. WISER

Waerld Institute for
Space Environment Research

Probing astrophysical turbulence

via International collaboration

National Institute for Space ReseareiNPE, Brazil
Paris Observatont ESIA, France
CaltechCahill Center for A&A, USA

Collaborators:

Axel Brandenburg (NORDITA, Sweden)
Kaifeng He (Beijing Normal U., China)
Rodrigo Miranda (ITA, Brazil & Chile) R _FapESP
Pablo Muinoz (lNPE, Brazil & Chlle) :25%'5.“5553:32‘.‘?23331 8.9, 2011
Michael Proctor (U. Cambridge, UK)
Erico Rempel (ITA, Brazil) _ _
Michio Yamada (Kyoto U., Japan) www.cea.inpe.br/wiser




World Institute for
Space Envirenment Researeh

. WISER

Especiails

Esqueleto da turbuléncia

04/07/2011

Por Fabio de Castro

Pesquisadores brasileiros identificam

as estruturas coerentes que formam o

Agéncia FAPESP - Dois estudos liderados por pesquisadores

“esqueleto” dos fluxos turbulentos.

T ) D N P P brasileiros e publicados na revista Astrophysical Journal Letters

Astrophysical Journal Letters (Foto: ~ identificaram as estruturas coerentes que formam o “esqueleto”

Chian/Rempel) da turbuléncia.
Imprimir ~ Enviar por e-mail Embora a turbuléncia seja um fenomeno que se caracteriza pela
Compartilhar: movimentacao cadtica das particulas de um fluido, existem
URL: agencia.fapesp.br/14116 técnicas capazes de identificar estruturas coerentes, permitindo a

previsao desses movimentos.
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Intermittent turbulence

Sunspot cycles: intermittency X-ray solar image: turbulence

400 Years of Sunspot Observations
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Time series displays random regime switching between laminar periods obsnmiliude fluctuations
and bursty periods of laregmplitude fluctuations

Probability distribution function (PDF) displays a r@Gaussian shape (fadils and sharp peak) due to
an excess of largand smaHamplitude fluctuations at small scales

Power spectrum displays a powaw behavior indicative of multiscale interactions in energy casca

Image displays localized regions of clustering related to coherent structures

Ref. Bohr et al. (1998): Dynamical systems approach to turbulence (Cambridge U. Press)
Brandenburg & Spiegel, AN (2008): Butterfly diagram =>-0ff intermittent solar dynamo
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A Simulation of turbulence in a stellar dynamo

A Theory of turbulence in fluids & plasmas
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DETECTION OF CURRENT SHEETS AND MAGNETIC RECONNECTIONS AT THE TURBULENT
LEADING EDGE OF AN INTERPLANETARY CORONAL MASS EJECTION

ApraHAM C.-L. CHian'* anp PapLo R. Muoz?
! California Institute of Technology, Pasadena, CA 91125, USA
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ABSTRACT

The relation between current sheets, turbulence, and magnetic reconnections at the leading edge of an interplanetary
coronal mass ejection detected by four Cluster spacecraft on 2003 January 21 1s studied. We report the observational
evidence of two magnetically reconnected current sheets in the vicinity of a front magnetic cloud boundary layer
with the following characteristics: (1) a Kolmogorov power spectrum in the mertial subrange of the magnetic
turbulence, (2) the scaling exponent of structure functions of magnetic fluctuations exhibiting multi-fractal scaling
predicted by the She-Leveque magnetohydrodynamic model, and (3) bifurcated current sheets with the current
density computed by both single-spacecraft and multi-spacecraft techniques.

Keywords: magnetic reconnection — plasmas — shock waves — solar wind - Sun: coronal mass ejections (CMEs) -
turbulence



Current sheets & Kolmogorov magnetic turbulen
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Turbulence: intermittent, norGaussian & multifractal
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Figure 2. Scale dependence for three different timescales (¢ = 2 5. 200 =, and
2D =0 of Figures 1 (ad The normalized magrnetic-Acld two-point diffcmenocoes
AF. b The probability density function f PIDEF ) of AR, supsrpossd by a Gaussian
PIOF { cormange linee). (o) Scaling exponent & of the prth-order strmacioar: funchon
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Magnetic reconnection: current sheets & jets
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Figure 3, Detection of magnetic reconnections at the leading edge of ICME associated with the current sheets SB1 and SB2 (magenta). |B| (nT) is the modulus of
magnetic field (enlargement of Figure 1(b)); [V] (km s~ !} is the modulus of the observed plasma velocity (black) and the plasma velocity (orange) predicted by the
magnetic reconnection theory of Sonnerup et al. (1981); |J| (nA m™2) is the modulus of current density computed by the multi-spacecraft curlometer technique of
Dunlop et al. (2002).
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LAGRANGIAN COHERENT STRUCTURES IN NONLINEAR DYNAMOS
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ABSTRACT

Turbulence and chaos play a fundamental role in stellar convective zones through the transport of particles, energy,
and momentum, and in fast dynamos, through the stretching, twisting, and folding of magnetic flux tubes. A
particularly revealing way to describe turbulent motions is through the analysis of Lagrangian coherent structures
(LCSs), which are material lines or surfaces that act as transport barriers in the fluid. We report the detection of LCSs
in helical MHD dynamo simulations with scale separation. In an Arnold-Beltrami—Childress flow, two dynamo
regimes, a propagating coherent mean-field regime and an intermittent regime, are identified as the magnetic
diffusivity is varied. The sharp contrast between the chaotic tangle of attracting and repelling LCSs in both regimes
permits a unique analysis of the impact of the magnetic field on the velocity field. In a second example, LCSs reveal
the link between the level of chaotic mixing of the velocity field and the saturation of a large-scale dynamo when
the magnetic field exceeds the equipartition value.

Key words: chaos — dynamo — magnetohydrodynamics (MHD)
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Fiz. 2.— Dwnamics uf_é‘,‘., the ry—average of the By component of the magnetic field. (a) Space—time evolution of E‘H {upper
pan=l), the time series of By at 2 = 0 (mid panel] and the spectral entropy Smié) (lower panel) for n = 0.01. The space—time patterns

of the mean feld E‘H display characteristice of a travelling—wave dynamo. (b)) Same as (a) but for n = 0.05, displaying an intermittent
dynamc.
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(b)

n=0.05
(c)

Figure 4. Enlargement of the rectangular areas in Figure 3. (a and b) The velocity field and Lagrangian coherent structures for n = 0.01. (¢ and d) Same as (a) and (b)
but for n = 0.05.









