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e+/e− Spectrum / Positron Excess

• Observation: Unexpected rise in
positron fraction (e+ + e−)/e+

• Incompatible with expectations

from standard secondary e+

production

• Possible sources:

• local astrophysical point sources

like pulsars

• dark matter annihilation

• Electron and positron fluxes are

compatible with a symmetric source

Germany: KIT/RWTH

[PRL. 110, 141102 (2013)] Editors’ suggestion

[PRL. 113, 121102 (2014)] Editors’ suggestion
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Summary

• In the foreseeable future AMS-02 will continue to be the only

cosmic ray experiment with charge sign identification.

• Since 2011 AMS has collected a total of 125 billion events.

• The accuracy of the data is challenging our understanding of

cosmic ray transport.

• AMS will continue to take data until 2024 or longer.

What to Expect in the Future

• High statistics antimatter fluxes dark matter searches.

• Heavier nuclei → understanding of cosmic ray sources and propagation

( + CALET, DAMPE, ISS-CREAM).

• Complex antimatter (He, d) → search for primordial antimatter.
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Overview

• 20 years of high quality data

→ Data taking finished in 2013

→ analysis still on going!

• Field critical results

→ Discovered light/heavy knee

→ Hadronic model tension Muon excess

• Working for the science community

→ Detectors used in LOFAR and Tunka

→ Pioneer in open data access
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KCDC: Open Data!

https://kcdc.ikp.kit.edu/

• KCDC (KASCADE Cosmic ray Data Centre):

means publishing research data from KASCADE

• Motivation and Idea of Open Data:

- general public has full access/use of the data

- the data is preserved for future generations

• Web portal:

- provide a modern software solution

- release the software as Open Source

- educational examples

• Data access:

- latest release (Feb. 2017) with

4.3× 108 EAS events

- simulation data

- energy spectra of other experiments

• Pioneering work in publishing research data
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IceTop/IceCube Combined Analysis

• Spectrum

• 3 years of data

• combines IceTop and IceCube

signals

• Very good matching between

combined analysis and IceTop

only analysis

• Composition

• Shown is the log of the primary

mass with the results of other

experiments

• analysis combines IceTop signal

with information from deep muon

signal in IceCube

• represents 3 years of data

T. Gaisser et al. Nucl. B Proceedings 00 (2016) 1-9
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Dipole

• Relative intensity of

cosmic rays from 7

years of IceTop data

• Dipole strengthens with

energy then begins to

flip at 100TeV

• Shown to be stable

over time

• matches with HAWC

data

→ arXiv:1708.03005

R. Abb et al. ICRC2017, arXiv:1710.01194
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IceTop Enhancements
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TAIGA: Tunka-Rex
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Tunka-Rex Overview

• Located at TAIGA facility in Siberia for

Gamma Astronomy and Cosmic Rays

• 63 antennas on 3 km2

• 3 antenna stations per cluster

• Cluster spacing of 200 m

• Frequency range: 30 - 80 MHz

• Trigger:

• Air-Cherenkov detectors (Tunka-133)

• Particle detectors (Tunka-Grande)

F. Schröder et al, PoS ICRC2017, 459
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Pierre Auger Observatory Overview
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Spectrum

E < Eankle :

Φ(E) ∝ Eγ1

E > Eankle :

Φ(E) ∝ Eγ2

[
1 +

(
E
Es

)∆γ
]−1
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Cosmic Ray Dipole

• Large scale anisotropy detected at > 5.2 sigma

• Dipole amplitude of 6.5%

• Dipole analysis and interpretation extended down to 4× 1018 eV

• Definitive signal of extra-galactic sources!

A. Aab et al., Science 357 (2017) 1266
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Indication of Anisotropy at Higher Energies

SBG fraction: 9.7%

search radius: 12.9◦

pre-trail p-value: 3.8× 10−6

post-trial p-value: 3.6× 10−5

post-trial significance: 4.0 σ

search radius: 6.9◦

pre-trail p-value: 5.1× 10−4

post-trial p-value: 3.1× 10−3

post-trial significance: 2.7 σ

A. Aab et al. ApJ 835 (2018) L29
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Xmax Moments 17.2 – 19.6 ICRC17

Interesting elongation rate break at 18.27 lg[E/eV]

79± 1 g/cm2/decade → 26± 2 g/cm2/decade

Pierre Auger Collaboration. ICRC 2017 arXiv:1708.06592
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Mass Fractions

Pierre Auger Collaboration. PRD 90, 122006 (2014)
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AERA E/Xmax Res

Radio energy consistent with surface detector

3-4 station σ = 20%, ≥5 station σ = 14%

Radio Xmax consistent with fluorescence detector

45 g/cm2 combined FD + RD Resolution

→ 37 g/cm2 RD Resolution

Pierre Auger Collaboration. PRD 93, 122005 (2016) 12
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Horizontal Air Showers (HAS) with AERA

HAS in Radio :

• Footprint size increases with θ

→ larger distance from source

(Xmax)

Huge Radio Footprints :

• SD core ∼15 km from AERA

• ESD 2.9 EeV

• (θSD , φSD): (82.6
◦, 277.4◦)

• (θRD , φRD): (87.1
◦, 277.1◦)

• First observation of radio

footprint > particle footprint

Sparse 1.5 km radio array possible

for high energy HAS showers
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Auger Upgrade Motivation

Key Science questions:

• What are the sources and

acceleration mechanisms

of UHECRs?

• Do we understand

particle acceleration and

physics at energies well

beyond the LHC scale?

• What is the fraction of

protons, photons, and

neutrinos in cosmic rays

at the highest energies?
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Auger Prime

Upgrade underway:

• Adding a 3.8m 2 scintillator detector SSD

to each of the 1600 stations in the array

• Upgrade the electronics of increase

sampling rate

• Increase FD duty cycle by up to 50%

Physics benefits of upgrade:

• full duty cycle shower by shower

composition measurements

→ composition of cutoff

• Measurements of muon spectrum at high

energies

→ shower physics and model testing

• increased energy accuracy and reduced

systematics

→ easier to combine results with TA

• increased geometric reconstruction

accuracy

→ reduced systematics across the board

• full sensitivity down to ∼ 60◦ zenith
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Auger Prime Progress

Upgrade Status:

• Full upgrade is 70% funded

• Engineering Array: good results and

stability

SSD Assembly:

• Production ramping up

• More than 600 modules built

• Assembly at: Aachen, Grenoble,

Karlsruhe, Krakow, Leece, Nikhef

• Deployment by 2019, run into 2025

For more details see Poster!
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Auger Radio Upgrade

Upgrade plan:

• Add a SALLA Radio Antenna to each

surface station: 30-80 MHz

• Use/upgrade existing electronics and

power infrastructure

• Already fully funded!

Physics benefits of upgrade:

• Extends e/m-µ sensitivity to showers

below ∼60◦ zenith

→ Extends SSD analyses to low zeniths

→ increase composition sensitive

sky-coverage

→ more overlap with TA

• Independent mass scale

→ lowers uncertainties of all mass

measurements

• Energy reconstruction independent of FD

→ lowers uncertainties due to atmospheric

conditions

• clean e/m measurements

→ shower physics and model testing
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The Extreme Universe Space Observatory (EUSO)

Goals:

• Pathfinder for space based

Fluorescence/Cherenkov telescopes

• Huge footprint gives access to highest

energy CRs, γ-rays and neutrinos

• Direct measurement of shower profile

Experiments:

X JEM-EUSO: proposed full telescope on ISS
√

Mini-EUSO: single camera module in ISS
√

EUSO-TA: camera module at TA
√

EUSO-SPB: camera balloon payload
√

TUS: free-flying single telescope

◦ K-EUSO: approved full telescope on ISS

? POEMMA: Stereo free-flying telescopes
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Summary

• The German contribution to cosmic ray physics underpins the field

• Many of the highest impact results in the field are coming from German lead

analyses

• Lots of recent big discoveries cosmic ray experiments

• AMS: Positron Excess

• IceTop/IceCube: Cosmic ray dipole anisotropy in the TeV to PeV scale

• Pierre Auger Observatory: Dipole anisotropy above 8EeV

• Big changes and improvements on the horizon

• Auger Prime

• Auger Radio upgrade

Thank you for your support!
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Questions?
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AMS in Germany
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AMS Mission
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