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1. PBH formation from overcritical overdensities

2. Fate of undercritical overdensities: baryon droplets/Q-balls

a) Witten Scenario
b) Boeckel & Schaffner Bielich
c) Zhitnitsky et al. 

3. Freeze-out of heavy nuclear clusters from a thermal state
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QCD hadronization transition plays key role for PBH formation  !

JWST results – primordial black holes !

2) Quark Nuggets &
    Nuclear Droplets 

1)



PBH Formation and Nuclear Droplets?  
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Two paths @ QCD hadronization: 1) PBH formation & 2) Nuclear droplets !











„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 
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1) PBH formation & 2) Nuclear droplets !

Primordial Black 
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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?  
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LIGO BBH
Merger Mass
Distribution

Crazy 
conjecture:

Peak mass 
“measures“
Cosmic QCD
Transition
Temperature
T_H~50 MeV ? 



Unknown early source of heavy r-process elements!  

Suggestion:

Freeze-out from a primordial 
dense, thermal source as the 
missing production site of 
heavy r-process elements.

Gonin et al., EPJA 61 (2025) 

Chen et al., ApJ 985 (2025) 154
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G. Röpke, D. Blaschke, F. Röpke, arXiv:2411.00535

Accumulated mass fraction vs. mass 
number Â for solar element abundances 
compared with freeze-out model after 
neutron evaporation for T=5 MeV, 
μn=940.317 MeV, μp= 845.069 MeV

35

QCD phase transition → Quark Matter nuggets  



Can the primordial evolution of the 
Universe lead to these freeze-out 
Parameters (red star):

T=5 MeV, 
μn=940.317 MeV, 
μp= 845.069 MeV

Maybe inhomogeneous Big Bang?

The freeze-out point lies in the 
domain of supernova explosions 
and binary neutron star mergers

34

G. Röpke, D. Blaschke, F. Röpke, arXiv:2411.00535
and Universe (2025) accepted

PBH Formation and Nuclear Droplet Formation?  



Mott dissociation for bound states in a plasma 
13

[Derivation of a „Plasma Hamiltonian“ from a Bethe-Goldstone Eq. for two-particle states]

[R. Zimmermann et al. (5-men-work), Phys. Stat. Sol. (b) 90 (1978) 175]



Mott dissociation for clusters in nuclear matter 
17



Mott dissociation for clusters in nuclear matter 
22

Present state-of-the-art: 

Scalar and vector mean fields from RDF EoS DD2 
S. Typel et al., Phys. Rev. C 81, 015803 (2010)

Parameter fit provided by G. Röpke et al., 
Phys. Part. Nucl. Lett. 15, 225 (2018)  

with the isospin asymmetry



G. Röpke, D. Blaschke, F. Röpke, arXiv:2411.00535

Accumulated mass fraction vs. mass 
number Â for solar element abundances 
compared with freeze-out model after 
neutron evaporation for T=5 MeV, 
μn=940.317 MeV, μp= 845.069 MeV
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Heavy element distribution 
described by primordial CFO
→ inhomogeneous big-bang ...

PBH Formation and CFO of heavy elements?  



Primordial accumulated 
mass fraction (red plusses) 
compared to the solar one 
(blue crosses)

Modified by: 1) neutron evaporation ...

… and 2) fission (A~330 → 165) and 
3) alpha decays (A>212 → A~200)

EPJA 61 (2025) 170; arXiv:2505.05463



Task:  Explain how primordial evolution leads to Lagrange parameters 
T=5 MeV and n_B=n_sat/10  

Simon Schettler, Tillmann Boeckel, Jürgen Schaffner-Bielich, arXiv:1010.4857
Tillmann Boeckel, Jürgen Schaffner-Bielich, arXiv:1105.0832



Task:  Explain how primordial evolution leads to Lagrange parameters 
T=5 MeV and n_B=n_sat/10  

T. Boeckel, J. Schaffner-Bielich, arXiv:1105.0832;
 D.B., M. Gonin, G. Hasinger, O. Ivanytskyi, G. Röpke, in preparation (2025)
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Task:  Explain how primordial evolution leads to Lagrange parameters 
T=5 MeV and n_B=n_sat/10  

Simon Schettler, Tillmann Boeckel, Jürgen Schaffner-Bielich, arXiv:1010.4857
Tillmann Boeckel, Jürgen Schaffner-Bielich, arXiv:1105.0832

Supercooling, Mini-Inflation, Reheating Gravitational wave spectrum: PTA, SKA, ... 



Neutrino emission → Axionic Quark  nuggets  

Xunyu Liang, Ariel Zhitnitsky, Axion field and the quark nuggets formation at the QCD phase 
transition, Phys. Rev. D 94 (2016) 083502
Oswaldo Santillan, Alejandro Morano, Neutrino emission and initial evolution of axionic quark 
nuggets, Phys. Rev. D 104 (2021) 083530

Axion mass:

Size of the quark nugget:

Baryon-to-photon ratio now
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If dark matter consists of of quark nuggets, their flux is 
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If dark matter consists of of quark nuggets, their flux is 





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



https://indico.cern.ch/event/1531304    (under construction)

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


David Blaschke (UWr & HZDR/CASUS Görlitz, co-chair)
Nora Brambilla (TU Munich, co-chair)
Piotr Surowka (WUST, co-chair)
Tobias Fischer (WUST)
Krzysztof Redlich (UWr)
Chihiro Sasaki (UWr & Hiroshima University)
Armen Sedrakian (UWr & FIAS) 

Wojciech Broniowski (JU Cracow)
Wojciech Florkowski (JU Cracow)
Marek Gazdzicki (JKU Kielce)
Francesco Giacosa (JKU Kielce)
Robert Kaminski (INP Cracow)
Adam Kisiel (Politechnika Warszawska)
Stanislaw Mrowczynski (NCBJ Warsaw & JKU Kielce)
Gabriel Wlazlowski (Politechnika Warszawska) ... 

Local Organizing Committee (LOC)  

Regional Advisory Team (RAT)  



Scientific Programme / Parallel Sessions
Vacuum Structure and Confinement  - Session A

Light Quarks - Session B

Heavy Quarks - Session C

Deconfinement - Session D

QCD and New Physics - Session E

Nuclear and Astro-Particle Physics - Session F

Strongly-Coupled Theories and Dark Matter - Session G

Statistical Methods for Physics Analysis - Session H



Conference Venue:    

Campus Grunwaldzki of  
Wroclaw University of  Science Technology  

https://indico.cern.ch/event/1531304    (under construction, bookmark the website !)

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


Looking forward to meeting you in 
Wroclaw in Summer 2026



For those who cannot wait until 2026 ...

https://indico.global/event/13917
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