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Magnetized dense nuclear matter... 
far far out there
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Sheldon Glashow’s Ouroboros

From www.egyptiantoursportal.com 
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http://www.egyptiantoursportal.com/


2024/05/03

2

Ouroboros

By Microsoft Designer; ouroboros, neutron star, nuclei, connection
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Neutron stars

Where nuclear physics 
meets unclear physics
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The sun
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A sun
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Crab Nebula
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Crab pulsar
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Little Green Men in 1967?
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Pulsars in general
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In comparison...
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Size comparison

Credits: Google and ESA
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Neutron star matter

= 500 000 000 000 kg

|-------------------------------------------------| 
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Compact objects
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Gamma-Ray Bursts

Credit: https://www.mpe.mpg.de/1048427/CompactObjects

Credit: University of Warwick/Mark Garlick, from here

Credit: NASA/Swift/Cruz deWilde

NS merger

NS collapse
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GW170817

• Observed 7 August 2017 
by LIGO and Virgo GW 
detectors

• Inspiralling neutron stars
• Follow-up observations in

§ Gamma-ray
§ X-ray
§ UV
§ Optical
§ IR
§ Radio

By LIGO Scientific Collaboration and Virgo Collaboration
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https://www.mpe.mpg.de/1048427/CompactObjects
https://www.theweek.in/news/sci-tech/2023/11/06/what-is-a-kilonova-explosion-that-could-end-all-life-on-earth.html
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GW170817

Observation are used to
• Constraint EoS of dense nuclear matter

§ Tidal deformation ∝ induced mass quadrupole.
• Measure Hubble constant

§ Standard siren vs standard candle
• Compare heavy-ion collisions measurements 

and data
§ Hot nuclear matter and afterglow

• Nucleosynthesis
§ Spectral analysis
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Confirmation of 𝑟-process site

• 𝑟-process: rapid neutron capture to form heavy 
elements

• Uncertainty of the astrophysical site
§ (Core-collapse) SN 
§ NS mergers 
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Confirmation of 𝑟-process site

Credit: Wikipedia: Cmglee; Data: Jennifer Johnson (OSU)
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Equation of state

Burgio et al, Progress in Particle and Nuclear Physics 120 (2021) 103879

• 𝑃(𝜖)
• Stiffness: behaviour 

as function of density
• Input to NS model
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https://en.wikipedia.org/wiki/Wikipedia
https://commons.wikimedia.org/wiki/User:Cmglee
https://astronomy.osu.edu/people/johnson.3064
https://astronomy.osu.edu/
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Neutron star model

Core: dense nuclear 
matter

Inner crust: transition

Outer crust: Nuclei in 
crystalline lattice. 
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Equation of state

Credit: F. Weber, Prog. Part. Nucl. Phys. 54 (2005)
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Nuclear equation of state

Credit: J Piekarewicz, arXiv:2403.16154v1 
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Nuclear equation of state

Credit: J Piekarewicz, arXiv:2403.16154v1 
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https://arxiv.org/abs/2403.16154
https://arxiv.org/abs/2403.16154
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Magnetised neutron star model

Magnetic field 
• External

§ “Outside” of modelled 
NS part

• Internal
§ Generated by or
§ Fossilized 
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Magnetised neutron star model

• Magnetic field, 𝑩, not generally included
§ Coupling strengths are small 𝜇! ∝

"
# ≪ 𝑚 

• BUT
§ 𝑚 is rest mass, not effective mass
§ To be compared to *product* of dipole moment and 

magnetic field:  𝑔!𝐵

• Density dependence of 𝑚 and 𝑔! not known. 
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Magnetised matter 

Fundamentally different from unmagnetised 
systems

1. Neutral particles’s spin is explicitly included
2. Charged particle lose fermion characteristics 

in directions parallel to 𝐵
3. Pressure in magnetised matter is not isotropic
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Magnetised matter 

• Magnetised 𝑛, 𝑝, 𝑒 and 
𝜇 matter

• Magnetised hyperon 
matter
§ Heavy baryons
§ Λ, Ξ, Σ

Credit: F. Weber, Prog. Part. Nucl. Phys. 
54 (2005)
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Onset of hyperons

/𝜌" 𝜌

/𝜌 𝜌#
Tolos et al. The Astrophysical Journal, 834:3 (15pp), 2017 January 1 
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With magnetic field…

Onset of Λ$-hyperon as function of magnetic 
field and dipole moment
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Magnetars

• *Highly* magnetized neutron stars
• Fast Radio bursts

§ Extra-galactic, 
§ High energy, 
§ Lasting for milliseconds to seconds, as
§ Repeating and non-repeating sources.

Thetakelv on gifer.com
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Magnetars

• *Highly* magnetized neutron stars
• Fast Radio bursts

§ Extra-galactic, 
§ High energy, 
§ Lasting for milliseconds to seconds, as
§ Repeating and non-repeating sources.

o Lasting for milliseconds to seconds.

o When detected on earth the signal is 1000 fainter than a 
cell phone on the moon.

Thetakelv on gifer.com
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Telescope for B??
• The Hydrogen Intensity and Real-time Analysis 

eXperiment (HIRAX) 
§ radio telescope array,
§ frequency range of 400 to 800 MHz,
§ SKA technology demonstrator, but also
§ Cutting-edge science instrument in own right.

PARTNERS
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HIRAX outriggers

To learn more about FRB we need to follow-up
• Location of source
• Better Angular resolution
• Distributed telescopes

34



2024/05/03

18

HIRAX outriggers
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BIUST campus

• Low frequency interferometer on campus
§ Funding committed
§ MoA to signed before mid-2024
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BIUST campus

• Low frequency interferometer on campus
§ Funding committed
§ MoA to signed before mid-2024

• SKA-mid dish as well
§ Breaking ground by Oct 2024

https://www.skao.int/en/explore/telescopes/ska-mid 
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Conclusions

• EoS of dense matter still 
unknown.
§ Many specialized 

investigations
§ Data not limited to initial 

intention.

• Nuclear and neutron 
physics still very 
relevant.
§ Nuclei and nuclear matter 

fundamental d.o.f. for 
significant density range.

P. Horálek & J. C. Casado / ESO
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https://www.skao.int/en/explore/telescopes/ska-mid

