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COSMIC rays
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cosmic ray acceleration in supernova remnants

e cnergy density of cosmic rays below the
knee consistent with 10% of energy emitted
by SNR every 30 years in the Galaxy

e composition of low energy cosmic rays
consistent with OB Associations

¢ diffusive shock acceleration and E2

® some particles interacts and some escape
and propagate across the interstellar
medium
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cosmic ray propagation in interstellar medium
qualitative discussion
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cosmic ray propagation in interstellar medium

qualitative discussion

Guiding
charged plasma Magnetic charged plasma
particle field line particle
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cosmic ray propagation in interstellar medium

qualitative discussion
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cosmic ray propagation in interstellar medium
qualitative discussion

diffusion coefficient ~ D(E) ~ Dy - E°

(B)mag




cosmic ray propagation in interstellar medium
qualitative discussion

diffusion coefficient ~ D(E) ~ Dy - E°

(B)mag

E2®

at the source

EY (v=2)




cosmic ray propagation in interstellar medium
qualitative discussion

diffusion coefficient ~ D(FE) ~ Dy, - E°
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cosmic ray propagation in interstellar medium
qualitative discussion

after many
diffusion coefficient D (E) ~ D - E° diffusion lengths
- E-v-0

(B)mag
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slower diffusion
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cosmic ray propagation in interstellar medium
qualitative discussion
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cosmic ray propagation in interstellar medium

qualitative discussion
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» anomaly cosmic ray spectra

COSMIC rays spectrum
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cosmic ray propagation in interstellar medium
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 the knee of cosmic rays and
spectral features from escape from
the Galaxy
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cosmic ray propagation in interstellar medium
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Gaisser, Stanev, Tilav, 2013
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cosmic ray propagation in interstellar medium

Gaisser, Stanev, Tilav, 2013
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cosmic ray propagation in interstellar medium

* cosmic ray spectrum shaped by a
single source producing the knee

SINGLE SNR MODEL OF THE PRIMARY COSMIC RAY ENERGY SPECTRUM WITH He IN THE KNEE
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E?25¢, GeV!5/(m? s sr)

astrophysical neutrinos

2 millon years old nearby supermova

KachelriesB3 et al., 2015
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Iog(I*Eos), em™2s 'sr1GeV?

cosmic ray propagation in interstellar medium

Erlykin, Wolfendale, 2006

SINGLE SNR MODEL OF THE PRIMARY COSMIC RAY ENERGY SPECTRUM WITH He IN THE KNEE
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cosmic ray spectrum shaped by a
single source producing the knee

anisotropy from the contributing
source

evolution of anisotropy with energy
from changing relative contribution
from different sources...

...or from Bism at different distances ?

energy dependence in disagreement
with simple diffusion scenario



Iog(I*EO3), em™2s 'sr1GeV?

cosmic ray propagation in interstellar medium

Erlykin, Wolfendale, 2006

SINGLE SNR MODEL OF THE PRIMARY COSMIC RAY ENERGY SPECTRUM WITH He IN THE KNEE
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eV sidereal anisotropy

Tibet-lll 5 TeV %

equatorial coordinates

Amenomori et al., ICRC 2011

lceCube-59

Abbasi et al., ApJ, 746, 33, 2012

4
)

1.000

0.999
0.998

N s 1,002
\ \ \ ﬂ 1.001

Milagro

Abdo et al., PRL, 101, 221101, 2008
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Abbasi et al., ApJ, 740, 16, 2011
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astrophysics of cosmic ray anisotropy
OrobiNg sources & propagation of cosmic rays ¢

» stochastic effect of nearby & recent sources & temporal correlations  Erdykin & Woltendale, Astropart. 2006
Blasi & Amato, 2011

dipole amplitude Blasi & Amato, 2011 Ptuskin+, 2012
A — —————————r—— Pohl & Eichler, 2012
1_O|UC|OE 5 :’/31 T T T 3 .
y+6 =2.67 H=2 k%c Sveshnikova+, 2013
I SN Rate: 1/100 yr ] Kumar & Eichler, 2014
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local ISMF shaped by LOOP | expansion

cOSMIC ray anisotropy e S oS sty
ocal Interstelar medium

local cloudlets fragments of the
shell moving at similar velocities

500 pc - (Priscilla Frisch)

14 pc - Frisch+, 2011, 14
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» interstellar magnetic field affected by inhomogeneities
Redfield & Linsky, 2008

Frisch+, 2011

» local ISMF relatively uniform over spacial scales of order 60-100 pc (inter-arm) e

» magnetic turbulence affects propagation and diffusion properties o o0 04 08

22
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200 E(TeV)

: : rr & AU
COSMIC ray anisotropy L™ 7 BG)
nellosphere
Pogorelov+ 2011
R -
ptot: 2.0E-02 22E-01 4.2E-01 62E-01 8.2E-01 1.0E+00 1.2E+00 1.4E+00 1.6E+00
1000 ;
heliotail
-500 //
41000 9,/ wI 1 4
local ISMF el
THE HEUOSPHERE .
draplng around b -1506‘ -1000 1 -500 . ‘0 - 10'0030 :)1000 -1(;0&500
heliosphere
» heliosphere as O(100-1000) AU magnetic perturbation of local ISMF PD & Lazarian, 2013

» influence on = 10 TeV protons (RL s 600 AU)

» cosmic rays >100’s TeV influenced by interstellar magnetic field (change of anisotropy)
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anisotropy and local galactic environment
ow 1o high energy connection

» IBEX observations of keV Energetic Neutral Atoms
» determination of interstellar flow direction

» determination of interstellar magnetic field direction

» large scale heliosphere to induce perturbations in
arrival direction of TeV cosmic rays

Schwadron, Adams, Christian, PD, Frisch, Funsten,
Jokipii, McComas, Mdbius, Zank, Science, 1245026 (2014)

S
y . Ve e

[ P/l [ LT Y
A - { d Zhang, Zuo & Pogorelov ApJ 790, 5 (2014)
Q AX N Y o A
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Y-Axis (x10"3)

cOosMmIC ray anisotropy
orobing heliospnerc magnetic structure
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Borovikov, Heerikhuisen, Pogorelov

strong scattering
effect from
downstream
iInstabilities on the
flanks of heliotall

PD & Lazarian 2013

Lbpez-Barquero, Farber, Xu, PD,
Lazarian, Pogorelov (in preparation)

amplitude[%]

"""""""""""""""" IceCube 59 Abbasi et al., Apd, 746, 33, 2012

IceCube 22 AbbaSI et aI ApJ 718 L194 2010

- dipole
- component * . EAS-TOP Adlietta et al.. AoJ. 692 L130. 2009

b v enid Lol TN | Co o
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small angular features from particle gradient distributions
correlated with large scale heliospheric geometry

25

Paolo Desiati



cOosMmIC ray anisotropy
small scale anisotropy

[ - .

@  effects of magnetic spectral features in some

polarity reversals localized excess regions
from solar cycles

500

z, AU

magnetic reconnection anisotropy features from

Lazarian & PD 2010 dark matter clumpsS-arding, 2013

PD & Lazarian 2012

-500

— '-500| | 0 | 1500I — 1000l
Pogorelov et al., 2009

Giacinti & Sigl, 2012
Biermann+, 2012

10 PeV 50 PeV :
effects of magnetic turbulence on

small angular scale distribution of

+360 0 cosmic ray arrival directions

e ——————— S ——— T r
094096098 1 1.021.041.061.08 0.8 0.9 1 1.1 1.2
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LOopez-Barquero, Farber, Xu, PD,

CcCOSMm | C ray an | Sot ro py Lazarian (arXiv:1509.00892)

Ahlers, 2014

small scale anisotropy

60 —45-30-15 0 15 30 45 60 _ 24 -18-12 -6 0 6 12 18 24 MHD CompreSSIble
o turbulence snapshot

750 TeV 30 PeV with dB/B ~ 0.7

Ang lar Power Spectr um at Earth Ang lar Power Spectr um at Earth

— Aviers 2014 : : : — Anlers 2012

: : : — 5 ¢ (E=750TeV) : : : — so (E 30PeV)
I { e®¢ IceCube 2013 (median energy 20TeV) I { e®¢ IceCube 2013 (median energy 20TeV)

10 BRSO S Lo S [ A U AN e Teerenes x i i -

effects of magnetic
L turbulence on

small angular scale
distribution of cosmic
ray arrival directions

1 1 I I 10} 1 1 1
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HE starting neutrino events
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E%*J [GeVem 25 !sr!]

astrophysical neutrinos

extra-galactic ongin
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Murase et al., 2014

pp scenario

SFR evolution

4 HESE (3yr)
M4 arXiv:1410.1749
HH  Fermi IGRB (2014)

1073 1072

PRSI aes | i P aasl i
0.1

y-rays & v’s from pp interactions

extra-galactic emission
(cascaded in EBL): E21 - E22

these cosmic ray sources
contribute to 30%-40% of diffuse
y-ray background @100 GeV

low energy tail of GeV-TeV
neutrino/y-ray spectra

sources can be opaque in y-ray

v to probe dense environments



astrophysical neutrinos
starburst galaxies

Messier 82 NGC 253

—0.5 —0.14
2) -~ —13 E 0 TeV 2) -~ —13 E TeV
E‘¢p,(E) ~ 33 x 10 (TeV p—r E‘¢p,(E) ~9.6 x 10 TV p—
TeV no neutrino limit

E°¢,(E) <3x 107"

[lceCube 4yr]

. : 1
expected from pp interactions: E ¢, (E,) =~ EE?Yqb7 (E-)
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astrophysical neutrinos
other sources 7 NOT GRB and blazars

M. Ahlers
GRB Stacking Blazar Stacking
. — Diffuse Flux — Limit
IceCube Preliminary : : 10~
10-9 3 ; ; | - A SR AN SR S
N - - - equal weighting

T k2 |
= |
- =
w0 HO
o |

~10 2
g 10 >o
3 S,

A . . Si
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[M.Richman ICRC’13; arXiv:1412.6510] [Th.Gluesenkamp RICAP’14; arXiv:1502.03104]

e v, emission following the GRB “fireball” e Fermi blazar stacking

model e plot shows limit on 310 FSRQ

* 492 GRBs (2008-2012) in IceCube’s o all 2LAC blazar limits of similar strength
FoV reported with GCN and Fermi
GBM
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astrop
correlations with UH

32

Relative excess of pairs

nysical neutrinos
—OR from Auger 7/

Galactic Coordinates
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“life at the South Pole”
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traveling to the South Pole

in Christchurch
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traveling to the South Pole

(el (aleNelil ... and relaxing
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traveling to the South Pole

arriving in McMurdo ...
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traveling to the South Pole

Data LDEO-Columbia, NSF, NOAA
Image U.S. Geological Survey
Image © 2013 DigitalGlobe
Data SI0, NOAA, U.S. Navy, NGA, GEBCO
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traveling to the South Pole
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arriving to the South Pole

... commuting to work ...
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arriving to the South Pole

the old station
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arriving to the South Pole




living
at the South Pole
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how do we investigate the origin
of cosmic rays ?

NSF'M. MNchMahon
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lceCube collecting events

Paolo Desiati




drilling holes at the South Pole

Paolo Desiati
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drilling holes at the South Pole

Paolo Desiati
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2011

lceCube

drill camp

AMANDA - 1996

Paolo Desiati



deployment lceCube - 2011
AMANDA - 1996

Paolo Desiati



MUCHAS GRACIAS
A TODOS USTEDES
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MUCHAS GRACIAS
A TODOS USTEDES
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astrophysical neutrinos
galactic orgin
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other sciences with IceCube
particle physics (atmosphernc v & )

collider measurements
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other sciences with IceCube Y N
antarctic glaciology W%)
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other sciences with IceCube Y N
antarctic glaciology W%)
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In(ratio simulation/data)
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other sciences with lceCube  ** o
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other sciences with lceCube
—artn sclences

» Inner structure of Earth studies with
seismic wave analysis

» dependence on geophysical models:
density, chemical composition

» neutrino radiography - absorption at high
energy depends on atomic density

» neutrino tomography - oscillations at low
energy depends on chemical composition
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other sciences with IlceCube
atmospheric sciences (stratospneric temperature)
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e [ong (year) & short term (days) variations of stratospheric temperature

e temperature resolution ~1 K (statistics ~0.2 K)
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other sciences with IlceCube
atmospheric sciences (stratospneric temperature)
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MPE Rate [HZ]

IceTop Rate [%]

other sciences with IlceCube
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other sciences with IlceCube
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