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Introduction
● Dynamical fluctuations → system dynamics and responses.
● In high-energy collisions (pp, heavy-ion), transverse momentum (pT) reveals system dynamics.
● Mean transverse momentum (⟨pT⟩) fluctuations → sensitive to collective flow, temperature, energy 

variations.
● ⟨pT⟩ fluctuations stem from correlations: hadronic interactions, resonance decays, jets, etc.
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➢ Probes particle production mechanisms
 Helps distinguish between fragmentation, recombination, and coalescence processes.

➢ Mass and species dependence
 Different masses (pions, kaons, protons) lead to different ⟨pT⟩ contributions; heavier particles tend to raise 
the mean ⟨pT⟩.

➢ Sensitive to composition fluctuations
 Event-by-event variation in particle species affects the overall ⟨pT⟩.

➢ Energy and multiplicity effects
 Higher energy or multiplicity enhances strange and baryon production, modifying ⟨pT⟩ and mimicking 
heavy-ion behavior.

● Provides crucial insights not just for pp physics but also for understanding heavy-ion collisions .

Why study event-by-event ⟨pT⟩  fluctuations for identified particles?



Previous work

➢ First multiplicity-dependent analysis of ⟨pT⟩ dynamical 
fluctuations in pp collisions

➢ Evidence of significant non-statistical fluctuations.
➢ Observed dilution with increasing multiplicity.
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Eur. Phys. J. C (2014) 74:3077

Event-by-event mean pT fluctuations in pp and Pb–Pb collisions at 
the LHC, Stefan Heckel et.al.

Eur. Phys. J. C (2014) 74:3077

arXiv:2211.14796v1 

Event-by-event fluctuations of mean transverse momentum in 
Pb–Pb and Xe–Xe collisions with ALICE, Tulika Tripathy, et.al.

➢ In peripheral Pb-Pb collisions, fluctuations 
are in good agreement with extrapolation 
of a power-law fit to pp.

➢ At larger multiplicities, the Pb-Pb results 
deviate from the pp extrapolation.

➢ Power law behavior in three 
regions: 3-20, 20-300, >300 
⟨dNch/dη⟩.

➢ Distinct mechanisms from 
peripheral to central collisions.

➢ Key factors: collectivity onset, 
thermalization, initial energy 
density.

➢ Collision energy dependence in 
Pb–Pb as ⟨dNch/dη⟩ varies.

https://www.researchgate.net/publication/278723838_Event-by-event_mean_pT_fluctuations_in_pp_and_Pb-Pb_collisions_at_the_LHC
https://www.researchgate.net/publication/278723838_Event-by-event_mean_pT_fluctuations_in_pp_and_Pb-Pb_collisions_at_the_LHC
https://arxiv.org/pdf/2211.14796
https://arxiv.org/pdf/2211.14796
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Observable:

Robust to efficiency up to 
first order



Selection criterion:
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System
● pp Collisions
● √s = 13.6 TeV 

Event Selection
● |VZ | < 7 cm
● sel8()
● kNoSameBunchPileup()
● kIsVertexITSTPC()

MC Data Set
● LHC24f3c_fix
● # of events: 3.5 B 

Track Selection
● 0.2 < pT  < 2.0 GeV/c
● |DCAZ| < 0.15 cm
● |η| < 0.8 
● isGlobalTrack()

Data Set
● LHC22o_pass6_small

● # of events: 1.2 B 



PID selection: 

where sp represents any of the π, K, or p species, and oth represents any of the other 
two species not being sp



Results:
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Simulation results:
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⟨pT⟩ Distribution Relative dynamical fluctuation

LHC24f3c



MC closure test:
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No efficiency correction

⟨pT⟩ Distribution Relative dynamical fluctuation

LHC24f3c_fix



Simulation Summary:

➢ ⟨⟨pT⟩⟩ increases with multiplicity and mass ordering in ⟨pT⟩ → due to effects like string fragmentation, 
color reconnection and harder underlying parton scatterings and radial flow-like effects.

➢ Correlation strength decreases with multiplicity. 

➢ Low multiplicity → soft processes dominate, leading to larger relative ⟨pT⟩ fluctuations.

➢ Higher multiplicity → more particles, averaging out fluctuations, reducing correlations.

Current Status

● The Monte Carlo (MC) closure test for two-particle correlator is in progress.

Future Work 

● Obtain the efficiency-corrected two-particle correlator after completing the MC closure test.
● Conduct systematic studies.
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Backup
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<pT > Distribution
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Run 3

Run 2



<pT > Distributions (MC Closure test)
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No efficiency correction



Relative two-particle correlator
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No efficiency correction



<pT > Distributions (Only PDG)
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Relative two-particle correlator (Only PDG code)
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