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“Quakes: from the Earth to Stars”
Dream Field (#:J5i[E) near FAST, Guizhou; May 20~23, 2023
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FIGURE 1 A rock containing copper (Malachite). Normal
atom matter at pressure free is condensed by the electromagnetic
(or simply electric) force, while the strangeon matter, to be

explained in §6, is by the fundamental strong interaction. S &
Multiscale forms can exist for both kinds of condensed matter, the Can we have Strong ma‘[te r’)
electric and the strong ones Xu (2023)
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Let’s do an exercise...to squeeze one ton of water!

{udd}

/\ 102C
m \/
Before: baryon A

water
After the squeezing: X
a, A giant “nucleus”: A,/ fm~10um at ~p, ;7/

b, Pauli principle = E.~300MeV >> meCZ!!! &;&)

~1069/u~1030, Electrons Ee<1MeV_ "
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eLandau (1932)’s neutralization: " + p* — n® + v,

ON TIIE THEORY OF STARS.
By L. Landau.
(Received 7 January 1932).

From the thecoretical point of view the physical nature of Stellar
equilibrium is considered.
hixsical methods usually applied in attacking
2 lar structure are characterised by making
s chosen only for the sake of mathe-
By this is characterised, for instance,
of the impossibility of a star consisting
ical ideal gas; this proof rests on the
W I'bitrary L and M, the fundamental equa-
“WS  sisting of classical ideal gas admit, in
solution. Mr. Milne seems to have over-
‘at  this assertion results only from the
ty being constant throughout the star,
s made only for mathematical purposes
do with reality. Only in the case of
radius R disappears from the relation
necessary for regularity of the solution.
) mptions about the opacity would lead
bet n L, M and R, which relatjong would be

quu aiﬂ‘d@\?'m tlL(am ),l ’zl criticisms put fo

wddington’s  masSs - lam Vv - relation.

It ﬁl@@ggg{gﬁaje to try to attack the problem of stellar
struct M by metiro of thceoretical physics, i. ¢. to investi-

gate the physical nature of stellar cquilibrium. For that
purpose we must at first investigate the statistical equilibrium
of a given mass without genceration of energy, the condition
for which equilibrium being the minimum of free energy F
(for given temperaturcy. The part of free cnergy due to
gravitation is negative and inversely proportional to some

Landau L. 1932, Sov. Phys., 1, 285

genel
looke
assun
whicl

283 L. Landau

we have no need to suppose that the radiation of stars is due
to some mysterious process of mutual annihilation of protons
and electrons, which was never observed and has no special
reason to occur in stars. Indeed we have always protons and
electrons in atomic nuclei very close together, and they do
not annihilate themselves; and it would be very strange
if the high temperature did help, only because it does some-
thing in chemistry (chain reactions!). Following a beautiful
idea of Prof. Niels Bohr's we are able to believe that
the stellar radiation is due simply to a violation of the law
of energy, which law, as Bohr has first pointed out, is no
longer valid in the relativistic quantum theory, when the
laws of ordinary quantum mechanics break down (as it is
experimentally proved by ¢omtinuous-rays -spectra and also
made probable by theoretical considerations).’ We expect that
this must occur when the density of matter becomes so great|
that atomic nuclei come in close contact, forming one gi-
gantic nucleus
these general lines we can try to develop a theory
r structure. The central region of the star must con-
core of highly condensed‘matter, surrounded by
mat@llr in ordinary state. If the transition between these two
statdll were a continuous one, a mass M < M, would never
aﬁ ¢, hecause~the pormalequilibzium State 4Ty, without
tho uCeg:rS \g{aﬁ:@f@c se, as far
as we know, it is not ach, we must conclude that the
condensed and non-condensed states are separated by some
unstable states in the same manper as a liquid and its vapour
are, a property which could be easily explained by some kind
of nuclear attraction. This would lead to the existence of
a nearly discontinuous boundary between the two states. -
The theory of stellar structure founded on the above con-
siderations is yet to be constructed, and only such a theory
can show how far they are true.

February 1931, Zurich.

VL. Loudanund R Peierls, ZS L Phys. 69. 56, 1151




Now Is era of the standard model!

Quark flavors in the standard model of particle physics

three generations of matter
(fermions)

| e X P e 1
-1|;1:~.'~I =2.4 MeV/c? . =1.275 GeV/c? =172.44 GeV/c? ] © =125.09 GeV/c?
charge | 2/3 VJB 2/3 | 0
spi ]I 1/2 u / 142 6C 1/2 t | & 0 H
® \ 1 .
: up A ¢ top I gluon l Higgs
I \ I
I =4.8 MeV/c? = e ~4.18 GeV/c? l'o
I -1/3 d A -1/3 l o Y
| 2 1/2 11 "
: down range * bottom | oton l
I |
(%0511 Mev/c2 ) | ~105.67 Mev/c2 ) _1_?76_8 Gevier . % [~o1.19 Gev/c?
-1 -1 -1 0
1/2 e 1/2 l-l- 1/2 T 1 Z/
electron muon tau Z boson I
<2.2 eV/c? <1.7 MeV/c? <15.5 MeV/c? =80.39 GeV/c?
0 0 0 +1
1/2 Ve 1/2 vl.l 1/2 VT 1 \A/I
electron muon tau o )
neutrino neutrino neutrino W boson wikipedia.org
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Now Is era of the standard model!

“What's a proton? What’s a neutron?

°d Usa
ud wu
'Sdsud

p={v7d's’}

>q Usd

dd U T
Sdsud

n={uld2s0}

A perturbative calculation of quantum chromodynamics
(QCD) may predict a nucleon sea with light-flavor symmetry,
but the observed flavor asymmetry in the light-quark sea
would be the result of the non-perturbative nature.

Strangeness and Hadron Structure
John Ellis®

*Theoretical Physics Division, CERN
CH - 1211 Geneva 23

The nucleon wave function may contain a significant component of ss pairs, according
to several measurements including the m-nucleon o term, charm production and polariza-
tion effects in deep-inelastic scattering. In addition, there are excesses of ¢ production
in LEAR and other experiments., above predictions based the naive Okubo-Zweig-lizuka
rule, that may be explained if the nucleon wave function contains a polarized 5s compo-
nent. This model also reproduces qualitatively data on A polarization in deep-inelastic
neutrino scattering. The strange component of the proton is potentially important for
other physics. such as the search for astrophysical dark matter.

CERN-TH/2000-112 hep-ph/0005322




*Neutron star? Strange Quark star? Strangeon Star?
rS ~_pQCD? NQCD?

Symmetry dictates interaction |
---- C. N. Yang (1980)

Strangeonil

matter
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Three Arguments to Strangeon Star

Coupling constant.og (E)

0.4
0,3
0.2
0,1
0,0 AL "1 ]
1 2 5 10 20 S0 100 200
) Energy, GeV
Lev Davidovich Landau Edward Witten Strong-coupling QCD
(1908-1968) (1951-) (1973-)
e/‘/&whw/péy WW—W JV&W@W@
\ Proton Star? Symmetry Energy? Nucleons in Nucleus? J

strang%on star
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SRIERDER: A /7t

5(1-Q) = 0
5QIQ = - 51/

Glitch amplitude:
00/ ~ 107, ...107...

Glltches
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SRIBAOBR: 1%/ Fhe

-Quake-Induced release of free energy

R 2
Estored ~ GM 1053 A_R ergS
R R
— AR

for M ~ Mg
AXP/SGRs (flares, even superflares), GRBs, FRBs...
magnetars vs. strangeon stars?

+Selsmological feature: a series of quakes?

E. T. Herrin & V. L. Teplitz (1996 PRD)
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RANTF B ) B R T AR S, R A%
5% B FEAZT (p/n) Mk, 1272 10fm.

“F w44 EAH (gigantic nucleus ) % ?
LandauT 1932zt e a: +F £

SRR F ZOAEARTRET, WA
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THANKS!
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