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Unveiling the origin of QGP-like effects in 
pp and p-Pb collisions using flattenicity
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Long range angular correlations in 
low- and high-multiplicity (HM) pp 
collisions
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QGP-like effects in small systems

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.172302
https://link.springer.com/article/10.1007/JHEP09(2010)091
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Strangeness enhancement
QGP-like effects in small systems

https://link.springer.com/article/10.1007/JHEP09(2010)091
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.172302
https://www.nature.com/articles/nphys4111
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Jet quenching?

pp nd p-Pb collisions: smll 
effect is driven by  bis (serch 
is ongoing)
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Strangeness enhancement
8 < ptrig

T < 15 GeV/c

QGP-like effects in small systems

More about small systems, Jurgen Schukraft talk, 20/10/24

https://link.springer.com/article/10.1007/JHEP09(2010)091
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.172302
https://linkinghub.elsevier.com/retrieve/pii/S0370269322007833
http://www.apple.com/uk
https://www.nature.com/articles/nphys4111
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Bias due to local mult. fluctuations
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ALI-PUB-559495

The high-V0M multiplicity clss selects pp collisions with 
jets in the forwrd detector ALICE, JHEP 05 (2024) 229 ALICE, Phys. Lett. B 843 (2022) 137649

More about selection biases, Andreas Morsch talk, 21/10/24

https://doi.org/10.1007/JHEP05(2024)229
https://doi.org/10.1007/JHEP05(2024)229
https://www.sciencedirect.com/science/article/pii/S0370269322007833?via=ihub
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Bias due to local mult. fluctuations
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ALI-PUB-559495

The high-V0M multiplicity clss selects pp collisions with 
jets in the forwrd detector ALICE, JHEP 05 (2024) 229 ALICE, Phys. Lett. B 843 (2022) 137649

More about selection biases, Andreas Morsch talk, 21/10/24
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ALICE, Phys. Rev. C 99, 024906 (2019)

High multiplicity V0M events

https://doi.org/10.1007/JHEP05(2024)229
https://doi.org/10.1007/JHEP05(2024)229
https://www.sciencedirect.com/science/article/pii/S0370269322007833?via=ihub
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.99.024906
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Flattenicity
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ρ =
64

∑
i

(N(ch.i) − ⟨N(ch)⟩)2/642 /⟨N(ch)⟩
Event-by-event selection bsed on the reltive stndrd devition 
of the multiplicity mesured in the 64 V0 chnnels, N(ch. i)

A. Ortiz et l., Phys. Rev. D107 (2023) 7, 076012

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.076012
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Flattenicity
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Smll locl N(ch. i) fluctutions in the V0 cceptnce: smll flttenicity vlues 
“isotropic” distribution of prticles in the V0 cceptnce (lrge multiplicities)

ρ =
64

∑
i

(N(ch.i) − ⟨N(ch)⟩)2/642 /⟨N(ch)⟩
Event-by-event selection bsed on the reltive stndrd devition 
of the multiplicity mesured in the 64 V0 chnnels, N(ch. i)

A. Ortiz et l., Phys. Rev. D107 (2023) 7, 076012

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.076012
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Flattenicity
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(N(ch.i) − ⟨N(ch)⟩)2/642 /⟨N(ch)⟩
Event-by-event selection bsed on the reltive stndrd devition 
of the multiplicity mesured in the 64 V0 chnnels, N(ch. i)
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Lrge locl N(ch. i) fluctutions in the V0 cceptnce: lrge flttenicity vlues 
jet structures, smll multiplicity

A. Ortiz et l., Phys. Rev. D107 (2023) 7, 076012

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.076012
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High-pT physics: V0M vs flattenicity
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A. Ortiz et l., Phys. Rev. D102 (2020) 7, 076014

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.076014
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High-pT physics: V0M vs flattenicity
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A. Ortiz et l., Phys. Rev. D102 (2020) 7, 076014

ALICE, 2407.20037

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.076014
https://arxiv.org/abs/2407.20037
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High-pT physics: V0M vs flattenicity
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.076014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.076012
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Qpp as a function of pT
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Intermedite pT:  bump structure is developed with incresing multiplicity
ALI-PUB-577467

ALICE, 2407.20037

ρ → 0

ρ → 1

⟨
dNch

dη
⟩ ≈ 22

⟨
dNch

dη
⟩ ≈ 3

https://arxiv.org/abs/2407.20037
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ALI-PUB-577467

Qpp as a function of pT
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High pT: Qpp seems to pproch to the vicinity of one
Intermedite pT:  bump structure is developed with incresing multiplicity

ALICE, 2407.20037

ρ → 0

ρ → 1

https://arxiv.org/abs/2407.20037
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ALI-PUB-577467

Qpp as a function of pT
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High pT: Qpp seems to pproch to the vicinity of one
Intermedite pT:  bump structure is developed with incresing multiplicity
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The effect is not seen in 
the V0M nlysis!

ALICE, Phys. Rev. C 99, 024906 (2019)

ρ → 0

ρ → 1

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.99.024906
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Qpp: data vs MC models
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ALI-PUB-577477

ALICE, 2407.20037

EPOS LHC does not describe  dt

https://arxiv.org/abs/2407.20037
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Qpp: data vs MC models
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ALI-PUB-577477

ALICE, 2407.20037

EPOS LHC does not describe  dt

ρ → 0

ρ → 1

https://arxiv.org/abs/2407.20037
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Qpp: data vs MC models
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ALI-PUB-577477

ALICE, 2407.20037

PYTHIA w/o CR, flt Qpp

https://arxiv.org/abs/2407.20037
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Qpp: data vs MC models
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ALI-PUB-577477

ALICE, 2407.20037

PYTHIA w CR,  Qpp OK!

https://arxiv.org/abs/2407.20037
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Qpp: data vs MC models
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ALI-PUB-577477

ALICE, 2407.20037

PYTHIA w CR,  Qpp OK!

with jet bias

w/o jet bias

https://arxiv.org/abs/2407.20037


Antonio Ortiz (ICN, UNAM) Workshop on Advances, Innovations, and Prospects in High-Energy Nuclear Physics (Wuhan, 23/10/2024)

Qpp: EPOS 4 (flattenicity)

21

0 2 4 6 8 10
)c (GeV/

T
p

0

1

2

3

pp
Q

- + h+h

ρ0-1% 1-
 = 13 TeVsdata, pp 

 = 13.6 TeV (w Hydro)sEPOS 4, pp 
 = 13.6 TeV (w/o Hydro)sEPOS 4, pp 

Core-Coron: the collision system is 
seprted into  high-density (core), which 
evolves hydrodynmiclly, nd  low-
density (coron), which hdronizes without 
hydro behvior

EPOS 4 from: https://klaus.pages.in2p3.fr/epos4

Primry (multiple prllel sctterings 
hppening instntneously) nd secondry 
interctions (subsequent interctions of the 
string decy products)

Epos 4 with hydro: better description of dt 
thn EPOS LHC. Better sttistics needed

ALICE, 2407.20037

https://klaus.pages.in2p3.fr/epos4/physics/papers
https://arxiv.org/abs/2407.20037
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Qpp: EPOS 4 (charged particles)
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Qpp: EPOS 4 (pions)
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Qpp: EPOS 4 (kaons)
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Qpp: EPOS 4 (protons)
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Qpp: EPOS 4 (protons)
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Particle ratios: EPOS 4
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Particle ratios: EPOS 4
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Low multiplicity pp collisions with fluid behaviour (keep in mind that we have measured a non zero v2 in low multiplicity pp)
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Flattenicity in p-Pb?
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Flattenicity in p-Pb?

30

Flttenicity in p-Pb seems to be  good 
cndidte to clssify the collisions in terms of 
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More studies will come
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Flattenicity vs other estimators

34
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Qpp: EPOS 4 (V0M)
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Particle ratios: EPOS 4 (flattenicity)
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Epos 4 with hydro: dequte description of dt
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MPI
At high energies, the leading 
order cross-section for  
parton scatterings with 
momentum transfer 

 exceeds 
the total pp cross-section at a 
range of -values where 
perturbative QCD is 
applicable (at LHC,  
GeV/c) [T. Sjöstrand and M. 
Zijil Phys. Rev. D36 (1987)]

2 → 2

Q > Qmin ≫ ΛQCD

Qmin

Qmin ≈ 4

38

T. Sjöstrand, 6th MPI @ LHC Workshop 

4



Antonio Ortiz (ICN, UNAM) Workshop on Advances, Innovations, and Prospects in High-Energy Nuclear Physics (Wuhan, 23/10/2024)
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T. Sjöstrand, 6th MPI @ LHC Workshop T. Sjöstrand, 6th MPI @ LHC Workshop Interpretation: Many partonic scatterings per event: (MPI) 
MPI is a logical consequence of 
the composite nature of 
protons

In event 
generators 
like Pythia, an 
impact 
parameter 
dependence 
is considered

T. Sjöstrand, ISAPP 2018
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MPI

Data support the presence of MPI in high energy pp collisions, see e.g. these recent 
studies using ML: A. Ortiz et al., PRD 102 (2020) 7,076014,  J. Phys. G: Nucl. Part. Phys. 
48 (2021) 8, 085014

40

Interpretation: Many partonic scatterings per event: (MPI) 

 MPI help to describe  
particle multiplicities 

 in MB events 

T. Sjöstrand and M. v. 
Zijl, PRD 36 (1987) 2019

Charged particle 
multiplicity is expected to 

be sensitive to MPI

5
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MPI+string interactions

41
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Phys. Rev.D 102 (2020) 7, 076014

Radial flow-like behaviour
Scaling with number of parton-parton 

interactions at high  pT

6

https://arxiv.org/abs/1303.6326
https://arxiv.org/abs/2004.03800


Antonio Ortiz (ICN, UNAM) Workshop on Advances, Innovations, and Prospects in High-Energy Nuclear Physics (Wuhan, 23/10/2024)

High energy heavy-ion collisions

42

ALI-PUB-528781

1
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High-pT physics: V0M vs flattenicity
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Centrality in small systems (p-Pb)

44

In contrst to Pb–Pb collisions, for p–Pb collisions the multiplicity (V0A) fluctutions re sizeble 
compred to the width of the Nprt distribution

Wek correltion between geometry nd event ctivity
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Issues to search for jet quenching

45

ALI-PUB-559495

ALI-PUB-559485 ALICE, rXiv:2309.03788

The HM V0M multiplicity clss selects pp 
collisions with jets in the forwrd detector, 
consequently bising the coplnrity 
distribution mesured in the centrl region
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Bias due to local mult. fluctuations

46

The more centrl the pp 
collision, the higher the 
probbility to find  
high-pT prton ( )̂pmain

T

ALI-PUB-559495

The high-V0M multiplicity clss selects pp collisions with 
jets in the forwrd detector

ALICE, JHEP 05 (2024) 229

HM V0M

ALICE, Phys. Lett. B 843 (2022) 137649

Multiprton interctions (MPI): more thn one prton-prton 
scttering occurring in the sme pp collision. Color reconnection (CR) 
produce collective-like effects
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