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The Polarisation Gradient
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Snakes in the Plane
Gaensler et al. (2001, 2011)

› Mottled morphology of P ≣ Q + iU
due to fluctuations in foreground RM
as function of sky position
› Structures that induce these
fluctuations can be revealed through
gradient of linear polarisation:
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- cusps/jumps in foreground electron
density or magnetic field
› Similar structures seen in simulations;
produced by shocks, vortices, shear
(Burkhart, Lazarian & Gaensler 2012;
Iacobelli, Gaensler et al. 2014)

- direct visualisation of interstellar
turbulence

|∇P| for MHD simulations and observations
(Haverkorn & Heitsch 2004; Gaensler et al. 2011)
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Are We Sure It’s Turbulence?
› For P = Q + iU and 𝓅 = |P|, compute structure functions:
SFP(dx) ≡ ⟨|P(x) – P(x + dx)|2⟩

SF𝓅 (dx) ≡ ⟨|𝓅(x) – 𝓅(x + dx)|2⟩

- for intrinsic polarisation, no correlation between intensity and angle
→ SFP(dx) and SF𝓅(dx) should be power laws with same slopes
- for Faraday rotation, anti-correlation between angle fluctuations and intensity
→ SFP(dx) and SF𝓅(dx) should be power laws with different slopes

Sun, Gaensler et al. (2014)

Quantitative Investigations

Observed data

Gaensler et al. (2011)

Wide-Field Polarimetry
2.4 GHz all-sky polarisation gradient (Iacobelli, Gaensler et al. 2014)
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2.4 GHz polarisation gradient (Iacobelli, Gaensler et al. 2014)
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supersonic?
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Fig. 3. Distributions of the |∇P|/|P| intensity of the masked map at four
ranges of Galactic latitude (|b|). Statistical errors in each intensity bin
are also shown.

seen with mean value of the normalized polarization gradient
gradually decreasing towards the outer region. Towards the anticentre (i.e. l ! 240◦ ), no relevant diﬀuse emission is detected and
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emission is roughly approximated by a log-normal distribution,
with deviations towards small |∇P|/|P| fluctuations. A lognormal distribution is expected for pure density perturbations in
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› Gradient of polarisation can:
- directly visualise turbulence in diffuse gas
- give quantitative info on turbulent parameters

Lemaster & Stone (2009)

› Work in progress:
- frequency-dependence of ∇P (Purcell +2014)
- comparison of ∇P & ∇RM (Geisbuesch+ 2014)
- additional geometric diagnostics (Herron+ 2014)
- low frequencies → local structure (Lenc+ 2014)

Gaensler et al. (2011)

› Galaxy is suffused with ∇P filaments
- loci of cusps & edges in foreground ne or B
- stochastic network of turbulence & shocks
- morphology & moments → sonic Mach number
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Conclusions

