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Motivation Formation Time

High-energy hadronic collisions allow us to explore Quantum Chromodynamics The formation time of an
(QCD). In proton-proton (pp) collisions, energetic quarks and gluons shower into jets, emission, Trorm, is the time it takes to 1

which allow the study of the transition from perturbative to non-perturbative regimes, behave as an independent source of tform = 2Ez(1—2)(1 —cos B, 7)
revealing how partons ultimately confine into hadrons. radiation.

The distribution separates
into three regimes:
early parton radiation at
short times, late hadronic
decays at long times, and a
consistent transition
around Tiorm = | fm/c, which
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Outgoing Parton traverse the Quark-Gluon
Plasma (QGP), where their
structure is modified - a
phenomenon known as jet
Outgoing Paffon quenching.
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Radiation
This work: we focus on pp hadronization
collisions (vacuum) to establish a timescale (largely
solid baseline for future studies in independent of the jet

heavy-ion enVironmentSo | I T | | | I T | | | I T | 1 1 | | I | | | I | | | I | | | I | transverse momentum’ PT),
4 -3 1 0 1 [1,2].

Figure I: Hard-scattering of partons in a pp collision and parton shower, Figure 2: Statistical distribution of the formation time for two sets of jet pr
followed by hadronization and hadron decay, with jet formation. configurations

Energy-Energy Correlator (EEC)
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= Together they give a space=-time interpretation of jet substructure evolution ! i - , S ,
Figure 3: a) Angular EEC distribution for leading and sub-leading jets in different jet pr

configurations b) 7rwrm EEC distribution for leading jets in different jet pt configurations

Tform EEC Flavour Dependence
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e Universal pQCD up to ~| fm/c Leading Jet Sub-leading Jet Incj:leuts:ve Quark Jets Gluon Jets

e Clear transition!

Non-perturbative scaling

° Non-Perturbative Power.|aw fa_"-off: a=1.03 £0.02 a=1.09£0.0l a=1.03x002 | a=1.02x0.0l a=1.03+0.0l independent Of PT and ﬂavor !
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Figure 4: a) 7rorm EEC distribution for leading and sub-leading jets b) Figure 4.a) in Figure 5: a) 71orm EEC distribution for different flavour tagged events b) Figure 5.a)
logarithmic scale with fitted lines of the power-law scaling in logarithmic scale with fitted lines of the power-law scaling

Conclusions & Future work References

|] L Apolinario, A. Cordeiro, K. Zapp, Eur.Phys.].C 8|
Both angular and temporal EEC show the expected py dependent shifts EZ:(I)Z ) 'ZOS'?)THO Oraelro app. kurPhys)

The proposed temporal EEC reveals a clearer transition at Tom = | fm/c than the traditional angular correlator [2] L. Apolindrio, P Guerrero-Rodriguez, K. Zapp

FurPhys).C 84 (2024) 7,672

. , | | o [3] C. Andres, F. Dominguez, R. Elayavall, J. Holguin, C.
This new observable establishes a baseline for future jet quenching studies and is a valuable tool for testing hadronization models Marquet. Phys.Rev.Lett. 130 (2023) 26 26230

The results show universality of non-perturbative power-law scaling with a = .03 £+ 0.02, independent of jet flavour or pt

Lara Branco | September 10,2025 | IST-PhysFront’25



