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Outline

¢ Introduction
Magnetization quest
Windows to cosmic magnetism

e Faraday Rotation Measures
e UHECR propagation

e TeV photons
Deflection of electro magnetic cascade
Attenuation of electro magnetic cascade

e Summary
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Cosmic Magnetization Quest
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Cosmic Magnetization Quest

VIHD simulations
\

halo cores

Sheets &i

. I
Filaments

Predictions frondifferent models fororigin of cosmic
magnetism=- Lecture IV.




Cosmic Magnetization Quest
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Cosmic I\/Iagnetization Quest

Faraday Rotatron (RM) of poIarrzed radio emrssron Propagatron of uItra hrgh energy cosmic rays (UHECR)
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Cosmic Magnetization Quest
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Method I: RM statistics (uG)

Faraday Rotation (RM) of polarized radio emission
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Method I: RM statistics (uG)

RMs sensitive td.1 — 1) x 107°G, statistical method8)—°G (?)

Observed, full sky RM signai
= Bosmic = 30 X 107G (
But Galactic foreground critical !!!




ethod I: RM statistics ( 1G)
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Method I: RM statistics (uG)

Galaxies

B outflow

Stasyszyn et al. 2010

Full sky maps for the local universe showmg thagnetic field
andgalaxy distribution.
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CS G)

Taylor et al. 2009 e . S T P

Model foreground based on HAMMURAB/elkens et al. 2008
cosmic signal and observational noise compared to obsangat

Same but smoothed by 8 degrees.

Stasyszyn et al. 2010
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200 rad m™*

Reduced noise (1 rdeh?) and zoom on several clusters

Stasyszyn et al. 2010




Method I: RM statistics (uG)

Correlation functions (based on 3072 RMs):

n|RM|
(normalized)
() = (L2

(unnormalized).
Stasyszyn et al. 2010
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Method I: RM statistics (uG)

cs o i cs o

CS with removal in 3° @ CS with removal in 3° @

CS+N(0=1.0 rad m™3) with removal in 3° ® - CS+N(0=1.0 rad m™%) with removal in 3° ®
CS+N(0=1.0 rad m™%)+GF with removal in 3° CS+N(¢=1.0 rad m™%)+GF with removal in 3°

Influence of the different components onto the correlatignad:
* Cosmological signal (CS)
* Including galactic foreground and applying removal
* Adding only noise (1 ragn?) to the signal (CS+N)
* All effects together

Stasyszyn et al. 2010
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Method I: RM statistics (uG)
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Method I: RM statistics (uG)

Lee et al. 2009
(NVSS + SDSS)
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Stasyszyn et al. 2010

Correlation signal predicted by simulations, but the atagk is
driven by the foreground and observational noise !
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Method IlI: UHECR defl. (nG)

Propagatlon of ultra hlgh energy cosmic rays (UHECR)

Coollng photo plon productlon in coII|S|ons W|th CMB
Secondary particles, from pion decay
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Method IlI: UHECR defl. (nG)

Propagation of CRp, sensitive (00~ — 10~"*)G

e ¥ l+

Pierre Auger Observatory provides evidence for anisotmplye
arrival directions of the Cosmic Rays with the highest eresg

which are correlated with the positions of relatively ngaalbtive
galactic nuclei (AGNs)But still under discussion !

18/11/2013=pn. 6




Method IlI: UHECR defl. (nG)
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Hudson 1993

Magnetic Field structure ihocal Universe?
Charged particle astronomy possible ?
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Method IlI: UHECR defl. (nG)

P5Cz galaxies

hibpsezmask
B psczmask

Saunders et al. 2000
15000 IRAS Galaxies
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Method II_i UHECR detl. (nG)

Run movie
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Method IlI: UHECR defl. (nG)

Trajectories of Cosmic Rays diffusing through the clustaec
(Rordorf, Grasso & Dolag 204=> Whole cluster looks like the source !
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Method IlI: UHECR defl. (nG)

model z 1000 EaV  + b R : +

! model z 10 EaV  + e T e %

a. Iﬁ&*‘“ - £ 3 "

Sky mapsof UHECRs emitted uniformly from M87 with 1000
(upper right), 100, 10 and 1 EeV (lower left)

(Dolag, Kachelriess, Semikoz 20)38 181119013 — b. 6



Method IlI: UHECR defl. (nG)
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Method II: UHECR defl. (nG)

4
@433 A3

A3627
5

Region shown is (50 Mpé)entered betwee@entaurus and
Pavo. Filaments and bridges between clusters, but be tarefu

* Never straight lines !
* Always junctions of sheets !
* Sometimes projections of sheets !
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Method Il UHECR defl (nG)

Size of clusters

Region of alignmen

Going along dilament, regions of alignment.
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Method IlI: UHECR defl. (nG)

00 02 04 06 08 10 [Degrees] Centaurus

00 02 04 06 08 10 [Degrees] M|Iky Wa_y

Full sky deflection signal for4 x 10*?eV Cosmic Rays for two
different observer position, using a sphere with radius BéM
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06 08 10 [Degrees] nO |OSS€S

00 02 04 06 08 10 [Degrees] W|th Iosses .
Full sky deflection signal forl x 10?°eV Cosmic Rays with and
without losses by photo-pion production in collisions Wi@MB,
using a sphere of 100Mpc radius.
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Method IlI: UHECR defl. (nG)

Full sky deflection signal for4 x 10'°eV Cosmic Rays without
losses, using a sphere of 110Mpc radius.
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Method IlI: UHECR defl. (nG)

Primordial [107° uG]
Primordial [2x107° uG]
Galactic outflows

1.0

00 0.1 02 03 0.4 05 [Degrees] Deflection [degree]

Full sky deflection signal for4 x 10'”eV Cosmic Rayswithout

losses, using a sphere of 110 Mpc radiusdifierent magnetic
seed mOde|S)()Iag, Grasso, Springel & Tkachev 2004/2905
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Method IlI: UHECR defl. (nG)

Primordial [10™° uG]
Primordial [2x107° uG]
Galactic outflows

1.0
Deflection [degree]

Sky coverageof deflection signal fort x 10'°eV Cosmic Rays

without losses, using a sphere of 110 Mpc radius fonadtels
Allows to probe cosmic magnetic fields !?
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Method IlI: UHECR defl. (nG)

Model 0 MHD (x)
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Method IlI: UHECR defl. (nG)
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Full tracking of UHECRS in cosmological MHD simulation.
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Method IlI: UHECR defl. (nG)
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Method IlI: ~-rays (pG-fG)

Deflectlon of electromagnetlc cascade of TeV photons

primary

1 secondary

Dolag et al. 2009 gt
Neronov & Semikoz 208
Aharonian et al. 1994

electromagnetic cascadeelectron palr productlon |nteract|on with EBL
cooling of electrons: inverse compton scatter with CMB pinst
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Method Ill: ~-rays (pG-1fG)

Propagation ofy-rays, sensitive t9010~'% — 107'9)G

interaction with extragalactic background light Counts Map (10-100 GeV)

Rel. DEC (deg)

primary/(y

inverse Compton scatter with CMB 2 01 0 3599 3598

Rel. RA (deg)
Model Map (10-100 GeV)
Rel. DEC (deg)

(counts)

Ando & Kusenko 2010

10—-100 GeV

Total

PSF
— _ _ Halo — _— _ Halo
. Background 4 _ . _ Background

I

0.2 0.1 0 359.9 359.8
Rel. RA (deg)

m—

2 4 6 8 10 12 14 . . . 0O 0.1 02 03 04 05 0.6
(counts) 62 [deg?]

Halo foundstacking 170 AGNs with FERMI:B ~ 10~ °G.
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Method Ill: ~-rays (pG-1fG)

Dolag et al. 2009

E,= 0.3 TeV
——— E=1Tev
——— E=3TeV

Ando & Kusenko 2010

10-100 GeV

0 20,40 60 80 100
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0 |
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But false detection due to inperfect beam (Neronov etal. 201p
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Method Il ~-rays (pG-fG)
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Real detection will be difficult
due tosource/geometrydetails.
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Method IV: ~-rays (fG)

Attenuatlon from electromagnetlc cascade of TeV photons

primary

Dolag et al. 2010 .
Tavecchio et al. 2010 s .
Neronov & Vovk 2010 o

electromagnetic cascadeelectron palr productlon |nteract|on with EBL
cooling of electrons: inverse compton scatter with CMB pinst
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Method IV:. ~-rays (fG)
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B>5x107°G (Neronov & Vovk 2010, Tavecchio et al. 2010




Method IV:. ~-rays (fG)

-10F—— -
10 MHD (x) MHD Gal3
—— Model 3x —— MHD Gal5

—— MHD (x)
—— Model 3x
—— MHD Gal3

—— MHD Gal5

10 11 12 13 14
log,,(E/eV)

= B > 3 x 1071° G in at least 40% of space !
= Strongconstrainson theorigin of EGMFs
(Dolag, Kachelriess, Ostapchenko & Tomas 2))10
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I\/Iethod \VA Neutrlnos

(b) IceCube PeV Neutrinos

Kalashev, Kusenko & Essey 2013

Electromagnetic cascade will also produce neutrino signal

IceCube detected 2 Neutrinosvith PeV energies !
= Compatible with attenuation signal !
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Summary

Faraday Rotat|on (RM) of polanzed radlo emission Propagat|on of ultra high energy cosmic rays (UHECR)

MHD simulations

MHD Gal(3)
MHD (z) halo cores
MHD Gal(5)

MHD (y
MHD (x

Sheets &i

F\\oments

. o T § 2o
: : o TeV U a.m w | N | 4 : ¥ ‘ : 3 primary

Neronov et al. 2010 & X

Dolag et al. 2009 4 A e A Y Dolag et al. 2010
Neronov & Semikoz 20§ ’ . W RN aeitng Tavecchio et al. 2010
Aharonian et al. 1994 it . | ¢ o S Ll - -. Neronov & Vovk 2010

UHECMessengers oparew window to Cosmic Magnetism !
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Summary
ObservationsRM & Radio probes 1G, maybe nG

* Measurement of magnetic field power spectra

* Clear indication of magnetic field topology

* Indications for minimum/maximum length scale

* RM-Galaxy correlation consistent (but foreground / noise)

ObservationslHECR & ~-rays probes10~1% — 107°G)

* High Energy Astronomy helps probing their origin
* UHECR propagation consistent (still under discussion)

* TeV observations of halos would exclude significant
contribution from primordial fields
(but observations challenged)

* TeV observations of attenuation probes filling factor in
voids (but observations challenged by plasma physics)

* First cosmological neutrinos detected (ICE cube)
opens independent probe of UHECRM propagation.

= growing field of research !
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