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CNM implementation and results

Specific CNM effects we consider arise from the elastic, M. Gyulassy et al.
inelastic, and coherent re-scattering of partons in nuclei (2002)
* Cronin effect (and of course g(k) = exp(—k%/(k%),,)/m(k%),,,

isospin) ’

(K2)pa ~ (K)o + Lat In(1+ cph /i)
* Coherent power corrections
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Parton level results at RHIC compared to nPDF parameterization
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* CNM energy loss
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For prospects for better (TMD based) description of the low p; region Cronin
effect, etc see W.Keetal. (2005) (beyond this collinear factorization scope)



QGP effects

Final-state collisional and radiative processes

* Collisional energy loss
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Hydro medium and TRENTO initial conditions

* In-medium splitting functions / radiative energy loss

M. Sievert et al. (2019) dNmed , dRy(
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and the energy loss limit

System size dependence (expanding QGP)
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Much weaker path length dependence
of collisional vs radiative E-loss. Implies
increased importance in small systems



Evolution of heavy flavor

fragmentation functions

;2
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Light and heavy flavor

fragmentation and evolution
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Phenomenological results

I * Theoretical results agree with existing light hadron
Radiative
La rge systems and D meson measurements at RHIC and LHC. True

rocesses . . .
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Centrality determination in p/d+A challenging. No room
for quenching effects in p+Pb from these measurements

W. Ke et al. (2023)



QGP in small systems?
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CNM effects. Still calculate with a and without cold nuclear

Without QGP matter energy loss.
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Predictions vs centrality for O+O

W. Ke et al. (2026) CMS (2025) ALICE (2025)
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Additional predictions for Ne+Ne

W. Ke etal. (2026) CMS (2026) LHCb (2026)
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Energy correlators in matter

B. Mecaj et al . (2025)

k* K

« EECcaptures the redistribution of energy inside thi 65 6
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jet caused by multiple scatterings in the medium. A Bl Ye

« Medium interactions are described via medium

induced splitting function at any order in opacity, e L
SCET with Glauber gluons ¢l 2158 | o
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Multiple scales that can be resolved through an in-medium factorization theorem.
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The jet function in matter

Describes collinear radiation inside the jet 45/0 EEC of exclusive jets
. g in a thin medium
propagating through a QCD medium. SN

Encodes how multiple scattering and induced
gluon emission modify the jet substructure.
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One can o.btaln semi analytlc. W. Ke etal. (2023) . | | ey
results suitable for RG evolution Aqon/pr W
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Formally the in-medium jet function tests the structure of medium-induced splitting
functions probe the medium modifications of QCD splitting functions.



In-medium EEC evolution

The factorization theorem enables a clean separation of scales as well as
separation of medium and vacuum effects: track down evolution effects due

to medium and scales in the medium.

 RGE describes how collinear radiation evolves the Ay dxvec | gymed
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Energy correlators in matter

1.2
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Comparison in small systems
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Conclusions

= Animportant question is whether QGP can be produced in small ~ p-sized but
elongated systems versus small but spherical systems with roughly the same soft
particle multiplicity

= We addressed this question with inclusive hadron production in p+Pb and
O+0O/Ne+Ne, con5|der|]rc1rg cold nuclear matter and QGP effects. The analysis accounts
for heavy quark mass effects, solves mDGLAP with full in-medium splitting functions

= Atthe LHC p+Aresults are not incompatible with the QGP assumption in but
uncertainties on centrality determination remain (various scenarios). In O+0 results
are perfectly consistent with the QGP formation scenario. Ne+Ne/O+0O informative
atllov?/ to intermediate p; Suggestive of smaller collisional e-losses than in the
calculation

= We further performed a first principles calculation of energy correlators. Derived and
RG e_c%_uati_ons for the observable and presented phenomenological applications. The
moadification of EEC is consistent with QGP formation in smallasymmetric systems
p+Pb (and is similar for O+0O)

= From the point of view of jet quenching, there isn't a clear conclusion in p+Pb (and
d+Au). Inclusive hadron suppression at [HC - NO, EEC modification YES. Both
measurements have their uncertainties, additional observables, both inclusive and
differential, in p+Pb can help.
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