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Helical vs nonhelical 3-D decay
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Helical decay law:
Biskamp & Muller (1999)

H = EL = const
c=U*/L=E*?/L
c=—dE/dt

c=—dE/dt=E**/L=E"*/H
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Weak MHD turbulence, because B strong

PE (k) / Eg
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Inverse transfer similar to helical MHD
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On Inverse Cascades and Primordial Magnetic Fields

P. OLEsEN!
The Niels Bohr Institute, University of Copenhagen
Blesdamsvej 17, DR-2100 Copenhagen (3 Denmark

Next we want to use the well known self-similarity property of the non-relativistic Navier-Stokes
or MHD-equations,

x—ix, t—01"" v=iv, v—=01"y, B=I"B, n— iy, (5)
where v is the kinetic and 1 is the Ohmic diffusion. Using the substitutions x = Ix" and y = ly’,
we obtain from eqs. (B]) and ()

: 2 L . ! ]
E(k/LI"t, LL K/ = fdﬁf B/ ddy K& <y (Ix R v(ly ) >

(2m)3 Jor /K
= "M Bkt L, K). (6)

primordial magnetic felds, and for the effect of ditfusion. In general, if the initial spectrum is
7, then in the “inertial” range, bbr o > -3 thee & an inverse cascade, whereas for o < -3
there is a forward cascade.



Does initial spectrum determine decay?

Eic(k.t) ~ Bag (k1) ~ ko (k3+0)/2¢). 4) @) o, q

Integrating over k yields the decay law of the energies as 4 1 0/ 7 2/ 7
Ek(t) = / Ex (k.t) dk ~ /k”w(k(“”"‘mt} dk.  (5)

3 8/6 2/6

Ex(t) ~ t”/h‘,“w(ﬁ,) dk, (6) 2 6/ 5 2/ 5

where p = (1+a)q. The integral scales like ki ~ t9 with 1 4/4 2/ 4
q = 2/(3+ ). Several parameter combinations are given

0 2/32/3

Introducing x = kt? with ¢ = 2/(3 + a), we have

in Table II.

q=1-p/2



Rescaled spectra: self-similar

Alternative interpretation of Olesen’s scaling relation

Christensson et al.
(2001, PRE 64, 056405)
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FIG. 2. The magnetic scaling function g,,(k&) described in the

text, Eq. (13), versus k&. The straight lines indicate the power laws
K(kf)‘*'ﬂ and K(kf)_z'j, respectively.

Ev(k.t)=E&(1) “gm(kE). (13)
9



Revised interpretation

. .o~ T T ]
E(k)=¢79kS) . |
with integral scale & o6l aonelical MID

E=£&(t) oct® T oaf NG
and g determined by physics b e :
B=-3+2/q ool N

from dimensional arguments 0.0 0.5 1.0 1.5 2.0

P -p
5 p q physics E(t) et
410/7 2/7 [ uw’r*dr = £ = const ~ £'77* (Loitsiankii)
3 8/6 2/6
2 6/52/5 [u’rdr =C = const ~ ¢>7~? (Saffman)
1
0

4/4 2/4 (A3p) = const ~ €772 (to be confirmed)
2/3 2/3 (A - B) = const ~ £>7 > (Biskamp & Miiller)



Scaling relations
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FIG. 1: Kinetic energy spectra in a hydrodynamic simulation (a), compared with magnetic (sclid) and kinetic {dashed) energy
spectra in a hydromagnetic simulation without helicity (b) and (c), and with {d). Panels (e)-(h) show the corresponding
collapsed spectra obtained by using S =3 (&), fm =2 (f). 5= 1 (g). and F=0 (h). In (f) we used Fx = 1 # Hu.
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Prevalance of k* spectrum
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Helical decay: collapsed
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Figure 1: Magnetic and kinetic energy spectra for initial spectra with En ~ k%, with o = 4 (left), 2,
and —1, using 1152% meshpoints, 0 = 1, and v =n =1 » 107>, 5 » 107°%, 2 % 107, and again 2 x 1077,
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Figure 2: Magnetic and kinetic energy spectra for initial spectra with Eyy ~ k%, with a = 4 (left),
2, 0, and —1, using 1152% meshpoints, ¢ = 1, and 1152% meshpoints, & = 1, collapsed with 3 = 0.
v=n=1x107" 5% 107% 2 x 107°, and again 2 x 107>,
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Scaling relations




Fractional initial helicity
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Conclusions Y

Vetenskapsradet

Helicity slows down decay

Large scale energy increases
Nonhelical inverse transfer, <A"2>?
Revised interpretation to Olesen

Self-similar spectra
B determined by physics,
not initial conditions
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