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Introduction:
Cosmic Rays




Cosmic Rays
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E2-5 X Flux Equivalent c.m. energy \'s,, (GeV)
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The relevance of power laws
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Cosmic rays < the non-thermal Universe
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Origin of Extragalactic Cosmic Radiation

Active Galactic Nuclei PSRERIt S e S
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Production in Cosmic Accelerators

protons/nuclei (+Bremsstr.
electrons/positrons

radiation fields and matter



neutral messengers (y, v)

g — not deflected in B fields
i -, % — astronomy possible

charged cosmic rays at
Galactic energies
— isotropized in B fields




Detection
Techniques for
High Energy
Cosmic
Messengers
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Gamma Ray Telescopes
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IceCube: Neutrino Telescope in Ice
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Anti-matter from the Universe
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Outline

= Cosmic Rays and Air Showers
= Dark Matter: WIMPs and ALPs
= Quantum Gravity



= Cosmic Rays and Air Showers



Air Shower Simulation
and tuning of interaction models
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CMS (magnet off) multiplicity spectra at /s
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Air shower interaction models
EPOS-LHC QGSJet  Sibyll

arXiv:1507.05915

tend to perform better than particle physics generators

for multi-particle spectra



Mass Composition
golden key to understand spectral features
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\ Shower Maximum
Xmax [9/cm?]

Shower Depth



Mean and width of X, distribution = mass mix
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Mystery: Overproduction of myons at highest energies

2.4 1.0 ‘ ‘ ' ' ‘ ‘
55 © EPOs LHC E=10YeV,0 = 67°
' 0 QGSJET II-04
2.0 0.8 & QGSJET 11-03 —
» QGSJETO1
< 181 M * QGSJET Auger
(] D A 0.6 [ o ] d
2 1.6 B ata
S it P
< S T T
212 02f Fo e T
® Augerdata P N \
- - EPOSLHC He o
1.0+ QGSJET 11-04 0.01 \p
T T 680 700 720 740 760 780 800 820
E/eV (Xmax) /gcm_2

L. Collica, ICRC 2015

* Problem with interaction models? Very hard to solve!
* New particle physics at highest energies?
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= Dark Matter: WIMPs and ALPs



Axion-Like-Particles
~ (ALPs)




Axion-Like-Particles (ALPSs)
non-thermally produced light DM candidates

Pseudo-Nambu-Goldstone Bosons

« U(1) symmetries arising in string theory (Alps)
 global U(1) Peccei-Quinn symmetry (QCD-Axion)

Coupling to photons:
Photon external B-field

Ne
Lov = gy E-Ba

“SALPs field



Rich experimental program
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Simulation of ALPs enhancements:

Intrisic source spectrum extracted from measured low-E spectrum
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H.E.S.S. search for ALPs-induced spectral wiggles
Flux from PK82155 304 (z 0. 116)
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Status and prospects:
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M. Ajello et al. (The Fermi-LAT Collaboration), Phys. Rev. Lett. 116, 161101



WIMP Dark Matter



WIMP detection - the threefold way

Standard
Model
particle

Standard
Model
particle

@direct detection

creation in the @

WIMP

<UO!10919P JoalIp

WIMP



Where to look?

gravitational centres with small astrophysical backgrounds

iy NASA
Sun Core

GalactiC""Centre

Galaxies



= WIMP What to look for?

v, v
characteristic emission of high energy particles

CSEININEREVE
neutrinos > detectable on earth?

anti-matter



Expected fluxes for neutral messengers (v, y)
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H.E.S.S. Il mono sensitivity 100h, DM DM — bb
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Beware: Model dependencies
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Astrophysics:
DM profiles
(n-body simulations)

BSM particle physics:
y rays from various DM

annihilation channels

sensitivities reaching thermal relic scale!!




Hot topic: GeV excess in Galactic Centre (Fermi LAT)

after subtraction of diffuse
background and known sources

NASA/T. Linden, U.Chicago




New: gamma ray distributions claimed to be “clumpy”
= huge source population just below threshold
(e.g. millisecond pulsars)?
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Bartels et al., Phys. Rev. Lett. 116 051102

Similar claims by
Lee et al., Phys. Rev. Lett. 116 051103



A neutrino special:
WIMP annihilation in the
core of the Sun (or earth)




Age 4.5x10° y = equilibrium capture vs annihilation rate
reached for canonical thermal relic (ov)

capture rate —

«— annihilation rate

Q
>
>

Neutrino flux dependson Oyp, noton Ty /!



= competitive limits for o, (spin-dependent x-sect.)

IceCube Collaboration 2016
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Comparison to direct searches and LHC searches
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Antimatter Anomalies
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LHCb: special p-He, p-Ne, p-Ar runs

e originally for beam-profile/luminosity measurements
* p-He cross sections for cosmic ray antiproton production

Gas flow to
VELO detector

Connection to ! ! b g
high pressure + & L A
gas (neon, argon, 4 ! Yy 4

helium) bottle .

> —



= Quantum Gravity



Quantum-Gravity
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Very distant objects with burst-like activity

Active Galactic Nuclei

'.

short 1 long
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https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2010/07/ P. T. O'Brien, R. Willingale
Phil. Trans. R. Soc. A 2007;365:1179-1188



Photon propagation speed (Taylor expansion)
Power of first non-zero term

” i o
u(E) = ¢ X 1:n—|—
2 ;?QG :

Quantum Gravity scale

Effective field theory with d = dim(leading operator):
= | =4
unrestrictedcase: 1 = 1

theories with CPT symmetry: 72 = 2



The Blazar PKS 2155 - an exceptional flare

).25 —().28 Te VPrks 2155304 pata

0.25-0.28 TeV
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* peak flux > 50 times average
» doublingtimes =3 min, Ry o /¢ = 200 min



Current limits on E,; (95% c.l.)

PKS 2155 flare: Eqg.n=1 > 2.1 x 10'%GeV
s Eognes > 6.4 x 101°GeV

GRB 090510 (z=0.9): Eqq.n=1 > 9.3 X 10"7GeV
(Fogel) Eqgnes > 1.3 x 10!1QeV

Planck Scale: Ie—RIN>) % 1019GeV

Warning: analyses assume no energy dependent
delays in the sources



Conclusions

* strong astro & particle links really exist

» some of the big questions will require tight
cooperation of both fields

Stay fascinated!



