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CSQCD IX: August 1-5 2022, Banff, Alberta, Canada

HOME INFORMATION PROGRAM ATTENDING ORGANIZERS

CSQCD has brought together, for over 20 years, QCD physicists (working on phases of quark matter)
astrophysicists working on compact stars. Over the last two decades, the two communities learned fr
other and collaborated on novel theoretical and experimental avenues to explore the QCD phase dic
The Banff meeting will focus on recent explorations of the quark-gluon phase using colliders {e.g: RH
LHC) and on the renewed interest on neutron and quark matter in astrophysics, particularly in the gr
wave era.

The proceedingshave now been published in the ‘Journal of Physics: Conference Series’ (IOP Pub
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What )S the Ilatlll'e Of pulsars ? Compact stars in the QD phast

Scientific Organizing
/0 / Committee:
M. Alferd (Washington,USA

Wroclaw,Pola
|. Bombaci (Pisa,ltaly)

/ 2. Casalbuoni (Florence, Itz
Q . T. Chao (PKU,China)

5. Cheng (HKU China)
r C. S. Gao (PKU,China)
Iy . Gatto (Switzerland)
/ co J. E. Horvath (IAG-Usp,Br:

. Iwazaki (Nishogakusha.,.
W, A\ E . L. Jaffe (MITUSA)
\\ L . Jaikumar (Chennai,India

(. D Ji [rlary\ijSA)
e P\ |

AN A big challenge I

a (. Z. Qran rHlnnesnta_U‘:
N ‘\ -
%

M. Ruggieri (Bari, Italy)
\ J. Wambach (Darmstadt,Gi

]
F
F. Wilc:
F
Y

Core- collapse SUpernovae:

., N LE i QE—

0




Cosmic energy-scale: the stars

*The strong Interaction matters for stars!

M GMmy. M
EFE(M)=c— 4+ F, ~ (¢ —

(M) S T E (e T )mu
R ~ T 1.5 km

~

&~ keV = R ~ 10° m: Main-sequence
&~ MeV = R ~ 10° m: White dwarf

CSQCD ¢~ 10°MeV = R ~ 10°> m: Neutron S.
focuses on NS | - x=R—0:Black hole
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Cosmic energy-scale: the stars

*so... what’s the consequences of scale of ~ 102 MeV?

Non-perturbative QCD: free quarks?atomic nuclei@p=0)

Strangeness matters here: three{uds}-flavours...

It IS convenient to take advantage
of a triangle diagram!
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Cosmic energy-scale: the stars
-Neutron star? Strange quark S.? Strangeon s.?

Symmetry dictates interaction ,
-- C. N. Yang (1980) r'

proton neutron

{uud} ,' {udd}

nL ndav (193A p

strange, -1/3
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Cosmic energy-scale: the stars

«Strangeon star model was proposed > 20 years...

THE ASTROPHYSICAL JOURNAL, 596:1.59-1.62, 2003 October 10

© 2003. The American Astronomical Society. All rights reserved. Printed in U.S.A.

SOLID QUARK STARs? = Strangeon star?

R. X. XU
School of Physics, Peking University, Beijing 100871, China
Received 2003 July 9; accepted 2003 August 22; published 2003 September 15

ABSTRACT

It is conjectured that cold quark matter with very high baryon density could be in a solid state, and strange
stars with low temperatures should thus be solid stars. The speculation could be close to the truth if no peculiar
polarization of thermal X-ray emission (as in, e.g., RX J1856) or no gravitational wave in postglitch phases are
detected in future advanced facilities or if spin frequencies beyond the critical ones limited by r-mode instability
are discovered. The shear modulus of solid quark matter could be ~10** ergs cm™ if the kilohertz quasi-periodic
oscillations observed are relevant to the eigenvalues of the center star oscillations.

Subject headings: dense matter — elementary particles — pulsars: general — stars: neutron

1. INTRODUCTION 2. CAN QUARK MATTER BE SOLID?
_ . There are virtually two ingredients that affect the formation
The gauge theor_y Ot? strong 1interaction, quantum_chromo— of the quark cluster in quark-gluon plasma: Pauli’s exclusion
dynamics (QCD), is still developing; nevertheless, it is well principle and interactions. Suppose we “turn off” the interactions

lrinAxrrim ta lhavra tyxra cvanaral mranartiacs aotmantatico frasdana ot ~ —
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Strangeon matter: from stars
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Strangeon matter: from stars

-My talk in CSQCD4: 2014..
On the status of the world’s

largest radio telescope FAST

(F ive-hundred-meter Aperture Spherical radio Telescope)

Renxin Xu
School of Physics, Peking University
(4L 3 2 3 937 T o)

Compact Stars in the QCD phase diagram (CSQCD IV)
Sept. 26 - 30, 2014; Prerow, Germany
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Strangeon matter: from stars

‘Now, FAST plays an essential role! 1 ing since 2019...
\ himst FRB (poln L/V), ~1/3 of radio pulsars /

'H'v\v*rrvnvnvu

Fig. 1 Panoramic view of FAST (obtained in June of 2017).
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Strangeon matter: from stars

ANy 2 Y : S
Symmetry respect to

- | the meridian-plane!
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Strangeon matter: from stars

COVER PICTURE

1 Free Access

Cover Picture: Astron. Nachr. 2/2024
Zhengli Wang, Jiguang Lu, Jingchen Jiang. Shunshun Cao, Weiyang Wang, [
249012 | First Published: 24 March 2024

It has been proposed that the
: matter could be ‘an’, strangec
NOtes o iy nucleons but with negative st
strangeon star should not hay
be covered with small hills (‘zi
: spots in this schematic illustre
tocsbor O WA, . oo, - pulsar surface might be respc
R T e magnetospheric activity and the mysterious coherent
radio emission, as discussed in the contribution by Xu
and Wang, this issue, p. e230153. Zits may also be
responsible for the significantly non-symmetrical
sparking discovered in the 110-min polarization
observation of pulsar PSR B0950+08 targeted with
China's Five-hundred-meter Aperture Spherical radio
Telescope, FAST. Details can be found in the
contribution by Wang et al., this issue, €240010.

astronomical

Fowndad by M ([ Sohamacher @ 1
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Strangeon matter: from stars
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Strangeon matter: from stars

-Strong particle-binding and “zits” on PSR surface

- — PSRB0943+10 (5 ©
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Strangeon matter: to Nuggets

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.
sical methods usually applied in attacking
ar 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
rbitrary L and M, the fundamental equa-
S 1sisting 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 & disappears from the relation
necessary for regularity of the solution.
mptions about the opacity would lead
be n L, M and R, which xolatleould be

I_;%Yup \1_ nﬂ'auga.l criticisms put for
on S man Tinosity - relation.

genel
looke
assun
whicl

sﬁig@ge;&@ﬁe to try to attack the plubl(,m of stellar™
\fruct of thceoretical physics, to investi-

gate the physical nature of stellar cquilib HﬂVB’cﬁ?
pm'pose we must at first investigate the statisticdl

of a given mass without gencration of energy, the condition
for \\:hich equilibrinm 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

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 star\ Indeed w_e_lms.Lahn;cs_pmmns_an.d
and they do
not annihilate themsel\'es; 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 comtinuous- rays -spectra and also

mudc 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-

these general lines we can try to develop a theory

of, r structure. The central region of the star must con-
sist @f a core of highly condensed‘matter, surrounded by
mat@lr in ordinary state. If the transition between these two
statd® werg a continuous ong, a mass M < Mo W ou]d never

BRELCLS LI TIIGR

as we know, it is not > we must conclude that the

condensed n- condens states by some
te‘sA‘fhe Hg ts vapour
a perty w i'ch sn]v €1 ed by*some kind

of nudear attraction. I‘hls \\ou]d lead to the existence of
a nearly discontinuous boundary hetween 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.

Cebruars Uty Zusich.

i 5% u-l anund R Peierts, 7S L Phys. 69. 56, 1151




Strangeon matter: to Nuggets

*Huge mass-gap for condensed matter bound by the
strong force (strong matter)!

A mass-spectrum speculated:

Strong ____
Matter

A ~100-2 A~10°7

Really? we argue that the mass-gap would narrower
considerably If Nature favors flavour symmetry!
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Strangeon matter: to Nuggets

A world conjectured in the “old” gh ySICS:

stgndard model of particle physics
electric, strong, and singular rl
(condensed matter power off, without energy supply)

Wau et al. (2024), Xu (2024) ~ log[R/cm]
-32 21 -6 1 5
T Dark Sector?; > +o0
Hole ;
Strong __13 ;&:_10? _7§ -3 2z 4 6
Matter 2f: 2 ‘ 3 5
/& F / £
- = | B
Electric (= E - gj;
i Vlslble Matter %
2
0 2 4= 19 30 45 32 57 log[m/GeV]
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Summary

‘\We proposed that pulsar-like compact stars are
strangeon stars If Nature really loves symmetry,
and with FAST’s polarization observation, non-
symmetric sparking Is found, which could imply
hills on the surface of strangeon star.

-Strangeon nuggets with baryon number A>10°°
could exist, to be manifested in the form of
“dark” matter, but it is challenging to detect.

-Let’s test the model further with FAST and...
THANKS!
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