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Introduction
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The ALICE Collaboration
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39 countries, 175 institutes, 1941 members

Ruben Alfaro, Eleazar Cuautle, Varlen 
Grabski, Arturo Menchaca, Lukas 
Nellen, Antonio Ortiz, Guy Paic

ALICE (A Large Ion Collider Experiment) is a major experiment at the Large 
Hadron Collider (LHC), which is optimized for the study of QCD matter created 

in high-energy collisions between lead nuclei 
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The ALICE detector (Run 2)
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Central barrel 

Tracking, PID, calorimetry, 


mid-pseudorapidity multiplicity 
estimator (TPC+ITS)

|η | < 0.9

Muon spectrometer −4 < η < − 2.5Forward detectors, VZERO: event 
activity estimator
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Small systems

5

Striking similarities between numerous 
observables have been observed across 
different collision systems at both RHIC 
and LHC energies, when compared at 
similar multiplicity
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Small systems

6

Striking similarities between numerous 
observables have been observed across 
different collision systems at both RHIC 
and LHC energies, when compared at 
similar multiplicity
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Small systems
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Striking similarities between numerous 
observables have been observed across 
different collision systems at both RHIC 
and LHC energies, when compared at 
similar multiplicity
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Small systems

8

Striking similarities between numerous 
observables have been observed across 
different collision systems at both RHIC 
and LHC energies, when compared at 
similar multiplicity
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Jet quenching 

Focus of this talk

Strangeness enhancement as 
well as v3 and v4 (unlike v2) show 
a continuous evolution across 

collision systems: 
pp<->p-Pb<->Pb-Pb
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Jet quenching in A-A collisions
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From L. Apolinário [2020 RHIC/AGS Jet Workshop]

Jet shower in the medium, superposition of: 

vacuum shower
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Jet quenching in A-A collisions

10

From L. Apolinário [2020 RHIC/AGS Jet Workshop]

Jet shower in the medium, superposition of: 

medium-induced gluon emission

These processes happen simultaneously and interfere
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Jet quenching in A-A collisions
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From L. Apolinário [2020 RHIC/AGS Jet Workshop]

Jet shower in the medium, superposition of: 

medium-induced gluon emission

These processes happen simultaneously and interfere

Suppression of jet-like yield 
of the away side of the di-
hadrons correlations (A-A 

relative to MB pp)

I A
A

1

0.5

ALICE, PRL 108 (2012) 092301
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Jet quenching in A-A collisions
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From L. Apolinário [2020 RHIC/AGS Jet Workshop]

Jet shower in the medium, superposition of: 

medium-induced gluon emission

Suppression of the high pT 
hadron yield in A-A relative 

to MB pp

ALICE, PRL 110 (2013) 082302
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Jet quenching in A-A collisions
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From L. Apolinário [2020 RHIC/AGS Jet Workshop]

Jet shower in the medium, superposition of: 

medium-induced gluon emission

The effect (suppression = parton energy loss) is not 
seen in p-Pb collisions  more studies are needed→

Suppression of the high pT 
hadron yield in A-A relative 

to MB pp

Observed consequences, e.g. 2 
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Motivation from 
spherXcity studies in pp 

collisions
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First ALICE results on pp vs multiplicity
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2nd ALICE publication

18th ALICE publication

2n paper on characterisation of high multiplicity pp collisions

Jet-like limit

Isotropic limit

MC

Data

“Further insight and puzzles on large-Nch events… Events are generically 
more spherical, less jetty, than MC. Most of the discrepancy comes however 
from hard events, not soft ones… probe final state consistent with those of 
extreme Nch (>100) measured by ATLAS/CMS in a larger rapidity volume.” 
M. Mangano @ LHC Physics: present and future (2012)
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Transverse spherocity in ALICE

16

First time transverse 
spherocity (S0) was 

presented to the community 
as a tool to select special 

pp collisions [link]

S0 = min π2

4 (
∑i | ⃗p T,i × n̂ |

∑i pT.i )
2

Transverse Spherocity

3

4

M
ul
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ity

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

S0 is better than ST for the isolation of the most “central” pp 
collisions. Clean back-to-back jet structures can also be 

discriminated

https://indico.nucleares.unam.mx/event/699/session/0/contribution/2/material/slides/0.pdf
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6 years later…



Antonio Ortiz (23/02/2021)                     Seminario de Física de Altas Energías (IF-ICN, UNAM)

First scientific publication
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ALICE, EPJC 79, 857 (2019)

PYTHIA predict a different behavior for high multiplicity jetty-like events: a third rise of 
 at . This is a surprise because we know that PYTHIA describes 

better hard physics than EPOS, e.g. ALICE, PRD 99 (2019) no.1, 012016 and PLB 753 
(2016) 319-329 (WHY?)

⟨pT⟩ dNch/dη > 30
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The origin of the effect in Pythia

19

The effect is produced 
by high-pT particles 
[this agrees with the 
picture: low S0->hard 
events] 

Presented at the 11th MPI@LHC Workshop, Perugia 2019
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The effect is produced 
by high-pT particles 
[this agrees with the 
picture: low S0->hard 
events] 
A significant amount of 
the effect is attributed 
to strong correlations 
between the Underlying 
Event (UE) and jets 
produced by Color 
Reconnection (CR)

The origin of the effect in Pythia

CR enhances the particle production from 
intermediate to high-pT. A. Ortiz, L. Valencia, 
PRD 99 (2019) 3, 034027

Presented at the 11th MPI@LHC Workshop, Perugia 2019
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Even w/o CR we still 
observe a small effect 
which is not seen in data:


Can PYTHIA improve 
the description of jetty-
like events with a better 
CR model ? NO


Is this an indication of 
jet quenching effects in 
pp data? which of 
course are not 
incorporated in the 
model

The origin of the effect in Pythia
Presented at the 11th MPI@LHC Workshop, Perugia 2019

To answer these questions: 

(I) Measurement of pT spectra as a function of S0 and Nch [work in 
progress… David Romo, MS thesis]

Unexplored 

Nch interval
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The analysis requires events with at least one high-pT track (e.g. 
pTleading>5 GeV/c). The figure above shows that most of the events 
which satisfy the pTleading cut have low S0!

(II) Isolation of the jet signal

Then, the jet-like signal is studied as a function of the event activity 
(different set of particle to reduce the selection biases) 
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Particle production in the 
jet-like yield as a 

function of pTleading

pp <-> p-Pb
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Underlying-event observables

24

In high-energy pp interactions more than one parton-parton 
scattering can occur within the same collision (MPI), see e.g. A. 
Ortiz et al., PRD 102 (2020) 7,076014,  arXiv:2101.10274 [Isaí 
Sotarriva BS thesis (2019), Erik Zepeda MS thesis]

Figure taken from: https://www-cdf.fnal.gov/physics/new/qcd/ue_escan/
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Underlying-event observables

25

Everything which does not belong the main partonic scattering 
conforms the Underlying Event (UE)

Figure taken from: https://www-cdf.fnal.gov/physics/new/qcd/ue_escan/
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Underlying-event observables
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Leading track

In MC event generators, 
UE has contributions 
from:


beam remnants


initial- and final-state 
radiation (ISR & FSR)


MPI


Experimentally, UE 
properties can be 
extracted from the 
transverse side of the 
azimuthal correlations
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Tradicional analysis using pp data
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Figure from STAR, PRD 101, 052004 (2020)

The number density in the transverse side increases with 
increasing the center-of-mass energy (energy dependence 

of MPI, ISR & FSR). 
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Underlying event analysis in p-Pb

28

Goal: compare the particle production in 
pp and p-Pb collisions (same ) in the 
the jet-like regions of the di-hadron 
correlations (towards and away sides) after 
the subtraction of UE (transverse side)

sNN
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UE vs pTleading (pp collisions @ 5.02 TeV)
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fast increase with increasing 
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The UE activity saturates
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in “central pp collisions” (events with ) 
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Ahsan Mehmood (CCNU-ICN)
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UE vs pTleading (pp vs p-Pb)
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-The transverse side in p-Pb collisions exhibits the same 
behaviour as pp [SAME “UE structure” in both pp and p-Pb?] 

-Models underestimate the “UE activity” 
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Toward region

31

Keep in mind that in the traditional analysis, the toward region 
contains both the jet and UE components

Towards region
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Toward region (pp collisions @ 5.02 TeV)
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The number density as a function of  exhibits a change 
in the slope at 5 GeV/c, the effect can be attributed to UE 

pleading
T

Towards region
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Isolation of the jet-like yield
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Pythia 8.243



Antonio Ortiz (23/02/2021)                     Seminario de Física de Altas Energías (IF-ICN, UNAM)

5 10 15 20 25 30 35

)c (GeV/leading

T
p

0

0.5

1

1.5

2

2.5

3

T
S

−
, 

N
S

φ
Δη

Δ
e
v

N/
c
h

N

 < 0.8                     ALICE Preliminaryη, c0.5 GeV/≥
T

p

 = 5.02 TeVNNsPb, −p  = 5.02 TeVspp, 

PYTHIA 8.244 (Angantyr) PYTHIA 8.244 (Monash)

EPOS LHC EPOS LHC

 < 0.8                     ALICE Preliminaryη, c0.5 GeV/≥
T

p

 = 5.02 TeVNNsPb, −p  = 5.02 TeVspp, 

PYTHIA 8.244 (Angantyr) PYTHIA 8.244 (Monash)

EPOS LHC EPOS LHC

5 10 15 20 25 30 35 40

)c (GeV/leading

T
p

0.2

0.4

0.6

0.8

1

1.2

1.4

P
b

−
p

p
/p

ALI−PREL−366683

Toward - Transverse region

34

EPOS LHC fails for jet-like observables. “Too few jets in EPOS 
LHC” [Klaus Werner]

NEW Isolation of the particle 
production in the jet-like 
region:


Number density is system 
size independent for 

 
[fragmentation is not 
modified]


Number density smaller 
higher in p-Pb than in pp 
for  
[flow effects]

pleading
T > 8 GeV/c

pleading
T < 8 GeV/c

Ahsan Mehmood (CCNU-ICN)
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Particle production in the 
jet-like yield as a function 

of the event activity
pp <-> p-Pb <-> Pb-Pb
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IAA
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Suppression of jet-like yield 
of the away side of the di-
hadrons correlations (A-A 

relative to MB pp)

I A
A

Observed consequences, e.g. 2 

System size dependence of 
“IAA”:


 We analyse pp, p-Pb and 
Pb-Pb data at the same 



For Pb-Pb we want to 
extend the measurement for 
more centrality classes

Results are plotted as a 
function of the event activity 
which does not directly 
belong the jet (in pp 
collisions: Underlying Event)

sNN
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Analysis strategy
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Event selection

Multiplicity estimator: VZERO detector

pT trigger track: 8-15 GeV/c


Three regions are studied: toward, away 
and transverse


The pT spectra of associated particles are 
extracted for each region. The pT spectra 
are corrected for detector effects

Multiplicity distributions in the transverse 
region are corrected using  a Bayesian 
unfolding

The pT spectra in the transverse side is 
subtracted (ZYAM) from both the near 
and away sides (this gives the jet-like 
signal) Analysis Note: A. Ortiz, S. Tripathy https://

alice-notes.web.cern.ch/node/1092

https://alice-notes.web.cern.ch/node/1092
https://alice-notes.web.cern.ch/node/1092
https://alice-notes.web.cern.ch/node/1092
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IAA vs Nchtrans. (away side)
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Suppression for 
central Pb-Pb 
collisions [Results are 
consistent with ALICE, 
PRL 108 (2012) 
092301] 

Indication of medium 
effects and presence 
of jet-quenching 
effects in Pb-Pb

No jet quenching 
effects are seen for 
small collision systems 
in the measured 
multiplicity ranges
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IAA vs Nchtrans. (away side)
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Indication of medium 
effects and presence 
of jet-quenching 
effects in Pb-Pb

No jet quenching 
effects are seen for 
small collision systems 
in the measured 
multiplicity ranges

This trend is reproduced by 
MC, due to sel. on V0M
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Coming back to our intro.

40

Striking similarities between numerous 
observables have been observed across 
different collision systems at both RHIC 
and LHC energies, when compared at 
similar multiplicity
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Jet quenching 

Focus of this talk

Strangeness enhancement as 
well as v3 and v4 (unlike v2) show 
a continuous evolution across 

collision systems: 
pp<->p-Pb<->Pb-Pb
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A clear picture or more questions?

41
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Within the limited 
multiplicity reach, no jet 
quenching effects are seen 
in small systems
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Very limited multiplicity reach in pp

42

⟨dNch/dη⟩ ≈ 2.7 × ⟨dNch/dη⟩MB
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⟨dNch/dη⟩ ≈ 2.7 × ⟨dNch/dη⟩MB
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First extension of the analysis

43

Wide unexplored interval in pp! 
We can still use the Run 2 data

⟨dNch/dη⟩ ≈ 5 × ⟨dNch/dη⟩MB
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New developments RT

44

RT = NTransv.Side
ch

⟨NTransv.Side
ch ⟩

We can define RT as follows:

T. Martin, P. Skands, S. Farrington, EPJC 76 
(2016) 299

A. Ortiz and L. Valencia, PRD 96 (2017) 114019

In order to extend the analysis 
to higher RT, we can use RT as 
event classifier. However, we 

face one issue…

RT allows the 
selection of events 
as a function of UE

1− 0 1 2 3 4
 (rad)φΔ

0

0.2

0.4

0.6

0.8

1

η
/d

ch
Nd

ev
N

1/

<3.5)TR≤|<0.8, 2.5leadingη, |c<15 GeV/leading
T
p≤ = 5.02 TeV (8spp 

Same
Mixed

The UE subtraction is not trivial

First preliminary results vs RT do not consider the UE 
subtraction!

The ZYAM approach can 
not be used if we consider 
events with large RT
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ALI-PREL-346031

First preliminary pT spectra vs RT

45

Analysis Note: A. Ortiz, S. Tripathy https://alice-
notes.web.cern.ch/node/1031

Finalisation of the analysis: Luz Tiscareño (BS thesis)

https://alice-notes.web.cern.ch/node/1031
https://alice-notes.web.cern.ch/node/1031
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ALI-PREL-346031

First preliminary pT spectra vs RT

46

IAA results are reported up to RT~1.5 (we did not see a significant suppression)

The pT spectra are now measured up to RT~3 which is more or less 

: the near and away side do not exhibit any deviation wrt MC 
(no hint of jet quenching)
dNch/dη ≈ 5 × ⟨dNch/dη⟩MB
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ALICE in Run 3

47

Most of the detectors will 
operate in continuous 
readout mode

interaction rate: Pb-Pb (pp) 
50 kHz (0.5-1 MHz)

Run 3 target luminosity: 

pp: 200 pb-1 (rare events e.g. HM)

pp: 3 pb-1 (MB)

Pb-Pb: 6 nb-1

p-Pb: 0.3 pb-1
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IAA analysis in Run 3

48

Run 3 target luminosity: 

pp: 200 pb-1 (rare events e.g. HM)

pp: 3 pb-1 (MB)

Pb-Pb: 6 nb-1

p-Pb: 0.3 pb-1

Very high multiplicity reach !

With Run 3 data, the jet quenching search in pp can be 
extended up to more than 14 times the MB multiplicity  

1 10 210

0.5

1

1.5pp
,p

-P
b,

Pb
-P

b
I

 = 5.02 TeV (Away Side)NNs
pp (V0M mult. classes)
p-Pb (V0A mult. classes)
Pb-Pb (V0M cent. classes)

Event classes
0-5%
5-10%
10-20%
20-40%
40-60%
60-90%

ALICE
c<15 GeV/leading

T
p8<

|<0.8η, |c<6 GeV/
T
p4<

ch
Transverse SideN〈 〉

Run 3Run 2

Preparation for the analysis of HM 
pp events: Paola Vargas (MS thesis) 
Antonio Paz (PhD thesis)
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SAME MIXED SIGNAL
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Preparation for the analysis

49

We propose to use event mixing in 
order to model the selection bias 
(mixed events). Then, we can 
remove this contribution from the 
same distribution

G. Bencédi, A. Ortiz and S. Tripathy, J. Phys. G: Nucl. Part. Phys. 48 
015007 (2021)

of pp events with very large RT

Run 2
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Summary

50

Underlying event analysis

[paper 1 under preparation] 

The transverse side in p-Pb 
collisions exhibits the same 
behaviour as pp. This 
suggests the SAME “UE 
structure” in both pp and p-
Pb

The jet-like yield in p-Pb and 
pp collisions is the same for 
pTleading > 10 GeV/c. At lower 
pTleading medium effects seem 
to be present [investigation 
with JEWEL] 
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Summary

51

IAA analysis 

[a letter is under preparation] 

In contrast to central Pb-Pb 
collisions, little or no 
suppression of IAA is seen in 
away region in pp and p-Pb 
collisions. Based on these 
results, no jet quenching is 
observed in small systems for 
the measured multiplicity 
ranges 


pp: 

⟨dNch/dη⟩ ≈ 2.7 × ⟨dNch/dη⟩MB
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Summary

52

RT analysis 

[paper 3 under preparation] 

Using the UE tool, one can 
reduce the jet bias. In this 
way the pT spectra in the 
jet-like region can be 
measured up to




We do not observe any 
deviation wrt Pythia 
predictions. Compatible with 
absence of jet quenching in pp

⟨dNch/dη⟩ ≈ 5 × ⟨dNch/dη⟩MB
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Summary
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RT analysis 

[paper 3 under preparation] 

Using the UE tool, one can 
reduce the jet bias. In this 
way the pT spectra in the 
jet-like region can be 
measured up to




We do not observe any 
deviation wrt Pythia 
predictions. Compatible with 
absence of jet quenching in pp

⟨dNch/dη⟩ ≈ 5 × ⟨dNch/dη⟩MB
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Waiting for the Run 3 LHC 
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Thanks !

Photo from our last ALICE-ICN group meeting

Our group is quite active, 
unfortunately I could not cover 

all the results
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Backup
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Di-hadron correlations

57
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Collectivity in small systems

58
e.g. ALICE, PRL 123, 142301 (2019)

Striking similarities between 
numerous observables have 
been observed across different 
collision systems at both RHIC 
and LHC energies, when 
compared at similar multiplicity


Besides hydrodynamic 
description, calculations from 
transport models, hadronic re-
scattering, Multi-Parton 
Interactions (MPI), string rope 
and shoving, as well as initial 
state effects have been 
investigated
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IAA vs Nchtrans. (near side)

59

centralperipheral

20-30% enhancement 
of IAA in central P-PB 
collisions [Results are 
consistent with ALICE, 
PRL 108 (2012) 
092301] 

No significant 
enhancement is seen 
for small collision 
systems in the 
measured multiplicity 
ranges

centralperipheral
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First ALICE results on pp vs multiplicity

60

A. Ortiz (for the ALICE 
Collaboration), proceedings 
of the Physics at the LHC 
Conference 2011
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First ALICE results on pp vs multiplicity

61

A. Ortiz (for the ALICE 
Collaboration), proceedings 
of the Physics at the LHC 
Conference 2011
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Transverse spherocity in ALICE

62

First time transverse 
spherocity (S0) was 

presented to the community 
as a tool to select special 

pp collisions [link]

https://indico.nucleares.unam.mx/event/699/session/0/contribution/2/material/slides/0.pdf
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Transverse spherocity in ALICE

63

First time transverse 
spherocity (S0) was 

presented to the community 
as a tool to select special 

pp collisions [link]

https://indico.nucleares.unam.mx/event/699/session/0/contribution/2/material/slides/0.pdf
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Di-hadron correlations [PYTHIA 8]

64

Apparent modification of the jet-like signal in events which 
includes ISR and FSR [the away side gets broader with 
increasing RT]
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Near Side: Simulations which includes radiation gives a Ipp 
which increases with RT (same feature observed in A-A data)

Away Side: seems to be independent of RT [this observable is 
the best suited for jet quenching searches]
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Small systems

70

Striking similarities between numerous 
observables have been observed across 
different collision systems at both RHIC 
and LHC energies, when compared at 
similar multiplicity
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Jet quenching 

Focus of this talk

Strangeness enhancement as 
well as v3 and v4 (unlike v2) show 
a continuous evolution across 

collision systems: 
pp<->p-Pb<->Pb-Pb

Jet quenching searches in pp: one of the main 
topics for the LHC Run 3 


