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e
e ~ 20% Milkyway ISM plasma is molecular hydrogen, organised into MCs
(low-volume filling ~ 1-2%)).
e Cold, T'~ 10 K, approximately isothermal, c, is low.
o (u)l/z/cs ~ 10,
Ly~ 10pc = 1y= £/ {u?) " ~ OMyr)
enn ~ 10° — 10, huge density contrasts.
e Threaded by My~1—72
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W3/W4/W5 MCs and star forming region complex.
ESA/Herschel/NASA/JPL-Caltech CC BY-SA 3.0 IGO; Acknowledgement: R. Hurt (JPL-Caltech). ¢



2 & McKee (2005); Federrath & Klessen (2012); Trit:
. Burkhart (2018), Burkhart & Mocz (2018); Heyer+(
" (2020); Beattie+(2020); Kortgen & Soler (2020); Sk_a

& Hopkins+(2022); Beattie+(2022); Fielding+(20%

Krumh_
\Y[eYo¥4

3

e ~ 20% Milkyway ISM plasma |
(low-volume filling ~ 1-2%).
e Cold, T'~ 10 K, approximatel
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10,0807 magnetized supersonic

turbulence simulation » Highly-modified version of finite volume code FLASH,
_ _ second-order in space approximate Riemann (PPM)
Beattie, Federrath, Klessen, Cielo & solver with framework outlined in  tested
BhattaCharjee in FLASH in

1. What is the scaling of the energy cascade in

compressible MHD turbulence with no net b flux? + Ideal (ILES) compressible non-helical, isothermal MHD
2. How are the characteristic scales organised in the turbulence with finite correlation time (OU process;

compressible interstellar medium turbulence? )
3. What are the saturation physics of the turbulent /

dynamo? DB: EXTREME_Turb_hdf5 pu cnt_0100

Cycle 118366 Time:1.25
Pl of a 100million core-hour project on superMUC-NG =i :

ILES of compressible MHD turbulence
Turbulence: oylc,~4,¢,=L/2

Magnetic fields: B = b, ., A\ ~ 2

Three experiments for convergence tests:
e LOW-RES: 2,5203 (0.3Mcore-h, 8,640cores)
« MID-RES: 5,040 (4.0Mcore-h, 34,560cores)

e HIGH-RES: 10,080°  (80.0Mcore-h, 148,240cores)

e Resolving 10pc down to ~200au everywhere on the grid
e Factor of 4 higher linear grid resolution than lllustrisTNG

3.45PB in data products
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Worried about magnetic ICs”? Turbulent dynamo takes care of initial

magnetic field conditions!

Decay into the saturation
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Beattie et al. (2023, MNRAS). Growth or Decay — I: Universality of the turbulent dynamo saturation



Volume integral

Quantities
1/2
MZ
M = ( —
CS

Interpolation to
generate ICs for
successively higher
resolution
experiments

=Scttling and interpolate to 5040°

Beattie+(submitted, Nature Astronomy). The spectrum of magnetized turbulence in the interstellar medium
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Volume integral
Quantities

Interpolation to
generate ICs for
successively higher
resolution
experiments
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Beattie+(submitted, Nature Astronomy). The spectrum of magnetized turbulence in the interstellar medium
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Energy spectrum: two important scales
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Energy spectrum: two important scales

— Rm ~ 10*
— Rm ~ 10°

Kinetic energy dominates, %pmag < Eyin o' hydro. i S

My > 1

Transition into magnetically dominated S
turbulence &',, = &y,
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The velocity speotrum
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The supersonic spectrum
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The subsonic spectrum (also ~ incompressible)
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Dynamic alignment?
Shearing events between counter-

propagating Alfvéen waves

slower cascade
faster cascade 5 I/t H
ou
E. (k) x k™R  Eg k) ok
kln( J_) X Ky kin\™L
Goldreich & Shridar (1995) Boldyrev (2006)

Modifies the cascade timescale
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Dynamic alignment?

ob 5b

slower cascade

¢ faster cascade 5u
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Dynamic alignment?
Shearing events between counter-

propagating Alfvén waves
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But even more alignment than just u and b o=V Xu
Searching to weaken the nonlinearities
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Beattie & Bhattacharjee (in prep.). Scale dependent alignment in compressible magnetohydrodynamic turbulence




But even more alignment than just u and b
Searching to weaken the nonlinearities
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Beattie & Bhattacharjee (in prep.). Scale

Alignment not happening on all scales...  dependent aignment in compressivie

magnetohydrodynamic turbulence

7'('/5 T T 17T T71] | T T T T T17T1] | T T T TT17T1] | — T T T ] 101 b — 2520° _

- — 5040% 3
R \ 100803 -
= 7]

6 - 10k - _

" Rm ~ 10 ol [

I ) g _1_ k—3/2 |

_ 4 =WE _5/3 E

SN §

?‘E/ 7T/7 - 5b — 10 10 ]{L(}Qﬂ- 0
- - 5u _

- - W=Rilgle
Subsonic cascade il
y : _ 9(5) S fl/S

scale-dependent alignment,
o I T N B B ! I I T B I ! I I I B I ! 1 1 1 17 bUtnOtBOIdyreV(ZOOG)

103 102 10~1
£, /L

Each structure function costs 100,000 core hours!



Why? First ingredient — separation of timescales
Can we align faster than the turbulence can perturb magnetic field out of alignment??
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Why"? Second ingredient — cross helicity spectrum
Can we ~ conserve rugged invariants in space instead of just in time?
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Why"? Second ingredient — cross helicity spectrum
Can we ~ conserve rugged invariants in space instead of just in time?
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Velocity spectrum
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The dynamical saturation of the dynamo

Saturation through alignment
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The dynamical saturation of the dynamo

Saturation through alignment
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The dynamical saturation of the dynamo

Saturation through alignment

Spectral power

i
: Beattie & Bhattacharjee (in prep.). Dynamical
1 Saturation of the turbulent dynamo
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Inevitability of the turbulent dynamo

Saturation through alignment

k/ — k///

Alignment implies a perfect balance between dynamo and cascade energy fluxes

V X (“f e bf) ~ () ; magnetic cascade terms
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Magnetic spectrum in saturated state
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