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Galactic cosmic ray sources: Julia Tjus,

a multimessenger view RAPP Center,
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Astropartlcle physics in the 1990s
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Astroparticle physics today i
keeps us all busy!
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Galactic origin of cosmic rays? T basic arguments
from the 1990s

Alntensity

- 11 Ul n Esn o
LCR ~ 2-10 erg/S . (m) . (W) . (]_DTEI‘g) (e.g. Drury (2014); Gaisser (1991))

ACentral candidates SNRs (following Baade & Zwicky 1934)
AExtragalactic sources can only reproduce part above ankle
AC Part below knee must be of Galactic origin, best candidate: SNRs

Alsotrop
casuom QO p gor(——) #—) —) " #(—)

AC 1020 eV particles would lead to a highly anisotropic signature if they
originate in the Milky Way: part above ankle should be extragalactic
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Information available today to investigate origin

Direct: cosmic rays

AHadrons: Spectral
behavior (all-particle
and chemical
composition)

MeV i ZeV

AElectrons: primary

spectrum (local)
MeV i 20 TeV

AAnisotropy level
TeVi 10 PeV, EeV

p Indirect. e,n, g,

- oeen APOsitronspectrum/
.= muon -fraction MeV - TeV

T = pion

v=neurine  AGammas: Sources,
et=electon  Hiffuse emission

e~ = positron

v= photon MeV 1 10(0) TeV

ANeutrinos: first

detection
W Vi TeVi PeV

Julia Tjus (RAPP Center) @ TeVPA 2017 . % RAPP
‘ Center



Talk today: Galactic multimessenger approaches
from MeV to EeV
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Voyager-I: direct view, uninfluenced MeV spectrum

ATransition ionization/pion
dominated at ~ 100 MeV

ATotal momentum loss:

px ngas[blzzp_z +b. (1 +a)p]

/ PN

lonization  p production 2diabatic

Normalized intensity spectrum

cooling (wind) o1

+ T 1
T
spallation I
(A>1)
PN D N T
R - = — Z —_l_
D(p) 52 T an [PN] T Q(z, p)
Diffusion  €nergy source {
(scala) loss '-
10 Energy (MeV) 100

SchlickeiserWebber, Kempf (2014)
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lonization by cosmic rays: influence on the ISM

Vib/Rot modes H,O*

IE' OAD O&&O G%O AMolecules in

HEH+ symmetric stretch asymmetric streteh bend I’Ota’[lonally/
He lH? x , . vibrationally
CR oretions excited states

H, =™ H>* —> H;"——> OH* —> H,0O+* —— H;0O*

H le' l le' le' A//le' ACosmic ray

2H O OH H.O tracers?
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Molecule spectra at SNR: H," and H,;*

AFirst prediction of an I —— B
observable H,* spectrum ot e i
AH,* simplest tracer of |
lonization rate (Herschel etc, =l |
see papers by Indriolo et al) z |

AH.,* would be best tracer, but
with half-life of ~6 months
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APrediction for possible
detection in extreme ionization oongn ] ocingn
environments (Crab?; SN Rs?) Becker, BlackSafarzadel& SchuppanApJL(2011)
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Fermi detection of pion bump (W44, IC44 & W51C)
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Fermi detection of pion bump (W44, IC44 & W51C)
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Enhanced ionization rates @ TeV sources
Vaupréet al, A&A (2014)
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Enhanced ionization rates @ TeV sources
Vaupréet al, A&A (2014)
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Talk today: Galactic multimessenger approaches
from MeV to EeV
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Voyager & AMS: p/He explanation?

| I

ARigidity-dependent ratio

APossible explanation:

Alower-mass SNRs with high
H/He ratio (red-dotted)

AWind-SNRs (lower p/He ratio,
harder spectrum)
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Chemical Composition (AMS,
CREAM, PAMELA)

ABreak at same rigidity ~ 300 GV
Adiffusion-related (but why at 100 i
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A NLDSA-curvature (e.g. Ptuskin et al &

2013) o

A 2-component spectrum (Wind-SNRs, ;-
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2010) X

ABJ/C could help to distinguish 3
transport (-> break in B/C: transport; 0

no break source-scenario)
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Cosmic ray dipole anisotropy

ADipole vector:

F=aliG iR 0 If -y |m
AC Options below flip:
ALocal source anistropy (e.g. Erlykin &
Wolfendale 2006, Pohl & Eichler 2013),

projected onto local B-field (anlers
2017)

AISM velocity (Biermann, JBT et al 2013)
AC Above flip:

Achange in B-field OR velocity field?

AGalactic Center?
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High-energy neutrinos from the Cosmos

ANo significant
clustering along the
Galactic Plane

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

o N* Throughgoing Tracks

% N New Starting Tracks @ /U Earlier Starting Tracks e T LCEET LI MRS, a-edY: .
@ N New Starting Cascades @ /U Earlier Starting Cascades Copperfor |C€CUbE(|CRC 2017)

1 2 3
See also talkby FrancisHalzen 10 ‘ 10 10
and Marek Kowalski lpoth Tuesday Deposited Energy or Muon Energy Proxy [TeV]




Galactic neutrinos T diffuse intensity?

Agray emission too low to
produce the full signal (e.qg.
Mandelartz & JBT, Winter et
al, Neronov et al, Ahlers et
al)

Aall models << 10%

AMaximum energy should be
lower than the observed few
PeV:

AE Emaxcr/20 ~ 100 TeV

maxn

Mandelartz& BeckerTjus Astrop. Phys. (2015)
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