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QGP in the early universe

François Gelis QCD at High Temperature 11/112 Cape Town, November 2013
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Big picture of ExtremeQFTs project: EW physics at  K 1015

1st order EW phase-transition imprints GW spectrum & collider data
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[Adapted from Mia West’s talk @HEFT2025]



The ALICE experiment - A journey through QCD ALICE Collaboration

The partons within the nuclei that are involved in the smaller-Q2 interactions determine the overall en-
ergy density and entropy deposition in the initial state, and their interaction rate is largely driven by
Npart. Such parton interactions lead to a “lumpiness” of the initial density profile, which is the result of
fluctuations in the distribution of nuclear matter, and is depicted in Fig. 3. Immediately after the colli-
sion, the smaller-Q2 interactions occur in the context of a weakly coupled pre-equilibrium phase. This
is followed by the creation of even softer partons in these processes, which enable the formation of a
strongly coupled QGP phase. The hard processes from large-Q2 interactions, with their rate driven by
Ncoll, enable the creation of high momentum gluons and high momentum/mass quarks, as indicated in
Fig. 3 via the gluon and charm quark trajectories. As they have short wavelengths, they will interact
with other quarks and gluons on a microscopic level, leading to energy loss effects (the energy being
transferred to the medium), and therefore they offer information on the opaqueness of the QGP. The
interactions of high-momentum partons with the QGP can be radiative as indicated in Fig. 3 for a gluon,
as well as elastic, as indicated by the change in direction of the charm quark. The amount of energy loss
will depend on the colour charge, momentum, mass, type of process (inelastic or elastic), the distance
traversed (path length) of the hard scattered parton, and is subject to stochastic processes. The heavy
quarks produced via hard processes can also form quarkonia (bound heavy quark-antiquark states), with
their production rate being suppressed because the binding force between the quark and anti-quark is
weakened (screened) by the presence of the colour charge of quarks and gluons. That suppression is
closely related to the temperature of the QGP, and can be counterbalanced by a regeneration process
that recombines heavy quarks participating in the medium interactions, depending on the abundance of
heavy quarks. In addition, the parton fragmentation processes (indicated by the yellow cone) lead to
jets, partonic showers that arise from these high energy partons, and that fragment into experimentally
observable hadrons once the shower components reach low virtuality. That fragmentation pattern in the
medium can be altered compared to vacuum-like conditions, e.g. e+e� collisions.
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Figure 3: The evolution of a heavy-ion collision at LHC energies.

The evolution of the QGP for most processes involved in soft interactions after ⇠ 1 fm/c can be un-
derstood as follows. Since the mean free path of the vast majority of QGP constituents is expected to
be much smaller than the size of the QGP formed (assuming these constituents are strongly coupled),
multiple interactions drive the expansion. This expansion is highly influenced by the non-uniform en-
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Big picture of ExtremeQFTs project: QCD at  K 1012
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[Adapted from arXiv: 2211.04384 and 2303.17254]

Properties of hot QCD medium are encoded in jet properties



Global objectives of ExtremeQFTs project 
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GO2: Precise computation 
of PT and GW parameters

GO1: Description of QCD 
jets in hot plasmas at 
leading order and beyond

GO3: Complementary 
studies at collider and 
cosmological experiments ⇒

• Search for skyrmions at 
finite temperature

Specific objectives 
complementary to Miki’s 
ERC

• Non-equilibrium features, 
e.g. bubble wall velocity 



ExtremeQFTs project: research team
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Mikael Chala Abdelhak Djouadi

GO2: Precise computation 
of PT and GW parameters

GO1: Description of QCD 
jets in hot plasmas at 
leading order and beyond

GO3: Complementary 
studies at collider and 
cosmological experiments 

Alba Soto Ontoso
Samuel Abreu (Staff at CERN-TH)

• Starting in August 2026 

• Amplitudes and multiloop calculations  

• Precision collider physics
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leading order and beyond

GO3: Complementary 
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•Starting in Fall 2026 

•Electroweak higher-order computations 

•Heavy-flavour and resummation
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Mikael Chala Abdelhak Djouadi

GO2: Precise computation 
of PT and GW parameters

GO1: Description of QCD 
jets in hot plasmas at 
leading order and beyond

GO3: Complementary 
studies at collider and 
cosmological experiments 

Alba Soto Ontoso Victor López-Pardo (IGFAE)

•PhD with Armesto and Ferreiro 

•Starting in early 2027 

•Quarkonia and open quantum systems



ExtremeQFTs project: FTAE members in work team
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Marco Leitão (early 2027)Fuensanta Vilches

Luis Gil

Zhe Ren

Diogo Costa Afonso Guerreiro (fall 2026)



Progress so far
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GO2: Precise computation 
of PT and GW parameters

GO1: Description of QCD 
jets in hot plasmas at 
leading order and beyond

GO3: Complementary 
studies at collider and 
cosmological experiments 
• G Arcadi, A Djouadi, Interpreting 

the current Higgs excesses at the 
LHC in the 2HD+a framework 
arXiv: 2512.08807

• JC Criado, M Chala, L Gil, 
Thermoskyrmions, arXiv: 
2601.18873

• J Silva, A Soto-Ontoso, Collinear 
spin correlations of final-state 
radiation in dense QCD matter,  
arXiv: 2511.17737

• M van Beekveld, A Soto-Ontoso, 
et al., A new suite of Lund 
observables to resolve jets, arXiv: 
2511.16723

• L Apolinario, D Costa, A Soto-
Ontoso, Bottom-up approach to 
describe groomed jet data in 
heavy- ion col l is ions, arXiv : 
2601.13310



What’s next?
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GO2: Precise computation 
of PT and GW parameters

GO1: Description of QCD 
jets in hot plasmas at 
leading order and beyond

GO3: Complementary 
studies at collider and 
cosmological experiments 

Explore synergies between techniques used in hot QCD 
and hot EW

⇒
%-level SM baseline for BSM studies ⇒
Development of MC tools for SMEFT studies⇒


