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Cosmic Magnetic Fields
Big Questions: Observations & Theory
* Origin
* Evolution
e Effects
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Probing Magnetic Fields in Galaxies

Talk by Andrew Fletcher

Galactic Magnetic Field Components

Random Ordered

Isotropic Anisotropic

& &

fluctuation dynamo
or
tangling of mean field
or
both MHD turbulence

aw-dynamo
not
relic field

Origin:




Probing Magnetic Fields: Faraday Rotation

Talk by Phil Kronberg

:Number of

N

; © P.P. kronﬁerg
- Cosmic Magnetic Fields
Cambridge Univ. Press 2016

Galactic Latitude

Galactic Longitude

Milky Way RM sky 2256 egrs RM’s



Probing Magnetic Fields: Cosmic Rays

Talk by Dario Grasso * A more realistic treatment
implemented with the DRAGON
o v P S code can solve several anomalies: y-

L I niii I Euii 1 Illllli
| © IceCubeGP-HESE(3yr) [contained in the ROI| |

ray gradient problem; CR isotropy;
y-ray excess in the inner Galaxy;
Milagro excess

* This has also implications for the
high energy neutrino emission of
the Galaxy. A model with space

T RS R AT | dependent diffusion such to explain

- Jed the Fermi and Milagro excess

The complex structure of the predicts a v flux along the Galactic

Galactic MF requires to go Plane which is significantly larger
beyond the conventional than conventional models and

(homogeneous and isotropic) reproduces IceCube results (see
treatment of Galactic cosmic plot) and arXiv: 1504.00227 (ApJ L.)
ray (CR) propagation

E2d® /dE,dQ [GeVem s




Magnetic Fields vs. Cosmic Rays

Plausible distrib
CR energies of 1) ==\ (5]l

next 4 slides

2-D slice of 3-D
Kolmogorov spectrum
| max=2Mpc,

[ min=0.04Mpc (40kpc)

Credit: NASA
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Magnetically driven MHD turbulence can accelerate particles
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Ultra ngh Energy Gamma Rays Tests

NASA'S Formi 1610500pe resolves supernova rem

Neronov and Semikoz 2009

o The ultra high energy photons
(gamma rays above 0.1 TeV)
interact with the diffuse
extragalactic background light

y+y > e +e

o If the magnetic field along the
path of the cascade production
is strong enough to bend the
pair trajectories then the
cascade emission appears as
an extended halo around the
initial point source




Probing Magnetic Fields: Gamma Rays

Talk by Paolo Da Vela
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Probing Magnetic Fields: Gamma Rays

e Dy (Ey)

AGN |

*

e E,

blazar jet
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Dr.v(E3)
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) Earth
patch of %3
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Tashiro and Vachaspati 2015

Figure 2. [Illustration of the cut-sky with gamma rays dis-
tributed on it. Patches of radius R degrees are centered on the
highest energy gamma rays. In those patches we test if the lower
energy photons are distributed along left- or right-handed spirals.

Tashiro, Chen, Francesc, Vachaspati 2014

Talk by Andrey Saveliev
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GRPropa, a new propagation
software for electromagnetic
cascades including the effects of
magnetic fields, is up and running,
showing, among others, imprints
of magnetic helicity onto the
arrival directions of gamma rays



Magnetic Fields vs Plasma Instabilities

Talk by Phil Chang
Note: Plasma instabilities

Implications for B-field Measurements vs blazar’s observation

nal inverse Compton -- down an order of magnitude if |

ig rate ~ linear rate of growth is debated’ see
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Probing Magnetic Fields: CMB

Talk by Daniela Paoletti Talk by Levon Pogosian
(Planck collaboration) (POLARBEAR B mode)

l.-lu . . - -

Planck 2015 constraints on PMF amplitude with the fenaing # ]
three probes -likelihood (with two methods: s+ tensor PMF A

. . . . 10~} — PMF vector+lensing - I o N\4

magnetically induced perturbations and the impact g P tonsor PMF vecor-lonsing _/ T ‘ |

on the ionization history) , non-Gaussianities, 4 E

4
Faraday rotation- are mutually consistent and at the

level of nG . ]

Il +1)C/2x[uK?)

1.0 As an example these are the constraints from the 1
Planck 2015 power spectrum in combination with 10-1

polarization from Planck or other experiments. 1

0.8 v

Forecasted constraints on PMF from Faraday Rotation

& o
& o Name - freq (GHz) fuy (fo5) FWHM (arcmin) Ap(pK-arcmin) Beg (20, nG) +DL (nG) +DL+DG (nG)
Q: Planck LFI - 30 0.6 33 240 16° same same
P 3 Planck HFI - 100 0.7 9.7 106 23 same same
L Polarbear - 00 0.024° 6.7 7.6 33 3.0 same
0.4 QUIET I - 40 0.04° 23 1.7 0.46 0.26 0.25
CMBPOL - 30 0.6 2 19 0.56 0.55 0.51
CMBPOL - 15 0.7 17 8.25 0.38 0.35 0.20
CMBPOL - 70 0.7 11 4.23 0.39 0.32 0.26
CMBPOL - 100 0.7 8 3.22 0.52 0.4 0.34
0.2 Planck TT TE EE-lowP Suborbital - 30 0.1 1.3 3 0.09 0.07 0.05
T Suborbital - 90 0.1 1.3 3 0.63 0.45 same
==*  Planck TT+lowP K Space - 30 0.6 (0.2) 1 1.4 0.06 0.04 0.02
——  Planck TT,TE,EE+lowP+BKP Space - 90 0.7 (0.4) 4 14 0.26 0.15 0.12

0 1 2

3 |
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Planck 2015 Results: Constraining Magnetic Fields

Talk by Daniela Paoletti

CONSTRAINTS ON PRIMORDIAL MAGNETIC FIELDS WITH PLANCK 2015

Planck data on CMB anisotropies provide three different complementary probes

/t'o constrain E’MF e

Non Gaussianities Planck likelihood
A stochastic background of PMF has a Magnetically induced scalar, vector and CMB polarization is affected by
fully non-Gaussian contribution to CMB tensor perturbations the induced Faraday rotation by
anisotropies have a direct effect on CMB anisotropies in PMF. Strongly dependent on
Non-zero bispectrum T&P. observational frequency.
Different types of bispectra and different
methodologies: The different combination of Planck The constraints using
likelihood and magnetically induced modes
+ Passive tensor bispectrum give constraints of the order of few nG. due to the
» Scalar anisotropic bispectrum limited multipole range allowed
+ Scalar compensated bispectrum No evidence of PMF in the Planck+BICEP for the analysis.

) +KECK analysis
The impact of the dissipation of PMF on

Constraints at the level of few nG the ionization history also leads to tight

constraints less than a nG.
This analysis looks very promising in the
perspective of new data in polarization

All these results are mutually consistent and lead to constraints at the level of nG

Credit: Daniela Paoletti



Probing Magnetic Fields: CMB

Talk by Kerstin Kunze ol
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See also poster by Hector Hortua



Kerstin Kunze.

Prospects of constraining primordial magnetic fields with the CMB

Part of the magnetic field which is
not dissipated:
active contribution of magnetic field

Part of the magnetic field which is dissipated:
dissipated magnetic energy leads to heating
of electrons and energy injection into CMB.

. mEmEEE -

~

e constraints from temperature and
polarisation data (Planck, SPT,
WMAP.,..): few nG field for nearly
scale invariant field. ;

o More promising: find distinctive

-
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Origin of Cosmic Magnetic Fields

e Astrophysical

PHYSICAL REVIEW VOLUME 75, NUMBER 8 APRIL

5, 1949

On the Origin of the Cosmic Radiation ¢ C05m0|0gica|

ENRrICO FERMI
Institute for Nuclear Studies, University of Chicago, Chicago, Illinois
(Received January 3, 1949)

A theory of the origin of cosmic radiation is proposed according to which cosmic rays are originated
and accelerated primarily in the interstellar space of the galaxy by collisions against moving mag-
metic fields. One of the features of the theory is that it yields naturally an inverse power law for the
spectral distribution of the cosmic rays. The chief difficulty is that it fails to explain in a straight-
forward way the heavy nuclei observed in the primary radiation

Proton Helium
Photon
Neutron nucleus CMB radiation
Electron Helium e
Y
! atomn atom Firststars Early Modern
- galaxies galaxies

F. Hoyle in Proc. “La structure et
I’evolution de I’'Universe” (1958)



Magnetic Field Generation

* Plasma physics driven mechanisms
Talk by Reinhard Schlickeiser

* Inflation-generated magnetic fields:

TIME AFTER THE BIG BANG
1035Sec 10°Sec 3 Sec 10,000 Yrs 300,000 Yrs 300 Million

Talk by Christos Tsagas ) X

BANG _~Tniverse~. o Matter~_ :
Shaped ™~ . Domination™. -
Era "o~

Stars &
alaxies

Form

e Appealing to causality and the inferred absence of electric
currents with super-horizon correlations, it might be possible to
slow down the adiabatic magnetic decay on super-Hubble scales
after inflation. This should make it much easier for inflation to
produce magnetic fields of astrophysical relevance today



Chiral Magnetic Fields:

Generation Theory:
Talk by Oleg Ruchayskiy

Helical B # 0

——— e N MR
—— ——
—— —o—

Relativistic plasmas should be
described by chiral MHD (rather
than ordinary MHD with relativistic
equation of state) and that the
Chiral Magnetic Effect can play an
important role in generation and
evolution of cosmic magnetic fields
in the early epochs

Applications:
Talk by Guenter Sigl

Resulting maximal field in hot
neutron star within our formalism

[—
o
o




Chiral Magnetic fields: Simulations

Talk by Jennifer Schober

* At high energies, the MHD '
equations are modified due i |
to the chiral chemical &g [ S

. . g |
potential ;. with y 10 Z’ :
= -6 |l ix exp(2yst) -
d I oL 10 p(27st)
P« E- B o | - 1
dt 10-19 [T N TR N N N B
10 T T T T T T T T

* Numerical simulations of laminar dynamos 0 | e

with the Pencil Code: I '/_,,,/ .

2 E’ 107 - I

- o” dynamo el ]

- - shear dynamo Sl Ul |
. . o e o = ] /3(A-B) ———

— Confirmation of analytical predictions 101 f »— i
A2{A-B) +p ——

for grOWth rates and dynamo Waves. o 0 ().IUZ ()IU1 ()IU(\ UAIUS ()I.l (JI12 l).ll‘t ().Il(\' 0.18

t/t,
 Strong magnetic fields can be generated in the early Universe with various
implications for its subsequent evolution.

* Open question: How is the magnetic field amplification affected by
turbulence?



Chiral Magnetic Fields: Evolution
Talk by Guenter Sigl

T =40 MeV, By = 10 G T =20 MeV, By =10° G
T T T T T T

2 1 2 1
1 - 1 -
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Figure 2. Time evolution of the chiral chemical potential normalized to the equilibrium value,

s/ |ps |, relative difference of the chiral chemical potential to the equilibrium value, (us — uss)/ |15,
and, in logarithmic units, relative deviation of the helicity density from its maximal and minimal
value, 1 & h/hmax. The left panel is for a temperature of T = 40 MeV and seed field By = 10*? G,
and the right panel is for T = 20 MeV and a seed field of By = 107 G.



Primordial Magnetic Field Evolution
Talk by Axel Brandenburg
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FIG. 1: Kinetic energy spectra in a hydrodynamic simulation (a). compared with magnetic (solid) 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 8w = 3 (e). B =2 (f). 3= 1 (g). and 3 = 0 (h). In (f) we used Bk = 1 # Bum.



MHD Turbulence: Spectra

Talk by Axel Brandenburg
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FIG. 1: (Color online) (a) Magnetic (solid lines) and kinetic
(dashed lines) energy spectra for Run A at times t/7a = 18,
130, 450, and 1800; the time t/7a = 450 is shown as bold
lines. The straight lines indicate the slopes k* (solid, blue),
k* (dashed, blue), and k=2 (red, solid). (b) Same for Run B,
at t/Ta = 540, 1300, and 1800, with t/7a = 1300 shown as
bold lines. The insets show Ey and Ex compensated by Ewr.

Talk by Andrey Beresnyak
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MHD Turbulence

Talk by Francesco Miniati

Self-similarity in the ICM

redshift
0.86 0.39 0.03 -0.18
T T T T T T

T R ———
: Enu'b E B 1: nmrh : CE nturb[

0.1 e Ly | IR R A [
6 8 10 12 14 16

. FM & Beresnyak (Nature, 523, 59, 2015
time [Gyr] yak ( )

Results from a recent numerical
model of structure formation that
resolves the ICM turbulent
cascade for the first time

Coupled with numerical studies
of MHD turbulence our model
reproduces remarkably well the
observed properties of ICM
magnetic field without any free
parameter and independent of
initial conditions

This calculation also shows that
the evolution of ICM thermal,
turbulent and magnetic field
strength and structure are self-
similar, with the turbulent
dynamo far away from saturation
as always



Non-Helical Inverse Transfer?

Talk by Axel Brandenburg Talk by Andrey Saveliev

* High resolution direct

, _ _ * A semianalytic approach
numerical simulations

allows to determine the
time evolution of the
magnetic energy spectra
including helicity directly,
thus giving an alternative
to much slower numerical
simulations

FIG. 2: (Color online) Contours of (a) B.(z,y) and (b)



Thank youl!



