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UHECR Composition
Pierre Auger Coll., Phys.Rev. D96 (2017) no.12, 122003
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UHECR Composition adding ad-hoc UHE p to Unger, Farrar & Anchordoqui 2015 model
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But what if there is no sub-dominant light component?

Auger combined fit:
JCAP 1704 (2017) no.04, 038

V. Pavlidou, TeVPA 2017
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Average Rigidity vs. Energy using EPOS-LHC fractions from Pierre Auger Coll., PRD 2014
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Average Rigidity vs. Energy using EPOS-LHC fractions from Pierre Auger Coll., PRD 2014
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Anisotropies and Magnetic Fields
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GMF Uncertainties Unger&Farrar, ICRC2017, arXiv:1707.02339
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each square is a different GMF model describing RM and synchrotron data
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Source (De-)Amplification Factor Sutherland&Farrar arXiv:1711.02730

λcoh=30 pc
R = 3 EV R = 10 EV R = 30 EV

λcoh=100 pc
R = 3 EV R = 10 EV R = 30 EV

parts of the extragalactic sky invisible at Earth at low rigidity
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Conclusion

I best case scenario:
I select low-Z component if exists (AugerPrime)

I otherwise: need to correct deflections
I seems feasible above R & 20 EV

see M.Erdmann et al, Astropart.Phys. 85 (2016) 54, Unger&Farrar, ICRC2017, arXiv:1707.02339, Sutherland&Farrar arXiv:1711.02730

I but 60 EeV CNO has rigidity of R . 10 EV
I restrict to certain regions of the sky?
I need charge-sensitive observatories
I improve knowledge on GMF

dedicated efforts from UHECR community to improve GMF uncertainties
role-model: UHECR-driven theory and experiments for soft hadronic interactions
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Outlook: Improving GMF Corrections of UHECR
Arrival Directions
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We know that magnetic fields are pervasive across all scales in the Universe and over all of cosmic
time and yet our understanding of many of the properties of magnetic fields is still limited. We do
not yet know when, where or how the first magnetic fields in the Universe were formed, nor do
we fully understand their role in fundamental processes such as galaxy formation or cosmic ray
acceleration or how they influence the evolution of astrophysical objects. The greatest challenge
to addressing these issues has been a lack of deep, broad bandwidth polarimetric data over large
areas of the sky. The Square Kilometre Array will radically improve this situation via an all-
sky polarisation survey that delivers both high quality polarisation imaging in combination with
observations of 7-14 million extragalactic rotation measures. Here we summarise how this survey
will improve our understanding of a range of astrophysical phenomena on scales from individual
Galactic objects to the cosmic web.

Advancing Astrophysics with the Square Kilometre Array
June 8-13, 2014
Giardini Naxos, Sicily, Italy
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3-d Magnetic Tomography  

Tassis & Pavlidou 2015 

•  Use stars of known distances  
as lamp posts 

•  Measure stellar polarization 
   get B at different distances 

•  Possible for the first time: 
 
GAIA distances       PHAESTOS massive   

 109 stars         polarimetric survey 

powered by WALOP 
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ABSTRACT
We present a simple, yet realistic and flexible model for large-scale magnetic fields
in astrophysical discs (in particular, spiral galaxies and accretion discs) obtained as
an approximate solution of the averaged induction equation in the turbulent disc and
halo. The solutions presented are axially symmetric but the approach can be extended
straightforwardly to non-axisymmetric cases. The magnetic fields of the model are
solenoidal by construction, can be helical, and are parametrised in terms of observable
properties of the host object, such as the rotation curve and the shape of the gaseous
disc. The magnetic field in the disc can have a prescribed number of field reversals at
any specified radii. Both the disc and halo magnetic fields separately can have either
dipolar or quadrupolar symmetry. The model can be used in interpretations of obser-
vations of magnetic fields in the Milky Way and other spiral galaxies, in particular as
a prior in Bayesian analyses. Although the range of magnetic configurations accessible
with the model is not restricted to mean-field dynamo solutions, the model can be
used for a simple simulation of a time-dependent magnetic field generated by dynamo
action. The model is implemented as a publicly available software package galmag
which allows, in particular, the computation of the synchrotron emission and Faraday
rotation produced by the model’s magnetic field.

Key words: Galaxy: general – galaxies: spiral – magnetic fields – dynamo – polar-
ization

1 INTRODUCTION

Recent increased interest in the large-scale magnetic fields
of the Milky Way (MW) and other spiral galaxies is driven
by a better appreciation of their role in the dynamics of the
interstellar medium (ISM), feedback processes in evolving
galaxies, and new observations of polarization in the sub-
mm and radio ranges. Observations of the arrival directions
of ultra-high energy cosmic rays (UHECR) (Kotera & Olinto
2011) and sub-mm observations (Planck Collaboration et al.
2016, and references therein) require a reliable knowledge of
the structure of the large-scale magnetic field for their in-
terpretation. Another source of interest are observations of
external spiral galaxies which have resulted in rich polar-
isation data for their discs and haloes (Wiegert et al. 2015;
Mao et al. 2015).

A range of heuristic models for the structure of the
Galactic magnetic field (GMF) have been proposed (e.g.,
Sun et al. 2008; Jaffe et al. 2010; Van Eck et al. 2011; Jansson

? E-mails:

anvar.shukurov@ncl.ac.uk (AS); luiz.rodrigues@ncl.ac.uk (LFSR);

paul.bushby@ncl.ac.uk (PB); j.hollins@ncl.ac.uk (JH);

j.rachen@astro.ru.nl (JPR)

& Farrar 2012a,b; Ferrière & Terral 2014; Terral & Ferrière
2017). Magnetic fields in these models are superpositions of
various ad hoc parts whose parameters are selected by fitting
to a range of observables. The heuristic nature of the models
makes them rather inflexible. Furthermore, their parameters
are not necessarily related to the ISM properties (often lack-
ing a transparent physical meaning), and many such models
fail to satisfy even such fundamental constraints as ∇·B = 0.
For a discussion of the current status of GMF modelling and
its problems, see IMAGINE Consortium (2018).

Here we propose a simple (that is, flexible, adjustable,
analytic) and yet realistic (i.e., based on relevant equations
and observations) model of the large-scale (mean) magnetic
field in the disc and halo of the Milky Way and other spiral
galaxies. Potential applications of such a model include mod-
elling of cosmic ray propagation (in particular, UHECR),
interpretations of Faraday rotation measurements and syn-
chrotron observations, etc. The model has been implemented
as a publicly available software package galmag1. Although
the text is focussed on applications to spiral galaxies, the
model can equally be applied to accretion discs.

1 https://github.com/luizfelippesr/galmag

© 2018 The Authors
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Uncertainties in the Magnetic Field of the Milky Way
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We improve on the model of the Galactic Magnetic Field (GMF) from Jansson & Farrar (2012),
which was constrained using all-sky rotation measures of extragalactic sources and polarized and
unpolarized synchrotron emission data from WMAP. We have

• developed several alternative functional forms for the coherent and random components

• used newer synchrotron products from Planck and WMAP

• used new models of the densities of thermal electrons and cosmic-ray electrons.

The differences in the resultant GMF models, depending on which parameterization of the field,
synchrotron product and electron densities are used, provides a measure of the uncertainty in our
inference of the GMF. We discuss the impact of these uncertainties on charged-particle astronomy
at ultra-high energies.
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