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• Different styles and goals of dynamo research / analogies to accretion disk research

• Ask not:  “Is mean field theory correct” BUT  “Is it the correct mean field theory?”

• Classification of dynamos

• Magnetic helicity NOT kinetic helicity is the “unifying” helicity 

• Seemingly different LSDs and their saturation can be unified by tracking magnetic helicity 

• Textbook shortcomings vs. principles of nonlinear saturation 

• Importance of time evolution, helicity fluxes, and shear 

• Importance of subtle restrictions and differences between simulations

• Symbiosis between interior and coronal dynamos in astrophysics

• are key LSD properties sensitive to mechanism of reconnection?

• New “transient” dynamos for explosive astrophysics 



1. Small Scale Dynamos

• flow driven

• no pseudo-scalar involved; EMF irrelevant

• field amplified at and below forcing scale; little 
amplification at k < kf



 2.  Large Scale Dynamos (LSD)
• EMF essential;  tracking properly defined magnetic helicity evolution potentially relevant for 

understanding saturation in ALL cases 

• field sustained on time or spatial scales larger than turbulent forcing scales 

• Globally Reflection Asymmetric   sign of  <          > fixed by initial conditions 

• Saturation determined by coupling large scale B growth to small scale mag. helicity evolution

•  Flow Driven Helical Dynamo (FDHD): Inside Rotators

• artificially forced or natural

• sheared or unsheared

• Magnetically Driven Helical Dynamo (MDHD)= Dynamical relaxation in Lab Plasmas and 
Coronae

•  Not GRA:  sign of           can be finite in subaverage;  helicity flux can be of fixed sign

• stochastic large scale dynamos (e.g.  Vishniac & Brandenburg 97)

• turb+ shear w/out imposed helical forcing or pseudoscalar (Lesur & Ogilvie 08; Yousef et al 08)?

• quasi-locally averaged finite pseudo scalars e.g.    

• absence of helical forcing but shear Brandenburg Sandin 04: Helicity fluxes sustain LSD
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• Flow Driven (FDHD):  flow energy initially exceeds mag. energy

• FDHD:   global pseudoscalar or psedovector flux of mag. helicity

• FDHD amplifies and pumps oppositely signed magnetic helicities 
to large and small scales or drives spatial flows of mag. helicity

• nonhelical mean field can still dominate magn energt and 

• SSD  often concurrent 

• Magnetically Driven (MDHD): magnetic energy exceeds kinetic energy

• MDHD: injection of magnetic helicity  

• MDHD induces relaxation of injected sign of mag. helicity to large 
scales and  drives velocity flows.

• interesting ambiguity with stratified MRI and tachocline

2A. Globally Helical LSDs



 Laboratory Plasma Dynamos: MDHD

• injected magnetic helicity drives system away from relaxed 
state; MDHD fights to bring it back 

• relaxed state has magnetic helicity on largest scale subject to 
boundary conditions

• MDHD sustains large scale field against decay

• MDHD “amplifies” large scale magnetic helicity

• analogue to astrophysical coronae: MDHD also important

• in astrophysics



Dynamo Evolution Equations: Unifying LSDs (e.g. B07)

∂tB = ∇× (V × B) + ∇× E + νM∇
2
B

∂tv = ...

∂tb = ...

∂tV = ...

needed to understand saturation

choose one:  bottom required 
when shear is important

facilitates “minimal tau” closure  for 
dynamical theory e.g.BF02...Br-Sub05



Case 1:  MDHD:  Tokamak Dynamo (figs from Ji &Prager 01)



MDHD:  Tokamak Dyn (cont.)



Case 1  Tokamak Dynamo (continued) 

also Strauss 85; Bhattacharjee Hameri 86; Bellan 00; Otolani & Schnack 93



MDHD (dynamical magnetic relaxation)



MDHD:   Spheromak and Jet Formation (cont)



Hsu and Bellan 02

MDHD:   Spheromak and Jet Formation



Case 2: FDHD:           Dynamo in Periodic Box α
2

LSD and SSD
concurrent



        Dynamo in Periodic Box (cont)α
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        Dynamo in Periodic Box (cont) α
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      Dynamo in Periodic Box (cont)α
2





3-scale approach justifies 2 scale approach:

“Small scale” mag and current helicity initially peaks at tiny 
scales, but quickly inverse transfers to forcing scale before 

kinematic regime ends
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Lessons from α2 in periodic box

• coupling small scale magnetic helicity evolution into theory correctly 
predicts the saturation; two scale model works well

•                                                

• reduces to Cattaneo & Hughes 96 Gruzinov & Diamond 94 for steady 
state uniform field (note also Kleeorin & Ruzmaikin 82)

• simulations and theory agree in dynamical evolution but early times 
warrant better resolution to isolate  kinematic from resistive regime 

• kinematic growth produces significant LS field before resistive regime

• this kinematic regime is not necessarily enough; would like avoidance of 
resistively limited regime  

• alleviating SS mag helicity buildup is key to avoid catastrophic 
quenching.  This is facilitated with shear and helicity fluxes  
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• loss of SS mag helicity helpful but both large and ss losses 
expected (Blackman & Field 00ab; Blackman & Brandenburg 03)

• cycle could remain fast even if saturated large scale field reduced.

• understand the relative losses in a real system self-consistently

• Brandenburg & Sandin 04:  open boundaries + shear required



Case 3: FDHD with helicity fluxes and shear

• Vishniac-Cho flux (01), recast by Subramanian & Brandenburg 
(04,06); flux along surfaces of cons. shear  

• advective flux (Shukurov et al. 06) 

• Numerical evidence supports that SS helicity fluxes facilitate fast, 
robust LSD action when shear is present: 

• e.g. Brandenburg & Sadin 04 + Br-Sub 05+..:  VC flux in forced 
turbulence with shear in solar like rotation profile  with and 
without forcing kinetic helicity sustains LSD; shear required

• e.g. Kapyla et al. 2008: LSD from convection + shear with 
surfaces of constant shear aligned toward open boundaries;
Tobias et al. (08): no LSD under similar conditions BUT shear 
is aligned toward periodic boundaries disallowing Fvc 

FV C,i ∝ εinkSnjBjBk

Fad,i ∝ αmU i

(Snj ≡ ∂nV j − ∂jV n)



Case 3 (cont):  Time dependent α-Ω with helicity flux

 Galactic dynamos with Shear and small scale helicity fluxes (Shukurov et al.  
2006; Sur et al 2007):











Case 4:   MDHD  α2 dynamo (dynamical magnetic relaxation)
(Blackman & Field 03, Blackman 05)



Driven Unihelical Relaxation (Blackman Field 03,Blackman 05) 



Free Unihelical Relxation





Jets: Interior + Exterior Dynamos

• consensus: astrophysical jets are result of  magnetically 
mediated launch at unresolved scales less than 50 Rengine

• ironically: less consensus on relative strength of magnetic 
fields on observable scales > 50 Rlaunch

• Suggest at least jet launch is the end state of coupled helical 
dynamos:  FDHD fields from disk escape to corona where 
they open up to even larger scales via  MDHD;  analogue to 
lab plasmas

• “large” scale with respect to disk is “small scale” with respect 
to corona

• analogue in solar corona: couple interior and exterior 
dynamos to get global scale fields



Do LSD large Rm dynamos depend on details of reconnection?

• Topology? :   not so much

•  Mean field is degenerate with respect to SS topology  

• Mean field topology can change fast: effective Rm of “mean 
field” in turbulent flow is large 

• On getting rid of SS mag energy? very indirectly

• turbulent cascade takes non-helical mag. energy down to 
resitive scales quickly preventing “lock up”; structures 
develop to accomodate forcing rate

• fast robust LSD requires alleviating the buildup of SS 
helicity, and fluxes do this faster than local reconnection

• helicity from interior to exterior can be dissipated by 
reconnection  in corona  





Transient Large Scale Dynamos + Poynting Flux 
(Blackman et al. 06; Nordhaus et al. 07)

(Context: Supernovae, pre-Planetary Nebulae, GRB..)


