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Strange Matter:
the many faces



Why our baryonic 
matter with 2-flavor
(rather than 1- or 3-) 
symmetry?

Note: Energy scale ~ 400 MeV
(~0.5 fm) pc ~ !c ~ 200 MeV·fm

Anthropic 
principle?

Strange Matter



Summary

9 Strange Matter: bigger is diff.!

zMany faces of strange matter

zConclusions

Strange Matter http://www.phy.pku.edu.cn/~xurenxin/ R. X. Xu



•The symmetry-energy in liquid-drop model
Five terms in mass formula of nucleus with Z protons and N neutrons (A = Z + N):

E (Z, N) =
volume surface symmetry Coulomb pairing

•Why does there exist symmetry-energy?
•Fermi gas of nucleons: still weakly interaction inside a nucleus?
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¾Interaction really negligible?
The kinetic term of Nuclear Symmetry Energy
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•Fermi gas of nucleons: still weakly interaction inside a nucleus?

•Alternatively, a 2-flavour symmetry? (an analogy: NaCl, interaction!)

A note: 2-flavour symmetry matter should be positively charged!
…but it doesn't matter for microscopic nuclei because of Dem<<Ds.
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l ~ 10-1 A ~ 104 fm

kinematic motion is bound by EM interaction: p2/me ~ e2/l
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? Electrons contribute negligible energy for micro-nuclei!

。
~ 10-5 MeV

The potential term of Nuclear Symmetry Energy dominates!

Strange Matter: bigger is diff.!
•2-flavuor micro-nuclei is energetically favored!
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•A 3-flvuor symmetry in gigantic/macro-nuclei?
•Huge Thomson atom if 2-flavour symmetry keeps...

Huge Thomson 
atom with A > 109

disadvantages:
¾though Coulomb energy could 
not be significant, but the Fermi 
energy of electrons:

EF ~ !cn1/3 ~ 102 MeV!
advantages if strangeness ...
¾electrons negligible, ne << nq

EF ~ 101 MeV!
¾new strangeness degree possible:

either Heisenberg’s relation or 
Fermi energy �
Escale > 'm{s, ud}~100MeV

•Macro-nuclei with 3-f symmetry: strange quark-cluster matter!
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> Oc ~ 103fm



•2-f micro-nuclus VS 3-f macro-nucleus

protonneutron

f = 2 f = 3

u
u d

u
d d u

s d
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s

Each cluster has nearly equal numbers of {u,d,s}.
Macro-nucleus: condensed matter of quark-clusters! 
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•Compact stars: Neutron star VS Strange star

Many faces of Strange Matter

Neutron star or Strange star



•Compact stars: different pulsar models

conventional 
Neutron Star

light flavour symmetry: 
Strange Star

Many faces of Strange Matter
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Xu (2008)
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Many faces of Strange Matter
•Compact stars: Observational hints?



•Subpulse drifting: PSG or self-bound surface?
•Bi-drifting: strong self-bound quark surface?

•Nonatomic spectra: quark surface?
•Clean fireball for SNE & GRB?

•Precessions of pulsars?
•Quake-induced free energy for AXP/SGRs?

zNon-thermal emission: bound strongly?

zThermal emission: featureless & clear?

zQuark-cluster stars in a solid state?

zObs. tests of stiff equation of state?

Surface

Global

Many faces of Strange Matter
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Photospheric radius expansion
in 4U 1746-37

Constraints by PRE bursts
of 4U 1746-37, on the assumption 
that the touchdown flux 
corresponded to LEdd,
and the obscure
effect is included.

Li, et al. (ApJ, 2015)

Many faces of Strange Matter
•Compact stars: low-mass pulsar-like star?
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Many faces of Strange Matter
•Cosmic hadronisation: relics of strange nugget?

•Cosmic ray: relativistic/non-relativistic nugget?

A�(~1024, ~1035)
BBN He abundance would 
not be affected significantly

Strange nuggets may help formations 
of high-z (~6) supermassive BHs

Lai & Xu (2010)

Merging binary strange stars

Nuggets after cosmic QCD transition

Cosmic rays 
even UHECRs?

Dark matter?
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Many faces of Strange Matter
•Strange matter: mass spectrum?
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Conclusions
•Strange matter is conjectured to be condensed 
matter of 3-flavour quark-clusters, which could 
manifest itself as compact stars, cosmic rays, 
and even dark matter.

•Future advanced facilities (e.g., FAST, SKA) 
would provide opportunity to find solid 
evidence for strange stars, while others (space 
or ground) could do for strange nuggets.

THANKS!
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