
Particle Production and freeze-out
Q1: flavor dependent freeze-out

● First principle calculation & fluctuation measurements
(PRL 111 (2013) 202302 & Phys.Rev.C 99 (2019) 3, 034912

● Experimental evidence from yields and strangeness enhancement
Phys.Lett.B 814 (2021) 136098 & Phys.Lett.B 834 (2022) 137473

-> Future charm 
measurements



Particle Production and freeze-out
Q2: flavor dependent chiral symmetry restoration
● Lattice QCD calculation (JHEP 06 (2017) 034) ● Experimental evidence (UH thesis – Myers)



Particle Production and freeze-out
Q3: lack of multi-quark states in strange sector

● Experimental evidence in charm sector

● Lack of experimental evidence in strange sector



Particle Production and freeze-out
Q4: large small system vs small large system

● CR vs. thermal production● Non-universality in charm sector ?

● Common thermal production in heavy ions ?



Particle Production and freeze-out
Q5: ‘thermalization’ from entanglement

initial entropy production = final particle production
● Bose condensate measurement ● Experimental evidence

pp collisions
(CMS data at
different energies)

ep collisions: (H1 data at different x-values)

ALICE, sqrt(s) = 13, 8, 7,  2.76, 0.9 TeV

SEE = ln [xg(x) + xS(x)] + ln [2/3]

pp collisions
(ALICE data at
different energies)


