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TeVCat, year<2000

Astroparticle physics in the 1990s

ÁCRs: All-particle
spectrum and B/C @ 
GeV

ÁNeutrinos: limits @ TeV
energies (~few times
1e-5 GeV/(s sr cm2)

ÁGammas: 8 TeV
sources confirmed in the
sky

Gaisser (1991)



Astroparticle physics todayï
keeps us all busy!

Gaisser, Stanev, Tilav (2013)

Fréjus-Limit
ÁCRs: + 

composition + 
anisotropy + 
spectral breaks
+++

ÁNeutrinos:
detection~    
1e-8 GeV/(s sr
cm2)

ÁGammas:
>150 TeV
sources



Julia Tjus (RAPP Center) @ TeVPA 2017

Galactic origin of cosmic rays? ïbasic arguments
from the 1990s

ÁIntensity

ÁCentral candidates SNRs (following Baade & Zwicky 1934)

ÁExtragalactic sources can only reproduce part above ankle

ÁČ Part below knee must be of Galactic origin, best candidate: SNRs

ÁIsotropy

ÁČ 1020 eV particles would lead to a highly anisotropic signature if they
originate in the Milky Way: part above ankle should be extragalactic

(e.g. Drury (2014); Gaisser (1991))
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Information available today to investigate origin

Direct: cosmic rays

ÁHadrons: Spectral
behavior (all-particle
and chemical
composition) 
MeVïZeV

ÁElectrons: primary
spectrum (local)   
MeVï20 TeV

ÁAnisotropy level
TeVï10 PeV, EeV

Indirect: e, n, g, ...

ÁPositronspectrum/  
-fraction MeV - TeV

ÁGammas: Sources, 
diffuse emission
MeVï10(0) TeV

ÁNeutrinos: first
detection
TeVïPeV

Julia Tjus (RAPP Center) @ TeVPA 2017



1) MeVïGeV: Voyager, 
Ionization and Gamma-
rays

2) GeVïPeV: Composition, 
Anisotropy, Gamma-rays
and Neutrinos

3) PeVïEeV: Composition

Talk today: Galactic multimessenger approaches
from MeV to EeV

Julia Tjus(RAPP Center) @ TeVPA2017
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Voyager-I: direct view, uninfluenced MeV spectrum

ÁTransition ionization/pion
dominated at ~ 100 MeV

ÁTotal momentum loss:

Julia Tjus (RAPP Center) @ TeVPA 2017

Schlickeiser, Webber, Kempf (2014)

Ionization pproduction adiabatic
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Diffusion
(scalar)
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Ionization by cosmic rays: influence on the ISM

ÁMolecules in 
rotationally/ 
vibrationally
excited states

ÁCosmic ray
tracers?

Julia Tjus (RAPP Center) @ TeVPA 2017Fig: John Black

Vib/Rot modes: H2O
+



Molecule spectra at SNR: H2
+ and H3

+

ÁFirst prediction of an 
observable H2

+ spectrum

ÁH3
+ simplest tracer of 

ionization rate (Herschel etc, 
see papers by Indriolo et al)

ÁH2
+ would be best tracer, but 

with half-life of ~6 months

ÁPrediction for possible 
detection in extreme ionization 
environments (Crab?; SNRs?)

Julia Tjus (RAPP Center) @ TeVPA 2017

Becker, Black, Safarzadeh& Schuppan, ApJL(2011)



Fermi detection of pion bump (W44, IC44 & W51C)

Ackermann et al , Science (2013)

Julia Tjus(RAPP Center) @ TeVPA2017



Fermi detection of pion bump (W44, IC44 & W51C)

Ackermann et al , Science (2013)

Schuppan, Röken, Becker Tjus, A&A (2014)

n = 100/cm3

Galacticav. level

Julia Tjus(RAPP Center) @ TeVPA2017

Ionization: spatialprofile (W44)



Enhanced ionization rates @ TeV sources

Julia Tjus (RAPP Center) @ TeVPA 2017

(Careful Ą Derived from CO/HCO+/DCO+: more parameter dependent than H3
+ )

Vaupréet al, A&A (2014)



Enhanced ionization rates @ TeV sources

Julia Tjus (RAPP Center) @ TeVPA 2017

(Careful Ą Derived from CO/HCO+/DCO+: more parameter dependent than H3
+ )

Vaupréet al, A&A (2014)



Talk today: Galactic multimessenger approaches
from MeV to EeV

1) MeVïGeV: Voyager, 
Ionization and Gamma-
rays

2) GeVïPeV: Composition, 
Anisotropy, Gamma-rays
and Neutrinos

3) PeVïEeV: Composition

Julia Tjus(RAPP Center) @ TeVPA2017



Voyager & AMS: p/He explanation?

ÁRigidity-dependent ratio

ÁPossible explanation:
Álower-mass SNRs with high 

H/He ratio (red-dotted)

ÁWind-SNRs (lower p/He ratio, 
harder spectrum)

ÁBut: fine-tuning of break 
position

ÁČ heavier nulei?

Julia Tjus (RAPP Center) @ TeVPA 2017

Tomassetti(2015)



Chemical Composition (AMS, 
CREAM, PAMELA)

ÁBreak at same rigidity ~ 300 GV
Ádiffusion-related (but why at 100 ï

1000 GV?)

Ásource-related
ÁNLDSA-curvature (e.g. Ptuskin et al 

2013)

Á2-component spectrum (Wind-SNRs, 
polar cap, e.g. Biermann, JBT et al 
2010)

ÁB/C could help to distinguish
transport (-> break in B/C: transport; 
no break source-scenario)

Julia Tjus (RAPP Center) @ TeVPA 2017

AMS, ICRC 2017

seealso talks by Daniele Gaggero(Wednesday), 
Veronica Bind (Thursday) andStephan Zimmer (Friday)
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Cosmic ray dipole anisotropy
ÁDipole vector:

ÁČOptions below flip:

ÁLocal source anistropy (e.g. Erlykin & 

Wolfendale 2006, Pohl & Eichler 2013), 
projected onto local B-field (Ahlers 
2017)

ÁISM velocity (Biermann, JBT et al 2013)

ÁČAbove flip:

Áchange in B-field OR velocity field?

ÁGalactic Center?

Julia Tjus (RAPP Center) @ TeVPA 2017
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High-energy neutrinos from the Cosmos

ÁNo significant
clustering along the
Galactic Plane

Only fraction of detected
neutrinos of Galactic
origin (or halo-scenario)

Copperfor IceCube(ICRC 2017)

See also talks by Francis Halzen
and Marek Kowalski (both Tuesday)



Galactic neutrinosïdiffuse intensity?

Ág-ray emission too low to
produce the full signal (e.g. 
Mandelartz & JBT, Winter et 
al, Neronov et al, Ahlers et 
al)

Áall models << 10%

ÁMaximum energy should be
lower than the observed few
PeV: 

ÁEmaxn~ Emax,CR/20 ~ 100 TeV

Julia Tjus(RAPP Center) @ TeVPA2017

Mandelartz& Becker Tjus, Astrop. Phys. (2015)


