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Outline of the presentation
Ø Some statistics
Ø Measurements

ØPrimary Cosmic Rays (p, He, C, O)
ØHeavier nuclei 
ØSecondary Cosmic Rays
ØAntimatter
ØElectrons & Positrons
ØAnisotropy
ØSolar Modulation

Ø Theory (very short summary …)



Cosmic-Ray Direct impact at ICRC
We can divide in 2 categories:

• CRD-Experiment
• CRD-Theory

Total number of CR contributions:    96

CR
Highlight         3
Oral               55
Poster            38

CR EX       74
TH       22

3

Many other posters shared with «Solar&Heliospheric»



Experiments presented at ICRC
EXPERIMENT HL ORAL POSTER

AMS-02 1 13 1

BESS 1

CALET 1 5 1

CRIS 1 1

CUBE-SAT 1

DAMPE 1 7 10

FERMI 1 1

GAPS 1 2

EXPERIMENT HL ORAL POSTER

HELIX 1 3

HEPD-02 1

HERD 1 3

HNX 1 1

ISS-CREAM 2 6

LISA 1

OLIVE-HERO 1

SUPER-TIGER 2 2

Wide coverage over the experimental situation 



Primary
cosmic rays
(p, He, C, O)
CR injection

and 
acceleration



Alpha Magnetic Spectrometer AMS-02
H9:
Bruna Bertucci

Installed on ISS on 19th May 20110 



Proton and helium with AMS-02 (1 GV–> 2 TV)

Important feature: confirmation of the deviation from a single 
power-law in both species at roughly 200 hundred GV

CRD8b: Qi Yan
H9: Bruna 
Bertucci



p/He ratio with AMS-02

Important feature:

Confirmation that p/He not constant

CRD8b: Qi Yan
H9: Bruna 
Bertucci



Carbon and Oxigen with AMS-02

Important features:

deviation from a single power-law in 
all species at few hundreds GV

Same spectral behavior for He, C, O 
above 60 GV

CRD8b: Qi Yan
H9: Bruna 
Bertucci



CALorimetric Electron Telescope CALET
H7: Yoichi AsaokaLaunched August 19th, 2015 



Proton flux with CALET (50 GeV – 10 TeV)
H7: Yoichi Asaoka
CRD8e: PierSimone
Marrocchesi

Important feature: confirmation of spectral hardening but at higher energy.
Is something happening at 10 TeV?



Carbon and Oxygen with CALET
H7: Yoichi Asaoka
CRD8f: Paolo 
Maestro

Important feature: confirmation of spectral
hardening.
Some tension with AMS data (20% discrepancy)



Dark Matter Particle Explorer DAMPE
H16: Qiang Yuan



Proton and helium spectra with DAMPE
Prelim. proton spectrum 50 GeV à 80 TeV

Prelim. helium spectrum 10 GeV/n à 5 TeV/n

Important features for protons: 
• confirmation of spectral hardening

but at 400 GeV
• Softening above at 10 TeV

CRD8g: Chuan Yue
CRD8h: Margherita Di Santo



ISS-CREAM CRD7f: Eun-Suk Seo
CRD7c: Ryuiji Takeishi



The High Energy cosmic-Radiation
Detection facility HERD



Heavier
nuclei

Origin of CRs

CR acceleration



Super Trans Iron Galactic Element Recorder
Super-TIGER



Super-Tiger UH CR Zà 41-56 CRD3a:
Nathan Walsh

SuperTIGER measures UHGCR  to test the 
OB association origin of cosmic rays at
higher Z, in which:
1) the GCRs are a mix of massive star 

material and normal ISM
2) refractory elements that condense in 

dust grains are preferentially
accelerated compared to volatile 
elements residing in gas.

Both supernovae in OB associations and 
binary neutron star mergers produce r-
process nuclei.  
Measurements up to Barium (Z=56)  will
be able to put constraints on the r-
process production models of SNE and 
BNSM. 

Improve upon the SuperTIGER charge assignment analysis done
in APJ, 831, 2016 in the Z=30-40 charge range. 
Extend the charge assignment analysis to higher charges (up to 
Z=56)





Ultra-Heavy nuclei with CRIS (ACE) à 21 years !
CRD3d:
Martin Israel



CRD3d:
Martin Israel



Ne, Mg, Si, S with AMS-02

Important features:

3 primary groups behaving different:
• He, C, O
• Ne, Mg, Si
• S

CRD7a:
Qi Yan



CRD3c:
Brian Rauch

Ultra-Heavy nuclei with CALET: 3 years data
CRD3b:
Yosui Akaike



The Heavy Nuclear eXplorer CRD3f: John Mitchell

HNX was proposed to NASA in response to the 2014 Small Explorer Announcement of Opportunity, but unfortunately
not selected. Developing for next SMEX AO. 



Secondary
cosmic rays

CR propagation



Li, Be, B with AMS-02

Important feature:
Secondary/primary ratios harden at 192 GV by 
Dg = 0.13. The flux hardening seems to be a 
universal propagation effect.

CRD6b:
Alberto Oliva



Isotopes with AMS-02
CRD6c:
Carlos Delgado

CRD6e:
Laurent Derome

Important feature: single power-law



High Energy Light Isotope eXperiment HELIX
CRD6h:
Nahee Park



Antimatter
(antiprotons & 
antideuterons)

CR propagation

New sources



CRD1a: Cheng Zhang
H9: Bruna Bertucci

Flux from 1 to 450 GV

Partially extended wrt
PRL 117, 091103 (2016)

Important feature:

Antip/p flat for R>60 GeV

Antiprotons in AMS-02



Bess-Polar I and II CRD1d:
Kenichi Sakai



CRD1d:
Kenichi Sakai

Antideuteron searches with BESS-Polar II
Why antideuterons ?



CRD1d:
Kenichi Sakai



Antideuterons and antiprotons with GAPS CRD1f:
Ralph Bird



CRD1f:
Ralph Bird



AMS-02 antiproton data CRD1b:
Mathieu Boudaud

USINE code



Electrons
and 

positrons

Electrons

Electrons

Electrons

Electrons

CR acceleration
CR propagation

New sources



Electrons and positrons with AMS-02

CRD2b: Weiwei Xu
H9: Bruna Bertucci

CRD2h: Zuhao Weng
H9: Bruna Bertucci

Phys. Rev. Lett. 122, 041102 (2019)

Electron flux x E3 Positron flux x E3



Positron and electron fluxes overimposed

Positron fraction

CRD2b: Weiwei Xu
H9: Bruna Bertucci

CRD2h: Zuhao Weng
H9: Bruna Bertucci



Spectral indexes
Important feature:
• New source of positrons

(Pulsars, SNRs, DM)? 
• Review of SND paradigm?



Electron/positrons/protons/antiprotons by AMS-02

Important feature:
• Primaries and 

secondaries same
spectral behavior?



Electrons + positrons with CALETCRD2c:
Shoji Torii

Confirmed electron flux suppression seen by grd exps at E > 1 TeV
Some tension between data (energy scale)?



Electrons + positrons with DAMPEH16:
Qiang Yuan

Confirmed electron flux suppression seen by grd exps at E > 1 TeV
Some tension between data (energy scale)?



Lepton data and nearby cosmic accelerators
CRD1c:
Ottavio Fornieri

Two main features:
Positron and electrons
«excess»
not reproduced



CRD1c:

Ottavio Fornieri

(Monogem. Geminga, 300 pc))

Once «positron factories» are established,

still an «electron source» is needed.

(7 kpc))

Best fit: 4 known SNR within 1000 pc +

1 hidden SNR source 600-1200 pc



Authors fit the (e+ + e-) spectrum on many energy decades using Vela, Cygnus, a 
smooth distribution of SNRs, PWNe and secondary production. 
They find a model which is compatible with all the (e+ + e-) flux data, the radio 
data for Vela YZ and Cygnus Loop, and with the anisotropy upper bounds.

Multimessenger constraints
to electron data

CRD2g:
Fiorenza Donato



Electron spectrum at SNR CRD5h:
Rebecca Diesing

Although the life-time of a typical SNR is much shorter than the CR galactic residence time, 
CR acceleration leads to magnetic field amplification producing magnetic fields that are 
hundreds of times stronger than that of the Galaxy



CRD5h:
Rebecca Diesing

Proton and electron spectra near
the end of the SNR lifetime



Anisotropy

Distribution of 
CR sources



Fermi Large Area telescope

• Tracker: tungsten conversion foils + silicon strip 
detectors, 1.5 radiation lengths on-axis

• Calorimeter: 1536 Cesium Iodide crystals, 8.6 radiation 
lengths on-axis, gives 3D energy deposition distribution

• Anti-Coincidence Detector: charged particle veto 
surrounding Tracker, 89 plastic scintillator tiles + 8 
ribbons

Flying since 11 June 2008

CRD4h:
Justin Vandenbroucke



Dipole anisotropy with FERMI
• Cosmic-ray anisotropy has been measured from 

TeV to EeV scale by ground-based experiments
• Most of these experiments make 1D 

measurements in right ascension (insensitive to 
declination)

• Ground-based experiments also have limited 
composition resolution

• Fermi LAT has recorded the largest ever set of 
cosmic-ray protons at the 100 GeV scale, with 
excellent composition, direction, and energy 
resolution

• 179 million proton events above 78 GeV

Data                                            Reference

equatorial coordinates

(data - reference) / reference Li-Ma significance

arXiv:1903.02905

CRD4h:
Justin Vandenbroucke



Dipole anisotropy with FERMI

CRD4h:
Justin Vandenbroucke

LAT dipole results in contextDipole amplitude upper limits vs. energy

• Excess power found in dipole (p = 0.01)

For all events above 78 GeV, dipole power with modest statistical significance (p = 0.01)
• Interpreted as signal: amplitude (3.9 ± 1.5) x 10-4

• Alternatively, set amplitude upper limit (95% CL): 1.3 x 10-3

Note: Fermi LAT and AMS upper limits are cumulative

8 year angular power spectrum



Dipole anisotropy with AMS CRD4a:
Iris Gebauer



CRD4a:
Iris Gebauer



Small-scale anisotropies CRD4g:
Philipp Mertsch

Small-scale anisotropies are a result of cosmic ray streaming in a 
particular realisation of the turbulent magnetic field within a few
scattering lengths in our local Galactic neighbourhood. 

Analitical computation that through a perturbative approach
predicts the angular power spectrum.
Simple, isotropic turbulence model has remarkable agreement
with the results of numerical studies. 



Solar 
Modulation

Effects of the 
heliosphere on 

CR fluxes
Connection with «Solar&Heliospheric»



Fluxes modulation with AMS (2011-2018)

CRD8a:
Federico Donnini

CRD8c:
Cristina  Consolandi

Maximum Minimum

Long-term modulation of the 
proton flux

Long-term modulation of the 
Carbon and Oxygen flux



CRD2a:
Matteo Duranti

CRD8c:
Cristina  Consolandi

Short-term modulation of the 
proton and helium flux:
Forbush decrease (SEP event
7th March 2012)

Charge-dependent
modulation of the electron 
and positron flux

Fluxes modulation with AMS (2011-2018)



p/He ratio modulated at solar minimum
CRD8d:
Nicola Tomassetti

SH2c:
Nadir Marcellip/He AMS data p/He PAMELA data

Mass/charge dependency
of the diffusion mechanism
or different LIS spectra



Isotope modulation with PAMELA (2006-2014) SH2d:
Riccardo Munini



Theory
(very short summary ….)



Summary of presented talks
• SOURCES (PEVATRONS): Makarim Bouyahiaoui (CRD4b), Mehmet

Guenduez (CRD4f), Vikram V. Dwarkadas (CRD5c)

•MODELS OF ACCELERATION: Benjamin J. Buckman (CRD4c), Yutaka
Ohira (CRD5d), Shoma Kamijima (CRD5g), Shota Yokoyama (CRD5f)

•MODELS OF TRANSPORT AND PROPAGATION: Igor Moskalenko
(CRD2d), Alexei Ivlev (CRD4d), Loann Brahimi (CRD5a), Hongbo Hu
(CRD5b), Yoann Genolini (CDR6a), Manuela Vecchi (CRD6g)



Conclusions: set of «classical» questions
I. Which classes of sources contribute to the CR flux in different energy

ranges? 
II. Are CR nuclei and electrons accelerated by the same sources?
III. Which sources are capable of reaching the highest particle energies?
IV. Which are the relevant processes responsible for CR confinement in the 

Galaxy?
V. Where is the transition between Galactic and extra-Galactic CRs?
VI. What is the origin of the difference between the chemical composition of 

CRs and the solar one?



Conclusions: set of «classical» questions
I. Which classes of sources contribute to the CR flux in different energy

ranges? 
II. Are CR nuclei and electrons accelerated by the same sources?
III. Which sources are capable of reaching the highest particle energies?
IV. Which are the relevant processes responsible for CR confinement in the 

Galaxy?
V. Where is the transition between Galactic and extra-Galactic CRs?
VI. What is the origin of the difference between the chemical composition of 

CRs and the solar one?
In the last decades we developed an «accepted» scenario for CR origin, that we call 
«standard paradigm» .
In this framework, many of the classical questions have been (plausibly) answered. 



I. What is the origin of the hardening observed in the spectra of CR nuclei 
at a rigidity of 300 GV?

II. Why is the slope of the spectrum of CR proton and helium different? 
III. What is the origin of the prominent break observed at a particle energy

of 1 TeV in the electron spectrum? 
IV. Why do the proton, positron, and antiproton spectra have roughly the 

same slope at particle energies larger than 10 GeV? 
V. What is the origin of the rise in the positron fraction at particle energies

above 10 GeV?
VI. What is the origin of small scale anisotropies? 
VII. ……….

Conclusions: set of «new» questions !
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Conclusions: set of «new» questions !

A «new paradigm» is needed? The following years will tell us much!
Stay tuned for 2021 ICRC Berlin


