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Victor Hess before his 1912 balloon flight
in Austria, during which he discovered
cosmic rays




WHY ?

This workshop is on polarized foregrounds for CMB.

So why consider the high-energy astrophysics connection ?

High-energy astrophysics = cosmic-rays, gamma rays, synchrotron

Gives insight into the synchrotron emission — spectral and spatial
Contributes to understanding synchrotron rather than to template generation.

Polarized synchrotron is essential part of the topic.



Topics
Synchrotron in high-energy context
Spectral aspects
Polarization, magnetic fields

Gamma rays



High energy particles and radiation in the Galaxy




Intergalactic space




COSMIC RAYS produce many observables

/‘ Intergalactic space

GALPROP model



Galaxy luminosity over 20 decades of energy
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Cosmic-ray interactions

by their photon emission

probed

The Planck one-year all-sky survey Cesa 065 1FL aod LFL somtaio by 2620



The goal : use all types of data in self-consistent way to
test models of cosmic-ray propagation.

Observed directly, near Sun:
primary spectra (p, He ... Fe; e’) =
secondary/primary (B/C etc)
secondary e* , antiprotons...

Observed
from whole
Galaxy:

Y - rays
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Cosmic-ray propagation

op (r,p)/ot = q(r,p)
cosmic-ray sources (primary and secondary)

+ [ '(DXXDL|J — vy )
diffusion convection

2 2
+ 0/0p [pZDppO/Op ey /p 7 PP B PV,

diffusive reacceleration (diffusion in p)

— d/op [ dp/dt @ - p/3{@vVv)y ]
momentum loss adiabatic momentum loss
lonization, bremsstrahlung

-y /T nuclear fragmentation
-y /1 radioactive decay



Producing the cosmic-ray electron spectrum

flux

injection

energy
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Producing the cosmic-ray electron spectrum
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Producing the cosmic-ray electron spectrum
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Cosmic-ray secondary/primary ratios: e.g. Boron/Carbon
probes cosmic-ray propagation

Boron / Carbon

Boron/Carbon B/G ratio
- b =450 MV

¥ Voyager
@ Ulysses
. O ACE
odulatioRHeac-2
O Chapell, Webber 1881
B Dwyer 1978
¥ Maehl et al. 1977

Kinetic energy, GeV/nucleon

However reacceleration not proven, maybe does not happen
- 'pure diffusion’ model: D_(p) ~ p°° , constant < 3 GeV.



PD model
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wave damping

plain diffusion diffusive reacceleration
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Connecting Synchrotron, Cosmic Rays, and Magnetic
Fields in the Plane of the Galaxy

MNRAS 416, 1152 (2011)

Uses RM, polarization, MCMC.
Cosmic-ray electrons from sources + propagation

See talk by Tess Jaffe, this workshop.
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ABSTRACT

Aims. We exploit synchrotron radiation to constrain the low-energy interstellar electron spectrum, using various radio surveyvs and
connecting with electron data from Fermi-LAT and other experiments.

Methods. The GALPROP programme for cosmic-ray propagalion, gamma-ray and synchrotron radiation 1s used. Secondary electrons
and positrons are incloded. Propagation models based on cosmic-ray and gamma-ray data are tested aganst synchrotron data from
22 MHz to 94 GHz.

Results. The synchrotron data confirm the need for a low-energy break in the cosmic-ray electron injection spectrum. The interstellar
spectrum below a few GeV has to be lower than standard models predict, and this suggests less solar modulation than usoally assumed.
Reacceleraton models are more diflicult to reconcile with the synchrotron constraints. We show that secondary leplons are important
for the mterpretation of synchrotron emission. We also consider a cosmic-ray propagation ornigin lor the low-energy break.
Conclusions. Exploiting the complementary information on cosmic rays and synchrotron gives unigue and essential constraints on
electrons, and has implications for gamma rays. This connection 1s especially relevant now in view of the ongoing Planck and Fermi

MI55100N5,

Following results based on this paper.
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Cosmic-ray electrons Synchrotron
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Effect of electron injection spectral index  strong, Orlando & Jaffe, A&A 534, A54 (2011)
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Model Synchrotron spectral index

408 MHz — 23 GHz

avnchrotron_index_ skymap 54 z10LMZ 405-2%540 MH=z

3.1 J.lz

Model predicts small but systematic variations due to propagation effects.
Reality is of course much more complex (Loop | etc not modelled).

The model gives a minimum underlying variation from electron propagation.



Total B (local) =7.5 pG from this analysis

Using high latitudes only, avoiding Loop | etc



Orlando and Strong 2012, submitted
What is new :

Polarized synchrotron

Separates regular from random B
Now modelled in GALPROP

B-fields from literature, basic modifications to fit data.



Orlando and Strong 2012, submitted
What is new :

Polarized synchrotron

Separates regular from random B
Now modelled in GALPROP

B-fields from literature, basic modifications to fit data.



Cosmic-ray electron distribution is a main input from gamma rays.
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408 MHz

Using various
B-field

and
cosmic-ray
models

Interstellar radio emission

R
E
——

V

Haslam

Regular B-field models from Sun etal, Pshirkov et al.
Scaling factor applied.



B-field

and
cosmic-ray
models

Using various°

Regular B-field models from Sun et al, Pshirkov et al.
Scaling factor applied.



Local B- field from this paper

Using Fermi-LAT cosmic-ray electrons
408 MHz

23 GHz WMAP polarized

Regular : 3-4 pG
Random : 6 pG
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Exploiting gamma rays

o
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Gamma-ray
Space Telescope
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Cosmic-ray protons interacting with gas : hadronic (pion-decay)

Cosmic-ray electrons and positrons interacting with gas : bremsstrahlung
interacting with interstellar radiation : inverse Compton
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The Planck one-year all-sky survey fesa ) EEA. HFL nnd LFI oo, by 2800

A lot of common astrophysics, cosmic rays, gas, magnetic fields !



Fermi-LAT
Inner Galaxy Gamma Ray Spectrum

o
|
w
o
lt-'
=
15}
-
<
—_
——
n
~

E,

(data-model)/data

Ackermann et al. ApJ 750, 3 (2012)



Interstellar Cosmic ray spectra derived from gamma rays

p— y
TULID, i &

ﬁ Gamma-ray gas emissivity used to derive Cosmic-ray protons
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PRELIMINARY
Below 10 GeV affected by solar modulation, but gamma rays probe the interstellar spectrum.

Gamma-ray emissivity of local interstellar gas — Fermi-LAT Collab.

Power-law in momentum overall, but low-energy break
e.g. from power-law injection and interstellar propagation (diffusion = f(E))

Interstellar spectrum essential to test heliospheric modulation models.



Fermi Bubbles

(related to WMAP Haze ?)

Planck haze (arXiv:1208.5483)
Overlaid on Fermi Bubbles

connection to 511 keV line ?

INIEICE

centred on Galactic Centre
leptonic

unknown origin




CONCLUSION

Exploiting high-energy connection for synchrotron makes sense
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