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We present the first study quantifying the sensitivity of hadron and photon observables to the early-time evo-
lution in heavy-ion collisions which implements a realistic pre-equilibrium stage with effective QCD kinetic
theory [1, 2] and a state-of-the-art hybrid (IP-Glasma + MUSIC + UrQMD) framework [3]. We calculate pho-
ton emission from the pre-equilibrium phase by folding the system’s energy momentum-tensor with thermal
photon emission rates including their viscous corrections. By changing switching time and coupling parame-
ters inherent to the pre-equilibrium evolution, we study how the non-equilibrium phase influences the hadron
and photon flow coefficients in Pb+Pb, Xe+Xe, and O+O collisions at 5 TeV. Because the space-time volume
scales differently from the number of binary collisions from O+O to Xe+Xe and Pb+Pb collisions, a system-
atic system size comparison of photon production can further shed light on the relative contributions from
thermal and prompt sources and provide further insight into early time QGP dynamics.

Recent Bayesian extractions of the QGP bulk viscosity using hadronic observables alone [4] cannot disen-
tangle easily a large narrow peak temperature dependence of bulk viscosity from a broader ζ/s(T ) with a
lower maximum value. Utilizing the power of photons as clean and penetrating probes, we demonstrate how
thermal photon production and its flow coefficients can improve constraints on QGP bulk viscosity owing to
its sensitivity to early stages of the QGP evolution.
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