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Abstract In the presence of magnetic helicity, inverse transfer from small to lsegkes is well known in magnetohydrodynamic
(MHD) turbulence and has applications in astrophysics, cosmologyfuaiah plasmas. Using high resolution direct numerical simu-
lations of magnetically dominated self-similarly decaying MHD turbulencerepert a similar inverse transfer even in the absence of
magnetic helicity. We compute for the first time spectral energy tranafes to show that this inverse transfer is about half as strong
as with helicity, but in both cases the magnetic gain at large scales resnitgdiocity at similar scales interacting with smaller-scale
magnetic fields. This suggests that both inverse transfers are a censeqf a universal mechanisms for magnetically dominated
turbulence. Possible explanations include inverse cascading of the sgaared vector potential associated with local near two-
dimensionality and the shallow&f subinertial range spectrum of kinetic energy forcing the magnetic fieldawithsubinertial range

to attain larger-scale coherence. The inertial range shows aicléapectrum and is the first example of fully isotropic magnetically
dominated MHD turbulence exhibiting weak turbulence scaling.

DECAY SIMULATIONS

We solve the compressible MHD equations fgrthe gas density at constant sound speed and the magnetic vector
potentialA, soB = V x A. Following our earlier work [1, 2, 3], we initialize our deggag DNS by restarting them from
a snapshot of a driven DNS, where a random forcing was apipliget evolution equation faA rather thanu. To allow
for sufficient scale separation, we take/k; = 60. We use the BncIL CoDE (http://pencil-code.googlecode.com/) at a
resolution of2304% meshpoints on 9216 processors. The code uses sixth orderdifierences and a third order accurate
time stepping scheme. Our magnetic and kinetic energy igpaa normalized such thitEy (k, t) dk = Eni(t) = v3 /2
and [ Ex(k,t)dk = Ek(t) = u?,,/2 are magnetic and kinetic energies per unit mass. The magnétgral scale is
defined agy = ky,' (t) = [k~ Em(k, t) dk/Ev(t). Time is given in initial Alfvén timesa = (vaoko) ™.
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incompressible [7] and relativistic [8] simulations, wher

inverse nonhelical transfer has recently been confirmed.

NATURE OF INVERSE TRANSFER
To quantify the nature of inverse transfer we show in Fig. @reeentations of the spectral transfer functignp, =

(J* - (uP x B?)) and compare with the corresponding helical case of Ref.ia{,with 10243 mesh points and at a
comparable time. Here, the superscripts indicate the sagfia shell in wavenumber space of Fourier filtered vector
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Figure 2. (Color online) Spectral transfer functidn,, (&) as a function of and summed over gl andg, (b) as a function op andg
for k/k1 = 4, and (c) as a function df andq for p/k1 = 4. The dashed line in (a) and the insets in (b) and (c) show the corresgond
case for a DNS with helicity; both for Rr= 1.

fields; see Ref. [9] for such an analysis in driven helicabtlence. The transfer functidfy,,, quantifies the gain of
magnetic energy at wavenumbiefrom interactions of velocities at wavenumbeand magnetic fields at wavenumber
q. Fig. 2(a) shows a gain fdt/ky < 0.1, which is about half of that for the helical case. The coroesling losses for
k/ko > 0.1 are about equal in the two cases. In both cases, the magagtiat:/k, = 0.07 = 4/60 results fromu?
with 0 < p/kg < 0.2 interacting withB? atq/ko > 0.1; see the light yellow shades in Fig. 2(b). Note that work done
by the Lorentz force igu? - (J* x BY)) = —Ty,,. Thus, negative values @f,, quantify the gain okinetic energy

at wavenumbep from interactions of magnetic fields at wavenumbkrandg. Blue dark shades in Fig. 2(c) indicate
therefore that the gain of kinetic energyatko = 0.07 results from magnetic interactions at wavenumbeesnd g of
around0.1 kq. These results support the interpretation that the inereaspectral power at large scales is similar to the
inverse transfer in the helical case; see [10] for infororationcerning the total energy transfer.

To exclude that the inverse energy transfer is a consequeribe invariance of magnetic helicity{y(t) = (A - B),

we comparety; with its lower boundéii™ = |Hy|/2E\m [2). In nonhelical MHD turbulenceéy; is known to grow
like t'/2 [2, 4]. Even though the initial condition was produced wittnhelical plane waves, we firlly; # 0 due to
fluctuations. Sincéty is conserved andy; decays liket—1, ¢Hn grows linearly and faster thagy; ~ t'/2, so they
will meet att/75, = 10° and then continue to grow as?/3, but att/75, = 10° this cannot explain the inverse transfer.
By contrast, we cannot exclude the possibility of the quasidimensional mean squared vector potentidi,,), being
approximately conserved [10]. This could explain e ~ t'/2 scaling and the inverse transfer if the flow was locally
two-dimensional [11].

Our results support the idea of the weak turbulehcé scaling for strong magnetic field that is here for the firstetim
globally isotropic and not an imposed one [13]. At small ssahowever, approximate equipartition is still possiflee
decay is slower than for usual MHD turbulence which is ardyigbverned by the Loitsyansky invariant [14]. Future in-
vestigations of the differences between these types dfiembe are warranted [10]. Interestingly, the extendet&plain
the velocity spectrum around the position of the magnetakpeay be important for producing observationally detdetab
broad gravitational wave spectra [15].
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