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Background

Strange quark matter: the true ground state of strongly interacting matter at high
baryon density.
Dark matter: relic quark objects from the early Universe survive and account for dark
matter.
Compact stars: stiff EoS of strangeon stars → massive pulsars (2M⊙);
strange quark stars → ultralow mass compact stars.

The paper focus on
strange quark matter → strangeon matter.
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Key idea
One of the important factors that determine lifetime of strange stars is evaporation:

strange quark: A > 1052 can survive evaporation (Alcock and Farhi, 1985)

strangeon: much slower
1 strangeons evaporate (and decay into nucleons): suppressed by strong barrier

(J. Madsen, Phys. Rev. D 47, 325 (1993))

2 strangeons decay into nucleons and evaporate: decay needs a much slower weak
interaction.

The thermal history is:

Quark-Gluon Plasma → Strange Quark Nuggets → Strangeon Nuggets

During a first-order QCD transition, baryons are trapped in shrinking false vacuum.
These domains form dense strange quark nuggets.
The resulting strangeon nuggets are more resistant to evaporation and can persist to
the present epoch as dark matter.
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Strange quark matter

A MIT bag model:

fi(f̄i) = 1
1 + exp(Ei±µi

T )

β equilibrium and charge neutrality

µs = µd = µu + µe, µµ = µe

2nu − nd − ns = 3ne + 3nµ

Strong Nuggets in the Early Universe March 27, 2026 5 / 13



Strangeon
A double Yukawa potential describes the residual strong interaction between strangeons

V (r) = g1
e−m1r

r
− g2

e−m2r

r
,

the equilibrium state

r0, u0 are temperature dependent undetermined parameters with confinement temperature
T0 ∼ 100 MeV

(these two equations are not understood.)
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Strangeon
At sufficiently low temperatures, strangeons may form a crystalline lattice as a result of their
strong mutual interactions. X. Y. Lai and R. X. Xu, Mon. Not. R. Astron. Soc. 398, L31 (2009).

The total potential energy density at low temperature (n number density)

The dominant contribution to the potential energy arises from nearest neighbor interactions,
which do not differ significantly with temperature.
Large mass strangeons obey Maxwell-Boltzmann distribution
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Strangeon

Four free parameters now: m1, m2, u
(0)
0 , r

(0)
0

1 u
(0)
0 is set 0 ∼ 400 MeV

2 m1 and m2 are chosen in the range 60 ∼ 1200 MeV and satisfy m1 > m2.
3 r

(0)
0 ensures strangeon density excesses the nuclear saturation density.

4 strangeon rest matter m ∼ 5580 MeV.W. L. Yuan, C. Huang, C. Zhang, E. Zhou, and R. Xu, Phys.Rev. D 111, 063033 (2025)

The scenario: if strange quarks undergo a phase transition into strangeons, the evaporation
process can be strongly suppressed because the evaporation of strangeon nuggets requires the
weak interaction conversion from strangeons to nucleons on the surface of strangeon
nuggets, which is 10−13 times the rate of strong-interaction quark assembling when strange
quark matter evaporates nucleons.
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Backup
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Main results
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Main results
δE binding energy.
Phase transition at 
T_15
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Main results
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Conclusion

This paper presents a unified picture in which:
a first-order cosmic QCD transition forms dense strong nuggets,
a later conversion to strangeon matter stabilizes them,
the surviving relics can contribute to dark matter,
and the same framework is testable through compact-star observations.

Final message:

The survival of strong nuggets may depend crucially on the
internal QCD phase structure of dense matter.
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