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Particle Production in Strong, Time-dependent Fields



  



  

Parton kinetic equation with 
Schwinger source term



Low-momentum pion enhancement at LHC - 
                           Onset of Bose-Einstein Condensation of pions ?

V. Begun, W. Florkowski, 
PRD (2015); 
Arxiv:1503.04040

See also:
O. Vitiuk et al.
PRC 113 (2026)
Arxiv:2409.09019
(in Zubarev approach)



Low-momentum pion enhancement from quantum kinetics of oversaturated phase space

E. Nazarova, L. Juchnowski, 
D. Blaschke, T. Fischer, 
Particles 2 (2019) 140 - 149

Initial conditions:

Time evolution as solution 
of the kinetic equations → 

Lesson 2:

Kinetics of g→π 
conversion maps
(over)saturated  g
phase space to
low-momentum π
enhancement /
Bose-Einstein
Condensation (BEC)



“Pump & Probe” of the QED Vacuum: Bifrequent Laser Beams

Why is it interesting?

- pump (HI optical laser) & 
  Probe (XFEL) experiment
  exploring modification of 
  QED vacuum structure

- refraction & birefringence

- “assisted” dynamical 
  Schwinger effect 

A. Otto, D. Seipt, D. Blaschke, B. Kämpfer, S.A. Smolyansky, PLB 740, 335 (2015)
D. Blaschke, L. Juchnowski, HIBEF kickoff meeting, DESY (2013)



Dynamical Schwinger process in a bifrequent electric field
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Kinetic equation approach to strong, time-dependent external fields

D. Blaschke, L. Juchnowski, A. Otto, Particles 2 (2019) 166 - 179

Different field strengths:  E0/Ec = 0.02, 0.2, 1.0 Different pulse duration: τm = 1, 2, 5, 10, 20, 50

Lesson 3: To enhance particle production in external fields, make pulses strong & short!



  

Confining Density Functionals (CDFs) - String-Flip Model

Keep in mind the dependence   n2/3 

The density functional is an average over string lengths



  

Confining Density Functionals – String-breaking model 

Regularized linear confinement in 1 dim., parameter μ

Fourier transform:

The density functional is

Screening parameter

Again, the n2/3  rule !
D ~ σ 

Oliver Heymer, D.B., in preparation (2026)



  

Confining Density Functionals (CDFs) - String-Flip Model



  

Confining Density Functionals (CDFs) - String-Flip Model



Confining Density Functional (CDF) & chirally sym. Model 



  

Confining Density Functionals (CDFs) – Chiral Sym. Model



Confining Density Functional (CDF) & CSC Quark Matter 



Confining Density Functional (CDF) & CSC Quark Matter 

CDF Without CSC



Confining Density Functional (CDF) & CSC Quark Matter 

CDF Without CSC



Confining Density Functional (CDF) & CSC Quark Matter 

CDF With CSC



Confining Density Functional (CDF) & CSC Quark Matter 
CDF with CSC CDF with CSC



Confining Density Functional (CDF) & CSC Quark Matter 
PNJL with CSC CDF with CSC



Confining Density Functional (CDF) & CSC Quark Matter 
CDF without CSCCDF with CSC



Confining Density Functional (CDF) & CSC Quark Matter 



Thermal twin stars – Indicators of CCSN explodability ? 

*) Pia Jakobus et al., MNRAS 516, 2554 (2022); arxiv:2204.10397 [astro-ph.HE]
**) Noshad Khosravi Largani et al., Astrophys. J. 964, 143 (2024); arxiv:2304.12316 [astro-ph.HE]  

Successful explosion of massive progenitor stars* for hybrid EoS with entropic first-order transition (thermal twin stars)

David Blaschke Quark Confinement and the Hadron Spectrum XVI, Cairns | 20.08.2024        27

Important for explodability: Postbounce mass accretion rate (metallicity) vs. Time to reach the onset of deconfinement**)













„Sudden Switch“ from HRG to QGP 

arXiv:2507.10497; PoS (QCHS2024) 247 

Chemical Freeze-out: „inverse“ Mott effect – hadron localization = collapse of the wave function 



PBH Formation and CFO of heavy elements?  
32

QCD hadronization transition plays key role for PBH formation  !

JWST results – primordial black holes !

2) Quark Nuggets &
    Nuclear Droplets 

1)



PBH Formation and CFO of heavy elements?  
32

QCD hadronization transition plays key role plays for PBH formation  !



33

Different peaks correspond to 
different particles created at the early 
universe phase transitions and the 
corresponding reduction in the sound 
velocity.

BH mass corresponds to the horizon 
size at each time.

Only requirement is enough 
fluctuation power in a volume fraction 
of 10-9 of the early Universe.

Carr, Clesse, García-Bellido 2019

QCD hadronization transition plays key role plays for PBH formation  !

JWST results – primordial black holes !

PBH Formation and CFO of heavy elements?  





International Conference on 
Quark Confinement and the 
Hadron Spectrum (QCHS 2026)
29.6. - 4.7.2026, Wroclaw, Poland

David Blaschke (Uni Wroclaw & HZDR/CASUS), 
Nora Brambilla (TU Munich), 
Pior Surowka (Wroclaw Univ. Science & 
Technology)

https://indico.cern.ch/event/1531304
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