections we 
have the misidentification of the leading 

particle

Detector 
with finite 

acceptance

True 
leadingFalse 

leading

This could lead to a rotation of the 
event topology and cause a bias in 

the UE observables
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MC closure test A (1 GeV/c)
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pT~1 GeV/c: MC non closure ~6%

pT>20 GeV/c: non closure ~3% 
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MC closure test • MC rec: values w detector effects 
MC true: values w/o detector effects 

• Corrected: MC rec fully corrected
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Comparison between Run 2 and Run 3

Current results indicate a compatibility between Run 2 and Run 3
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MC closure test (LHC24f3b apass7) 

Transverse region Away region Toward region

Improved MC 
non-closure: 4%
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MC closure test (LHC24f3b apass7) 

Transverse region Away region Toward region

Improved MC 
non-closure: 4% GeV/cpthreshold

T ≥ 0.50
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MC closure test (LHC24f3b apass7) 

Transverse region Away region Toward region

Improved MC 
non-closure: 4% GeV/cpthreshold

T ≥ 0.15



Nos 06 & 07 – 8 & 1& February 2012

www.cern.ch/bulletin

 CERN Bulletin 
Nos 06 & 07 – 8 & 1& February 2012

In
 th

is 
iss

ue  
News
New CMS management: catching the  
Higgs (or non-Higgs)   !
Putting science on the agenda   !
LHC Report: Restart preparations continue   3
Swimming against the tide: explaining the Higgs   4
All aboard!   5
Studying antimatter with laser precision   6
Authors or signatories?   6
The Metaphoros metamorphosis   7
Growing expertise in Africa:  
CERN-UNESCO’s 3rd Digital Library School   8
Book Presentation:  
“L’Energia del vuoto” by Bruno Arpaia   8
“I can’t wait to (nd out what Nature has  
in store for us”   )
Collide@CERN: sharing inspiration   )
CERN exhibition wins yet another design prize   !0
How neutrons and neutrinos translate  
into crotchets and quavers   !!
Is your Android running a temperature?   !!
Model UN comes to CERN   !2
A place in the sun for EXPLORER   !2
Evacuation drill at CMS   !3
Milla Baldo Ceolin !)24-20!!   !4

O!cial news   15
Take note   17
Language training   17
Safety Training Course   17
Technical training   18
Seminars   19

(Continued on page )

The job of CERN Director-General 
comes with a lot of responsibility, 

and that’s particularly true today. 
We’re living through a period of 
unique circumstances for science. 
Positive indicators, such as a renewal 
of interest in physical sciences at the 
University level and unprecedented 
public interest in the LHC, are align-
ing with storm clouds in the form of 
a prolonged economic crisis that will 
put downward pressure on every-
one’s budgets.

Putting science on the agenda
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Wi th around 
4,300 active 
m e m b e r s 

representing every 
continent and the 
task of uncovering 
some of the deep-
est mysteries of the 
Universe,  CMS is 
constantly under the 
spotlight. The pres-
sure is on to ensure the high performance 
of the detector while providing solutions for 
extremely accurate but quick data analysis. 
“The LHC machine is setting the pace for 
CMS,” explains Joseph Incandela from UC 
Santa Barbara/CERN, the new CMS spokes-
person. “The 2012 run will most probably go 
to a higher energy and intensity. The detec-
tor will face tougher pile-up conditions, 
and our teams have been working hard to 
ensure that everything works as expected 

when the LHC resumes operation a few 
weeks from now.”

Going to higher luminosity is a big techni-
cal challenge for the experiment but it’s 
not worried concern that we observe in 
Incandela’s look. Rather, he looks “happily 
challenged” and content to be leading 
what he calls “a fantastic collaboration” 
at this historic moment in time. “In 2012 
we will focus on solving the Higgs “to-be 
or not-to-be” dilemma,” says Joao Varela 
from LIP Portugal, one of the two new CMS 

CMS, one of the two gigantic international collaborations 
running experiments at the LHC, has recently appointed its new 
management. The new spokesperson and his two deputies are 
well aware of the pressure associated with holding such high 
positions during such a historic time for particle physics. Although 
their focus is on the Higgs, they anticipate that other areas of 
CMS’ multi-purpose research programme might become equally 
as intriguing this year.

New CMS management:  
catching the  

Higgs (or non-Higgs)

(Continued on page )

Summary
• A first look of the Run 3 data was presented 

• MC non-closure ~4% to be understood: possible conflict coming from 
event selection criteria is being investigated

• Comparison between Run 2 and Run 3 data exhibits an unexpected 
behavior, but we expect an improvement with current LHC22o - 
apass7  

• The impact due to the different interaction rates will also be 
studied 

• A publication of this analysis is our main goal since it represents 
crucial tool to test and constrain our phenomenological models


