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Outline |
¢, Cosmic rays: messengers from the Cosmos
_ Direct measurements:
Space g\l\JSJ CALET, DAMPE;, J?-‘&GRE/—\J;/J)
Balloons (CREAM, HELI>
- Link to higher energies, multimessengers
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Secondary nuclei track propagation effects:
B/C ratio,
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Cosmic Ray sources Nuclear collision in ISM

,‘WI o SNR Pulsar/PWN

.

| ?‘

A
£




S

t

R
CRA

espectium

@‘_1 orders of magnitude in energy;
3 , Fmagnitude in intensity...
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The knee:
Limit to supernova acceleration in the Milky Way?

The ankle:
Transition to extragalactic sources?
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Yakutsk

Hawverah Park
®  Fly's Eye

Direct measurements
possible with balloons and
satellites

Atomic nuclei (H-Fe)
103/ Dut also electrons,

antimatter, isotapes,

ultra-heavy nuclei

techniques || § |
(ground arrays)
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DIFECt measurements: balloons
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ISSCREAM 201
0.24 mA4Sr

DAMPE 2015
0.3 m2sr

185 cm ™

The plastic scintillator
detector

The silicon tracker

The BGO calorimeter
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The neutron detector

CALET 2015
0.12 m2sr

AMS 2011
0.82 ma3sr
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(primoraial)

Stable nuclel produced in stellar nucleosynthesis

Ahn H.S. et al., ApJ 714, L89 (2010

20 25 30
Particle Charge
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C comes fraim the prmel:
acceleration'sites, but Bi
RGeS A= 0 o) t-32Ictic

B/C (31 30%) tracks the
history ofiGalactic
propagation (over ~15° Myrs)

Number of E
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Ahn H.S. et al., ApJ 714, L89 (2010
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Be isotopes also
have a story to tell
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20 25 30
Particle Charge
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B/C énergy ndelke Eassen!'!” ',ntv[y to) Galactie diffusion parameter u;

also explaiiSiSiapaofitiieiobseived cosmie ray-spectrum at sourcevs Earth.

Boron-to-Carbon Ratio

3 o$ .;.F.+

PAMELA (2014)
TRACER (2006)
CREAM-1 (2004)
ATIC-02 (2003)

AMS-01 (1998)

Buckley et al. (1991)
CRN-Spacelab2 (1985)
Webber et al. (1981)
HEAO3-C2 (1980)
Simon et al. (1974-1976)
Dwyer & Meyer (1973-1975)
Orth et al. (1972)

comparison with measurements
from 0.5 GeV/n to 3 TeV/n

'h

10°
Kinetic Energ

Ahn H.S. et al., Astropart. Phys. 30, 133 (2008)
A. Olivaet al., 34" ICRC (2015)

E265 observed at Earth might have been E? at the

source, with steepening by EU due to diffusion.
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High precision achieved in the measurements now;

H millon nuclel awaiting results from CALET, DAMPE, ISSCREAM,

NUCLEON;
A could push to higher energies;
A but shape well constrained by AMS.

10
Momentum/Charge [GV]

. Aguilar et al., Phys. Rev. Lett. 117, 231101 13
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ElefientalSpectier

Measureme‘f& Wose to the'knee;

Very highrstatistics at low energiesifaundreds of
Ge\) ffom magnet Spectrometers: Bgss, PAMELA,
AMS (CALEN, DAMPRE) ISEREAM coming);

Balloon experiments agree athunareds of GeVio
~100 TeV (ATIC, TRACER, CREAM);

Hard to see the detalls...

Warning! Plot vs E, E/n, R, with or
without rescaling by E3, R?75, (E/n) %9,
with or without rescaling by 10 -8 or
something...

Flux (m2 s sr GeV)'1
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_’ | Ahn et al., ApJ 707, 593 (2009),
- Ahn et al., ApJ 715, 1400 (2010),
SlCMEntel speeieaa

Yoon et al., ApJ 728, 122 (2011)
102

Edeil conpolienteanesiiied foka He x<10' 2132'_\“*-..__;

single powerawNE@REAM:only to 1;\

aveld different'sysiematics); Cx 107 o l=w \
- O % 1076 100 | ,*'° -

AH: dN/dE+ET 220020 o] .

AHe: dN/dE ~ EF-2: £:002 Ne  10-8 " -

A CT dN/UERIEREE ot
AO: dN/dJE ~ EF 24007
A Ne: dN/dE ~ E' 2 - #0210 o ATIC Mg

+ TRACER Mg

A Mg: dN/dE ~ ET 2. £008 Fex 10727 e CREAM S
N T 16 0708 2T * . ¢;fCSEIR Si
A Si;: dN/dE~E' 2 ' 1019 CREAM Fe
A Fe: dN/dE~ ET 2 $0311 | TRACER Fa
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LEAP
Proton

Akeno lo
ATIC

BESS Polar Il p
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CREAM p
PAMELA p
ATIC p
BESS Polar Il He
AMS-02 He
CREAM He
PAMELA He
ATIC He
CREAM C
PAMELA C
ATIC C
TRACER C
CREAM O
ATIC O
TRACER O
CREAM Ne
ATIC Ne
TRACER Ne
CREAM Mg

to0rxemOOEOPAOEOPACREDPE

Si %< 107 L207

1018} -

L I N

Probably from the same source and 1022] 1

acceleration mechanism 10241 ]
1025 1 L L

The components do add up to the all- 1011 102 107 107 ot

particle spectrum! Energy (eV)
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tas astatisticallys difierent-energy-spectral
iIndexiorthe iMe-beyondsa few,  TeV/nucleus:
AH:  dN/JE ~

AHe: dN/AE ~ EF 20502

Origin could be non-linear DSA effects inithe sources:
AH: reverse shocks in Type I'SNRS;
AHe: reverse shocks in Type | SNRS:

Aboth: forward shocks in all SNRs.
(Ptuskin et al.;, ApJ 763, 47 (2013))

Could be due to non-linear effects in CR transport through

the Galaxy,
(Aloisio et al., arXiv:1507.00594)

Could be due to young nearby sources;
(Thoudam & Horandel, MNRAS 435, 2532 (2013))

Yoon et al., ApJ 728, 122 (2011)
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Spectral hardening at 10017 200 GeVn
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MBLAGFAMS Updates

its do see [Tand He hardenings; but shape still to be understood

Kounine et al. 2017: 35 ICRC, Busan South Korea

M PAMELA
=

Rigidity [GV]

102 2x10? 10° 2x10°
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o | o ’ Ahn et al., ApJ 714, L89 (2010)
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Hareenlepspectie

CREAM C-Fe
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CREAN hea'-.'y celement-spectrai2010): |
AHe to Eti all SCEIN t&, EFJ'?W\/“'G Similar c.- C,M

acceleration

10 102 10°
Energy (GeV/nucleon)

"better fit with a broken
power law (indeX change at
2.77+ 0.03 C 2.56+ 0.04);

RS



