





Trends in astrophysical MHD -

' Credit: McKinney, 2012







Why GPUs

» Non vectorised single core performance reached state of perfection in CPUs and
accelerators

» Speedup lies in more cores and use of vectorization for CPUs/Accelerators
» Vectorization is very difficult in HARM (20.000 instructions per cycle)
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How do GPUs work?




Code performance

AMD R9 Fury X

AMD R9 290X

Nvidia K80 (1 core)

Nvidia K40

Nvidia K20X

Intel Core i7 5960x HT on

Intel Core i7 5960x HT off

Intel Xeon Phi

Intel Xeon E5 2670 HT off

AMD Interlagos 8 FPUs (16 threads)
AMD Interlagos & FPUs (8 threads)

AMD Interlagos 1 FPU (2 threads)

Relative performance CPU/GPU
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Code scaling

Weak scaling: zone cycles/s/GPU
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My goal: Understanding jet acceleration

UX into mass-
e
h]Ch scales?

m 2 acceleration and



Applications: Cosmic Rays

* AGN jets could be a significant contributor to extragalactic cosmic

rays and neutrinos (CTA/lceCube)

Hubble image of M87
Credit: NASA

Measuring cosmic-ray and gamma-ray air showers

<+—— First interaction (usually several 10 km high)

Afr shower evolves (particles are created
and most of them later stop or decay)

Measurement of

fluorescence light
Some of the particles (Fly's Eye}

Mleasurement of Cherenkov “<——  Leach the ground

light with telescopes

=2 Measurement of low-energy muons

with scintilladon or tracking detectors
Measurement of particles

with tracking detectors

(with drift chambers or ___ Measurement of high-energy
streamer or Geiger tubes) " muons deep underground
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Applications: BH feedback

’ 4 -

"Hubble i‘mage Virgo cluster
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When are jets launched?

A= L/Legq

Radiatively-Inefficient

(super-Eddington) D0

h/r <1 Thin Bk
> 1

(High/Soft or Thermal state)

h/r ~1 Xf Radiatively-Inefficient
r< 1 [& (sub-Eddington)

(Low/Hard state)
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Blandford & Znajek jets
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Credit: Alexander Tchekhovskoy

Field toroidally-
dominated




Jet acceleration theory

« Situation a bit different when jets get superfast (v>vgys)

» Conversion of magnetic energy into kinetic energy by reordering of
field lines past FMS (fast magnetosonic surface)

» Reproducing a realistic collimation profile in simulations is a
challenge




Acceleration and collimation of jets

VLBA at 43 GHz
VLBA at 15 GHz
EVN at 1.6 GHz
MERLIN at 1.6 GHz

Bondi radius

Parabolic streamline
(confined by the ISM):
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Paraboloidal structure: i Re-collimation & accumulating | Conical structure:
cxrtl<a<? azimuthal B-field : zoxr (48 ~1)

Conical streamline po o 2t
(unconfined, Pism > =
freely expanding):
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Magnetic Acceleration & Collimation (MAC) Zone

Over-collimation at HST-1
4 (“ignition” of structural change):
_ 2 ..
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Credit: Asada & Nakamura, 2012



Simulations







Configuration

e Giant ADAF extending till the Bondi radius of 5 * 10° R,




Results: Jet’s core resolved properly

* The inner core (cusp in B,) is resolved due to high resolution
focusing of a static grid - Important for differential collimation
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Results: Low res model (left); High res model
(right)
* Y gives the jet’s theoretically maximum Lorentz factor y

» 0 gives jet’s magnetization
* 0>1 means that the jet’s opening angle is larger than it’s Mach cone angle
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Results: Collimated (left) vs Uncollimated (right)

* Y gives the jet’s theoretically maximum Lorentz factor y
» 0 gives jet’s magnetization
* 0>1 means a causally disconnected jet




My simulations vs other work

D nstabilities but no heat,
// // isher er and the jet becomes chaotlc



Origin of break: Toroidal pinch instabilities? -
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Credit: Walker et al, 2008

Credit: Mertens et al, in prep
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Standing shock features in jets

A

Bright Dim Bright Dim

- o s
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Conclusion




Future work: Tilted disk simulations

« Computationally very challenging

 High tilt, long run time and very thin disks most rewarding but
highly challenging

» Best opportunity to see (inner) disk precession in combination
with alighment of inner disk and black hole

» Resolving the jet is doable as well in 3D

 Tidal disruption event simulations are even more challenging but
provide a cleaner result out of first principles



