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Maximum observed and expected degree of polarisation
Radio

galactic continuum 70%
quasars (integrated / resolved) 15% / 70%
Crab nebula 30%
pulsars (linear / circular) 80% / 70%

Optical
planets > 20%
interstellar dust acting on starlight (linear) 10%
interstellar dust acting on starlight (circular) 0.05%
Sun and Ap stars (Zeeman effect) 100%
white dwarfs (Zeeman effect) 12%
symbiotic stars (Raman scattering) 8%
reflection nebulae (including Herbig–Haro and bipolar 60%
post–AGB stars and proto–PN (global polarisation) 30%
synchrotron (Crab nebula, blazars) 50%
synchrotron (extragalactic jets) 20%
Crab pulsar 10%

X–ray (mainly ’expected’)
solar flares 5%
Crab nebula 15%
accreting X–ray pulsars 80%
rotation–powered X–ray pulsars 10%
black hole (Lense–Thirring effect Cyg X–1) 2%
active galactic nuclei 20%
Seyfert accretion disc reprocessing 5%

γ–ray (’expected’)
pulsars 100%
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Scientific impact

Study the emission physics of the neutron star magnetosphere and
track the particle energy/density distribution

Fν ∝ ν−α

Study the polarisation properties of the magnetosphere/atmosphere

Study the emission geometry of the multi-wavelength radiation

Determine the thermal map on the INS surface (anisotropies) and
study the decay of cooling curve for ages > 1 Myr

Study Giant Pulses, so far only detected in radio and in the optical

Giant Optical Pulses observed from the Crab pulsar (Shearer et al.
2003) linked in time with Giant Radio Pulses (coherent vs. incoherent
radiation)

Investigate the presence of debris disks
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H–R diagram for pulsars (P–Ṗ)
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10-22

10-20

10-18

10-16

10-14

10-12

10-10

 0.001  0.01  0.1  1  10  100

P
er

io
d 

de
riv

at
iv

e 
[s

/s
]

Period [s]

VelaCrab

10
3  yr

10
4  yr

10
5  yr

10
6  yr

10
7  yr

10
8  yr

10 10
 G

10 11
 G

10 12
 G

10 13
 G

10 14
 G

10 15
 G

10
31

10
33

10
35

10
37RADIO

HE
NRAD
RRAT

BINARY
AXP

FERMI

A. Słowikowska (IA UZ) Polarimetry of neutron stars May 2012 4 / 22



The 2nd Fermi Large Area Telescope gamma-ray
Pulsar Catalog (2PC)

https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars
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UV, O, IR observations of pulsars

10 PSRs identified, plus 2 candidates, mostly in the optical, 8 also in the nUV and 6 also in the nIR,

low-res spectroscopy for 5 PSRs only
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The Crab nebula
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Pulsar polarimetry
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Phase resolved Crab pulsar polarimetry
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PSR B0540–69
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Vela
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Circular polarisation of magnetar 4U 0142+61

The first imaging circular polarimetry of the
anomalous X-ray pulsar (AXP) 4U 0142+61
at optical wavelengths

4U 0142+61 is the only magnetar that has
been well studied at O and IR

Observations: 8.2-m Subaru telescope with
FOCAS at I-band

Results: V = 1.1±2.0%, or |V | ¬ 4.3%
(90% confidence), large uncertainty is due to
the faintness of the source (I = 23.4–24.0)

Not sufficiently conclusive to discriminate
the models

Future: linear polarimetry (strong expected)

Wang et al. 2012
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Pulsar radio beam

α – an inclination angle of the magnetic
dipole with respect to the rotation axis
β – the minimum angle between an
observer’s line of sight and magnetic axis
(impact angle)
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Rotation Vector Model (RVM)

tg(Ψ− Ψ0) =
sinα sin(φ− φ0)

sin(α + β) cosα− cos(α + β) sinα cos(φ− φ0)

Radhakrishnan & Cooke 1969

Relativistic modification to the RVM – Blaskiewicz, Cordes, Wasserman 1991, Dyks et al. 2008
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RVM fit

! = 30, " = -1.7 

! = 86, " = -3.2 

RVM fit in 
alpha-beta 
space 

RVM is a useful tool and geometry is crucial for testing models of radio emission. Now with 100+ γ-ray pulsars knowledge of

the geometry is even more crucial! In practice, hard to constrain (Johnston 2012).
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Profile polarisation

Use polarisation and proper motions
to determine the alignment between
the velocity vector and the rotation
axis. (Johnston et al. 2005, 2007,
Rankin et al. 2008, Noutsos et al.
2012, Weisberg et al. 2020)
In summary: There is an alignment
between the rotation axis and the
velocity vector – pulsars emit in both
normal and orthogonal modes.
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Linear polarisation fraction vs. Ė

Abrupt transition between from low to high polarisation states around Ė of 1034.5 (Weltevrede & Johnston 2008).
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E–ELT timing
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E-ELT polarimetry
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High Time Resolution Astrophysics detectors
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GASP and OPTIMA

GASP – Galway Astronomical Stokes
Polarimeter

Andy Shearer (NUI,Galway)

OPTIMA – Optical Pulsar TIMing
Analyzer

Gottfried Kanbach (MPE, Garching)
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E-ELT

A. Słowikowska (IA UZ) Polarimetry of neutron stars May 2012 22 / 22


