
PROF. ANNA WATTS (UNIVERSITY OF AMSTERDAM)

NEUTRON STAR OBSERVATIONS AND 
EXTREME MATTER PROPERTIES

LECTURE 1 – INTRODUCTION 



Image: Robert Gendler



"I am afraid neutrons will not be of any use to anyone.”
James Chadwick - their discoverer



" “With all reserve we advance 
the view that a super-nova 

represents the transition of an 
ordinary star into a neutron star, 
consisting mainly of neutrons. 
Such a star may possess a very 
small radius and an extremely 

high density.”



“With the designation “neutron star” we do not wish to imply, however, that 
such a star is to be regarded as a giant nucleus composed of separate 

neutrons of precisely the same character as free neutrons.”

"The fascinating problem now presents itself of investigating how certain well-
known physical processes, such as nuclear reactions, will be modified when 

they take place inside of highly collapsed stars in which the very properties of 
time and space are drastically altered."

Zwicky,  ApJ, 
November 1938
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“...upon entering the faculty, each student was 
issued a set of tools: a pair of pliers, a pair of long-

nose pliers, a wire cutter, and a screwdriver...” -
Jocelyn Bell























Ransom et al.PSR J0030+0451
Bilous et al. 2019





Figure: Watts etal. 2016







S M A L L  M A G N E T A R  B U R S T S

Fermi GBM bursts from SGR 0501+4516 (Huppenkothen et al. 2013)







ACCRETING PULSARS
Wijnands & van der Klis 1998 





XTE J1814-338, Watts et al. 2005



Figure: Watts et al. 2016





Some typical thermonuclear X-ray bursts: Galloway et al. 2008
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The X-ray burst mechanism



Bildsten 1998

The X-ray burst mechanism



The discovery of ‘burst oscillations’

Strohmayer et al. 1996



Relation to spin frequency

Watts et al. 2009

Spin frequency

Drifting hotspot(s)





THE NEUTRON STAR INTERIOR

Figure: Watts et al. 2016
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Stable strange matter?



Figure: Adapted from Ray et al. 2019

FROM NUCLEAR PHYSICS TO TELESCOPE


