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Comments on yesterday’s exerciseComments on yesterday’s exercise

• Saturation slower for 
smaller eta ( fluxes)

• Higher resolution
– Larger growth rate
– Similar saturation
– Theoretical prediction ok
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Simulations of theSimulations of the
solar dynamo?solar dynamo?

• Tremendous stratification
– Not only density, also scale height change

• Near-surface shear layer (NSSL) not resolved
• Contours of Ω cylindrical, not spoke-like
• (i) Rm dependence (catastrophic quenching)

– Field is bi-helical: to confirm for solar wind

• (ii) Location: bottom of CZ or distributed
– Shaped by NSSL (Brandenburg 2005, ApJ 625, 539)
– Formation of active regions near surface
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Standard dynamo waveStandard dynamo wave

Differential rotation
(faster inside) Cyclonic convection;

Buoyant flux tubes
Equatorward

migration

New loop

  α-effect



Brun, Brown, Browning, Miesch, ToomreBrun, Brown, Browning, Miesch, Toomre
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Brown et al. (2011)ASH code: anelastic

spherical harmonics
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• Cycle now 
common!

• Activity 
from bottom 
of CZ

• but at high 
latitudes

Ghizaru, Ghizaru, 
Charbonneau, Charbonneau, 

Racine, …Racine, …

Racine et al. (2011)



PencilPencil
codecode

• Started in Sept. 2001 with Wolfgang Dobler
• High order (6th order in space, 3rd order in time)
• Cache & memory efficient
• MPI, can run PacxMPI (across countries!)
• Maintained/developed by ~80 people (SVN)
• Automatic validation (over night or any time)
• 0.0013 µs/pt/step at 10243 , 2048 procs
• http://pencil-code.googlecode.com

• Isotropic turbulence
– MHD, passive scl, CR

• Stratified layers
– Convection, radiation

• Shearing box
– MRI, dust, interstellar
– Self-gravity

• Sphere embedded in box
– Fully convective stars
– geodynamo

• Other applications
– Chemistry, combustion
– Spherical coordinates
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Dynamo wave from simulations K
apyl a et al  (2012 )



Type of Type of 
dynamo?dynamo?
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• Use phase relation

• Closer to α2 dynamo

• Wrong for αΩ dyn.

Mitra et al. (2010)

Oscillatory α2 dynamo 
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Calculate full Calculate full ααijij and  and ηηijij tensors tensors

• Imposed-field method
– Convection (Brandenburg et al. 1990)

• Correlation method
– MRI accretion discs (Brandenburg & Sokoloff 2002)
– Galactic turbulence (Kowal et al. 2005, 2006)

• Test field method
– Stationary geodynamo (Schrinner et al. 2005, 2007)

JBU
A ε η−+×=

∂
∂

t
buε ×=

jijjijj JB *ηαε −=

turbulent emf

α effect and turbulent
magnetic diffusivity
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Calculate full Calculate full ααijij and  and ηηijij tensors tensors
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t
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Original equation (uncurled)

Mean-field equation

fluctuations

Response to arbitrary mean fields 
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Test fieldsTest fields
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Validation: Roberts flowValidation: Roberts flow
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Test-field results for Test-field results for αα and  and ηηtt  
kinematic: independent of Rm (2…200)kinematic: independent of Rm (2…200)
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RRmm dependence for B~B dependence for B~Beqeq

(i)   is small  
consistency

(ii)  1 and 2 tend to cancel
(iii)  making  small
(iv)  2 small
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Small-scale vs large-scale dynamoSmall-scale vs large-scale dynamo
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Low PrLow PrMM issue issue

• Small-scale dynamo: Rm.crit=35-70 for PrM=1  (Novikov, 
Ruzmaikin, Sokoloff 1983)

• Leorat et al (1981): independent of PrM (EDQNM)

• Rogachevskii & Kleeorin (1997): Rm,crit=412

• Boldyrev & Cattaneo (2004): relation to roughness

• Ponty et al.:  (2005): levels off at PrM=0.2
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Re-appearence at low PrRe-appearence at low PrMM

Iskakov et al (2005)

Gap between
0.05 and 0.2 ?

most rough
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Low PrLow PrMM dynamos dynamos

with helicity do workwith helicity do work
• Energy dissipation via Joule
• Viscous dissipation weak
• Can increase Re substantially!
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Discs & magneto-rotational instabilityDiscs & magneto-rotational instability
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Alfven and slow magnetosonic wavesAlfven and slow magnetosonic waves

Alfven

       slow
magnetosonic

qrr −∝Ω )(Degeneracy lifted by q or  
0
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Comparison with stratified runsComparison with stratified runs
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Phase relation in dynamosPhase relation in dynamos
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Unstratified: also LS fields?Unstratified: also LS fields?
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Low PrLow PrMM issue in unstratified MRI issue in unstratified MRI

Käpylä & Korpi (2010): vertical field condition
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LS from Fluctuations of LS from Fluctuations of ααijij and  and ηηijij  

  
Incoherent α effect
(Vishniac & Brandenburg 1997,
Sokoloff 1997, Silantev 2000,
Proctor 2007)



Magnetic fields in galaxiesMagnetic fields in galaxies
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Polarized synchrotron emissionPolarized synchrotron emission
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Polar
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RM around circumferenceRM around circumference
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Integrating factorIntegrating factor
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Faraday spaceFaraday space
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Stationary phaseStationary phase
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Positive helicity as inputPositive helicity as input
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Negative helicity as inputNegative helicity as input

Helicity proxy also reversed in sign!
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Dynamo effect in SNRDynamo effect in SNR
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and continuity equation, isothermal EOS
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Introduces pseudoscalar: helicityIntroduces pseudoscalar: helicity

effect 0cr α→⋅BJ
starsin effect  α→⋅gΩ

( )σ/JbuBU
B −×+××∇=

∂
∂

t

...+=×≡ Bbu αE

...+−= jijjiji JB ηαE

α effect important for large-scale field in the Sun
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Bell instabilityBell instability
22cr42
AzcB vkk

B

J





 −= πγ 0cr

4 / kBJc
π=J

Bell (2004): J=2 Zirakashvili et al (2008): J=16

Continued growth in both cases!  α effect important?
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New simulationsNew simulations

• 5123 resolution, non-ideal (Re=Lu < 300)

• larger J parameter (80 and 800)

• most unstable k /k1= 40 and 400 (unresolved)

• measure alpha and turbulent diff. tensor

• Related to earlier work by Bykov et al. (2011)
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Bell instability Bell instability  turbulence ( turbulence (JJ=80)=80)
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3 stages3 stages

• Bell instability,small scale, k/k1=40

• Accelerated large-scale growth

• Slow growth after initial saturation
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Dynamo number, turb diffDynamo number, turb diff

Critical value 1, turb diff  
>> microscopic value



New theory for magnetic spotsNew theory for magnetic spots
• Minimalistic model
• 2 ingredients:

– Stratification & turbulence

• Extensions
– Coupled to dynamo

– Compete with rotation

– Radiation/ionization

45
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ConclusionsConclusions
• Spherical dynamos

– Equatorward migration
– TFM

• Low PrM issue
• MRI dynamos

– Phase relation

• Galactic dynamos
– RM synthesis

• Bell-dynamo instability
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