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Overview:

m /ntroduction: what we know about cosmic rays?
m Galactic to extra-galactic cosmic ray transition
m Cosmic ray spectrum at E< TeV

m Knee region

m Detection of sources of galactic cosmic rays

m Summary



Introduction: what we
know about cosmic
rays?



" JEEWEREZOEN
‘High-energy particles from space

Cosmic Rays (CR) are
charged high-energy
particles coming from outside
the atmosphere.

*Discovered 100 yr ago by

V.Hess in 1912, via detection
of increase of the rate of
discharge of an electrometer

with increase of the altitude.
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Supernova ? galactic iron ? Extragalactic sources
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MILKY WAY GALAXY
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» SR
Acceleration

CR confinement by B
m L ¥

escaping CR confined CR

amplified B
= ] g P
Condition for CR confinement: f Yol =5 —> f jdt =10 |—
L)
npu,
Current carries CR energy: j m L shock
£
Mean energy of escaping CR: e= 230 n:/z u72 Rpc TeV
—~ radius in parsec
in 10,000 km s
in cm3

From T.Bell, CR Workshop Paris 2012



" EEEmEmEEST
Questions for Galaction CR:

m At E< 1 TeV cosmic rays affected by Sun. Real
spectrum of cosmic rays? Total energy
accumulated in cosmic rays?

m What are the sources of Galactic cosmic rays?

m At which energy extragalactic cosmic rays
show up?

m Mass composition of cosmic rays above 100
TeV?

m Problem of acceleration above 100 TeV



Galactic magnetic field
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" EEEEREROENC
Galactic magnetic field

m B =B _disk (regular) + B_disk (turbulent) +
B halo(regular) + B _halo (turbulent)



" JEENEEEER
Rotation measure

RM ~ 0.81 /OL (:m(_lg> (B;ll—g)) (S_i)

6 = fo + RM A2



" JEENEREZOEN
Galactic magnetic field:
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Galactic magnetic field
measurement: RM

s P 3
T ‘«“‘-’:E "A‘f i)

e sea ah, 2

Pshirkov et al, arXiv:1103.0814



. Ga‘aC!m magnetic field

measurement. RM dominated by
disk

00000000000000000000



" SN
Galactic magnetic field halo
measurement: RM




" JEENEROESS
Free electrons 2001 model

0 0.5 1 1.5 2 2.5
lz| (kpc)

J.Cordes and T.Lazio, astroph/0207156



" JEENEROESS
Polarized synchrotron emission



Relativistic electrons
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From R.Jansson & G.Farrar, arXiv:1204.3662



"
Synchrotron/RM maps

From R.Jansson & G.Farrar, arXiv:1204.3662



" JEEWEEAZ
Galactic magnetic field:
disk
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R.Jansson & G.Farrar, arXiv:1204.3662
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Galactic magnetic field:
halo

J-L. Han et al, arXiv:0901.0040



" SN
Galactic magnetic field halo:

D &

R.Jansson & G.Farrar, arXiv:1204.3662



" SN
GMF parameters

Table 1
Best-fit GMF parameters with 1 — ¢ intervals.

Field

Best fit Parameters

]-:)escription

Disk

by =0.1+18uG

by = 3.0+ 0.6 uC

bs = —-09+08uCG

by = —0.8 4 0.3 uC

bs = —2.04 0.1 uC

bg = —4.2 %+ 0.5 uC

by = 0.0+ 1.8uC

bs =27+ 18uG

Raisk = 0.40 £ 0.03 kpc
wqisk = 0.27 = 0.08 kpc

field strengths at r = 5 kpe

inferred from by, ..., by
ring at 3 kpc < r < 5 kpc
disk/halo transition
transition width

Toroidal
halo

Bn=144+01uCG
Bs =-1.1+£0.1uG
rn = 9.22 £ 0.08 kpc
rs > 16.7 kpc

wp = 0.20 £ 0.12 kpc
zp = 5.3+ 1.6 kpc

northern halo

southern halo
transition radius, north
transition radius, south
transition width
vertical scale height

X halo

Bx =46 +03uG
6% =49+1°

ry =4.8+0.2 kpc
rx =2.9+0.1 kpe

field strength at origin
elev. angle at 2 = 0,r > r§
radius where Oy = 99(
exponential scale length

striation

~ =2.92+0.14

striation and /or nee rescaling

R.Jansson & G.Farrar, arXiv:1204.3662



= JEENEROTRN
UHECR propagation in Milky Way

m Deflection angle ~ 1-2 degrees at 10%%eV for protons
1Astronomy by hadronic particles?

10**18eV 10*19eV

Ylkpce]

Ylkpc]
Ykpc]




" R
Galactic magnetic field

m B =B disk (regular) + B_disk (turbulent) +
B halo(regular) + B halo (turbulent)



" EEEEERT
Galactic magnetic field:
turbulent component

| F|e|d Wlth (B(l’)) -0 <B(7‘)2> — BerS > 0.

- o) | . )2 ¢ f—a—2
m Power spectrum P(k) o< k74, | B(k)|* oc k

m With index , _ ;3 3/, for Kolmogorov/Kraichnan cases

m Correlation length
Lpax a—1 1-— (Lmin/Lmax)a
2 « 1 — (Lmin/Lmax)a_l .

Le=
m Where
= L. =1AU Lunae = 100 — 300 pe.



" EEEEER
Galactic magnetic field:
turbulent component

m Profile 1 Bens(r,2) = B(r)exp (-2

0

By exp (22) , if 7 < 3kpe (bulge)
B(r) =

By exp (_(gffl‘j)lép J ) ,1if r > 3kpe

m Profile 2

Bums(r, 2) = By , if r < 20kpc and |z| < 2
rms\T, Z) = 0 ,ifT>20kpCor |;_:|>30

G.Giacinti et al, arXiv:1112.5599



Transition from galactic
to extragalactic cosmic
rays



" EEEERCER
Dip model: Protons can fit
UHECR data

H

JIEIE>m’s sr'eV’

Fly's Eve
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V.Berezinsky , astro-ph/0509069



Mixed composition model
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Mixed Composition
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D.Allard, E.Parizot and A.Olinto, astro-ph/0512345
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Anisotropy towards Galactic
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Dependence on parameters

Dipole amplitude (percent)
Dipole amplitude (percent)

Energy (x 10'8 eV)

Turb. Magn. Field spectrum Lmax = 100-300 pc
Kolmogorov/Kraichnan

G.Giacinti et al, arXiv:1112.5599



" EEEEECERST
1 EeV protons from galactic
sources

Profile 2, 200 pc
40 Profile 1, 200 pc e 40
Profile 2, 500 pc - - -
Profile 1, 500 pc

Profile 2, 200 pc n—
Profile 1, 200 pc s -
Profile 2, 500 pc - - -
Profile 1, 500 pc
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G.Giacinti et al, arXiv:1112.5599



KASCADE-Grande protons
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Cosmic rays below TeV



Fluxes of Cosmic Rays

CR flux at the energies : .
<100 GeV is affected by = \ e s
the interplanetary

magnetic field and »
depends on the solar

[
¢
DDDD&

. . 10_1 Knee
a Ctlv It (1 particle per m*—year)
y 10" */
_1 «*’%
R, = zzl Lo ” Bipw } IV
" ZeB |10"eV][10”° G \
10

*At the lowest energies

(<10 GeV) Solar
modulation Is observed
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Cosmic Rays In the Solar system

Unshocked _ ,
«interstellar . _Helloshea h
«medium

-Heliopause

«Solar modulation ‘




" 2400000
‘Measurement of CR spectrum
unaffected by the Heliosphere




R azeczors ou=5|ae the Heliosphere

¥ .CR partic/JNE SN «CR patticle

¥ -interaction with ‘ : gy 4 . «interaction with
-matter of : .- v -matter of

-the detector ' -the detector i

o __L% -Signal transmission
(300000 Channels)

s SENE Ve T I

-Signal transmission

Counter

-Large mass concentrations in the ISM could be used as "natural" CR detectors.
Such mass concentrations are e.g. nearby Giant Molecular Clouds (GMC).



" JEEEEEROEN
CRd tectors outS|de the Heliosphere

°OI’IOn cloud Y *GMCs are objects of the mass
IR ~10° M, and size ~10 pc, i.e. of

the matter density #~103 - 104

cm3,

*CRs diffusing through the ISM

cross the GMCs on the time

scales of t~10°- 104 YT.

*During this time CRs interact
with the GMC matter with
probability p~cton~0.1.

*CR interaction in the GMCs lead
to the gamma-ray emission (from
neutral pion production and

decay).

FAaronian book
-Large mass concentrations in the ISM could be used as "natural" CR detectors.
Such mass concentrations are e.g. nearby Giant Molecular Clouds (GMC).



Milky Way In GeV gamma-rays

p Ophiuchus GMC

Cepheus

GMC -|solated

-Diffuse Galactic emissic «Galactic
.W«-—.» - il " *SQurces

-Perseus g
GMC -Extragalactic
-point source .

-Extragalactic diffus
«background

‘Nearby GMCs are rather strong gamma-ray sources, first detected by
CosB, later by EGRET and most recently by Fermi/LAT.



*Gamma-ray emission from nearby GMCs

|7
|7
10-10

Flux [erg/cm?s]

10711

E [MeV] |

*The gamma-ray spectrum of GMCs repeats the spectrum of emission from
local ISM (diffuse Galactic emission at high Galactic latitudes).



-éamma-ray emission 'rom nearby GMCs

dNcr/dE = Ny E~Fcr

E2dN, g /Ede, dNcgr doPP~Y(E', E.)
dE, " e, dE’ dE,
o [E2-Bcr ld;,,- zh* 1 doPP Y (Ey [z, TE)
B 0 o drp
= EXPer 7 (E,), (1)

g =_€7/E'

T. Kamae, N. Karlsson, T. Mizuno, T. Abe, T. Koi, As-
trophys. J. 647 (2006) 692; Erratum-ibid. 662 (2007)
779; N. Karlsson and T. Kamae, ibid. 674 (2008) 278.
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Parameters of the break in the CR spectrum
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Gamma-ray data can be fitted with 2 power-laws with break

ry o\ (Ta4Ty) /o
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" JEEEE
Galactic cosmic ray spectrum

101

1000

Flux [GeV/{(m? s sr)/n]

100

v g

*A.Neronov, D.S. andA.

100 1000

E [GeV/n]|

-Measurement of the spectrum of Galactic CRs not affected by the
Heliospheric effects could be deduced from the gamma-ray spectrum of the

clouds.
*Galactic cosmic ray spectrum has a strong break at the energy ~10 GeV.

Taylor, PRL, 108, 051105 (2012)




DIFFUSION COEFFICIENT
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From P.Blasi talk Paris workshop Dec. 2012



Summary below 1 TeV

m Two new breaks at 10 GeV and 200 GeV indicate existence
of new component in low energy Galactic CR

m Detailed comparison of global all-sky analysis of Fermi data

with new results needed to find if this component is local at
500 pc / 1000 pc?

m Cosmic ray acceleration and propagation mechanism has
to be modified



Mass composition below knee
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Knee In the cosmic ray
spectrum



. Eosmlc gay Knee

Scaled flux E>° J(E) (m2s”'sr'eV'?)

steepening Ay ~ 0.4 at few x10° eV
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. Eosmlc gay Knee

KASCADE experiment

40000 m? 10'5-10'7 eV

Measure electron and muon size at Karlsruhe, Germany
(near sea level).

Energy spectra of 5 primary mass groups

are obtained from two dimensional Ne-Np spectrum

by unfolding method (P,He,CNO,Si,Fe).

Fig. 1. Left: layout of the KASCADE air shower experiment; Right: sketch of a detector station with shiclded and unshickled
scintillation detectors



osmic Ray Knee

Tibet ASgamma experiment
(50 TeV - 1017 eV)

AS array at high altitude (4300m a.s.l.)
®Tibet-III array:50000m? with 789 scint.
OYAC array: 500m? with 124 scint.

®MD array: 5000m? with 5 pools of water
Cherenkov muon D.s .

Measure:energy spectrum around the knee
and chemical composition using sensitivity
of air showers to the primary nuclei through
detection of high energy AS core.

Merit of high altitude
I F; - Eg [eV])
T
X fa® .16"6;
¥ o .t
. - 1015 -
oM *
Tibet

0 200 400 600 800 1000
Atmospheric Depth g/cm**2




N
E gosmlc QHV Rnee

extension of propagation model till 101° eV:

trajectory calculations

Syrovatsky 1971, Berezinsky et al. 1991, Gorchakov et al 1991, VP et al 1993, Lampard et al 1997,

Zirakashvili et al 1998, Horandel et al. 2005
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Only turbulent diffusion

1e+34

New code with nested grids

Casse etal. 2002 < ‘
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1e+32 | %

1e+31 |

D (cm2/s)

1e+30 |

1e+29 } <
o

1e+28 : L L .
1e+14 1e+15 1e+16 1e+17 1e+18

Energy (eV)

G.Giacinti et al, arXiv:1112.5599



. Eosmlc gay Knee

@ change of interactions at multi-TeV energies: excluded by LHC

Equivalent c.m. energy Vs, (GeV)
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: Cosmic gay Knee

Tibet:

E25dJ/dE m'sec'sr 'GeV'®

Nearby source?
Need extra component
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3.25

osmic Ray Knee

Hillas model
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. Eosmlc gay Knee

@ change of interactions at multi-TeV energies: excluded by LHC

@ maximal energy of dominant CR sources — Hillas model

@ knee at Ry (E/Z) =~ l.on:
= change in diffusion from D(E) ~ E/3 to
» Hall diffusion D(E) ~ E
» small-angle scattering D(F) ~ E?

» something intermediate?



. Eosmlc gay Knee

@ change of interactions at multi-TeV energies: excluded by LHC

@ maximal energy of dominant CR sources — Hillas model

@ knee at Ry (E/Z) =~ lcon:
= change in diffusion from D(E) ~ E'/3 to
» Hall diffusion D(E) ~ E
» small-angle scattering D(E) ~ E?
» something intermediate?
our approach:

» use model for Galactic magnetic field

» calculate trajectories x(t) via F'f, = qu X B.



" BT
LOFAR measurement of
maximum scale of turbulent GMF

+ + LOFAR
07 f - - it
L, (GMRT) L . (LOFARWSRT) f v I i
A / / ol } \‘f}‘ “
JftEy
H ) }\lh TIT;I!; 8
e (&) i 1 }m
14° . {EI ”I!’ﬂ"’
y +7° _ i

10° 10°

____________________________ Fig. 9. Power spectra of total intensity from the LOFAR (dots)
and WSRT (crosses) observations. The error bars indicate sta-
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spectral index @ = —1.84 £ 0.19 for £ € [100, 1300] is also
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Lmax ~ 20 pc +-6 pc in disk



: Cosmic gay Knee

@ l..n and regular field B(x) fixed from observations

@ determine magnitude of random B ,s(x) from grammage X (F)



B to C ratio

B/C ratio in three models of cosmic ray propagation

plain diffusion, “unphysical” break diffusion (Kolmogorov) + reacceleration
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Cosmic gay Knee

@ [..;, and regular field B(x) fixed from observations

@ determine magnitude of random B ,s(x) from grammage X (F)

T
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P delta=1/3 -
B/C +-rrters
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Cosmic gay Knee

B=0.1 m
10 ?""-‘f-f, B=1 u p
T delta=1/3 -~ 1
B/C +-res
.
o 1 N
=
L2
(@)}
L= [
m 0.1
3
0.01 ¢

10 10" 10" 10" 10" 10"™ 10" 107
E/ZeV

prefers weak random fields
fluxes I 4(FE') of all isotopes fixed by low-energy data
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Cosmic Ray Knee: protons
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Cosmic Ray Knee: He
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" NSRS
Cosmic Ray Knee: CNO
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Cosmic Ray Knee: Si
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Cosmic Ray Knee: Fe
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Anisotropy in arrival
directions
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Dipole anisotropy due to nearby sources

LARGE SCALE CR ANISOTROPY

ANISOTROPY DOMINATED BY NEARBY AND MOST RECENT SOURCES.
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'—
Large-Scale Anisotropy

* |C22, 4x10° events, median energy 20 TeV
« Sufficient statistics to observe 103 anisotropy
* Anisotropy matched in northern hemisphere

Tibet-II S

lceCube-22

12/12/12 Origins of Galactic Cosmic Rays 8
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Cosmic Ray Knee: anisotropy

Y IceCube
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Cosmic Ray Knee: anisotropy
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Cosmic ray propagation
from single cosmic ray
source



”
P LAT Observations of MC-SNRs
P e

Fermi-LAT Collaboration (Uchiyama+) 2011

Intense, extended GeV emission
(a) W51C (b) W44 has been discovered from several
: SNRs that

interact with molecular cloud (MC).

Spectral break in the GeV band
=» GeV-bright objects
(GeV > TeV in energy flux)

o SNR W44
10-0p / > 10%
X" c«x;ay/ \
': £~ bre x. »
'-'g 10-" | 5% T ' 10% I
/ AN )
g e
— | v w
lé-) 10-12 I’ brems from secondaries \\. {100 —=
> | . ‘\\
. ,’ nverse Complon ' .\\
1013 - =
0 108 1010 102 104
Energy [eV]

2.5 yr count maps (>2 GeV, front:converted)

The GeV emission has been interpreted as being t’-decay y-rays.
10




L
/ Fermi LAT Spectra of SNRs W44 & 1C443:
< m" [' .
/‘ ?T Slgnature of J'I?O-decay Y-rays
S.\). ¢ T(- e ope
Fermi-LAT Collaboration 2012 (Funk, Tanaka, Uchiyama) Science in press
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[ Our previous papers reported spectra only >200 MeV.

M Here we report spectra down to 60 MeV thanks to:
3k Recent update (“Pass-7") of event reconstruction, which largely

improved effective area at low energies.
3k Increased exposure time: 1yr =» 4 yr
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" SRR
CR interactions in Galaxy

m Cosmic rays interact in galaxy at the rate

nism ] -

—1 4
toy = (coOppmrsn :3)(10‘[
pp ( pp ISM) 1 =3

m where cros-section iIs

- —26 2
Opp = 4 x 10 cm



 EEENEEEOENT
CR from one source

m Local measurements of primary and
secondary nuclei give diffusion coeficient:

D = Dog x 10%® Ecr/4 GeV]_(S cmg/s,
with 5 =04+0.1
Diffusion region has bound exp(-r*2/r_s”2)
Radius of region around source is

19| Ts V21 Ecr 1%
re o~ 24/DT, ~ 80 DY [10 fm] [1 TeV] pe.



Diffusion of protons from single

sSource

900 yr 2 kyr { kyr



" SRR
Time needed to come In 3-d
diffusion regime

t. ~10*yr (lmax /150 pc)” (B/PeV) ™" (Brms/4 uG)"

B ~ 2 and v = 0.25-0.5 for Kolmogorov turbulence

G.Giacinti, M.Kachelriess and D.S., arXiv:1204.1271
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Examples of observed HESS
sources

HESS J1834-087

HESS J1804-216

HESS J1713-381

G348.7+0.3

PSR J1833-0827 i
v
623.3.0.3




" JEEWET0T
40 PeV protons from single source:
10 kyr (770/0)

10.5
10
9.5

8.5

Y (kpc)

7.5

6.5




" JEEWEREE
40 PeV protons from single source:
100 kyr (33%)

-10 -5 0 5 10
X‘kﬁc%
) . |

0.001 0.01 0.1



" JEEWET0T
40 PeV protons from single source:
1 I\/Iyr (120/0)

-10 -5 0 5 10
X ‘kﬁc%
: ) R |

0.001 0.01



" SR
40 PeV protons from single source:
all times (up to several Myr)

20 g =

0.0001 0.001 0.01 0.1 1

G.Giacinti et al, arXiv:1112.5599



" JEEENERZOEN
Secondary gamma-rays from CR

m [o explain observed CR flux each source
release
E;~ 3 x 1059 [Rs_.\;/lo_z yr]
In form of cosmic rays
Then luminosity in gamma-rays is

kEg 1 [ K E, nISM
L, ~ s 9y 10% [—] [ : ] rg/s.
! tpp % 0.2] [10%% erg| [1 cm—3 erg/s,




" JEEEREOERN
Secondary gamma-rays from one
source

m Then flux of gamma-rays from one source is

F., = Ly ~ 1011 R - [ nNisSM ] [ K ] erg
© 4nRE T 5 kpe lem=3110.2) em?s

and angular size of source is

o Ts _ogopll? R. 17'[ T. 1/2 Ecp 0.2
* R, T2 |5kpc 10 kyr 1 TeV




" JEEEWEREZOW
Expected number of sources

m Expected number of sources in the nearby
inner part of Galaxy: N_tot* Slocal/Stotal

m N_tot = R SN *3*10"4 yr = 300

m \We should see about 10-20 sources within
5 kpc towards inner galaxy



Fermi LAT observation
of Galaxy at E>100 GeV



Fermi LAT Galactic plane at E>100
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A .Neronov and D.S., arXiv:1201.1660



" SEEEERER
Fermi LAT point sources in Galactic
plane at E>100 GeV

2FGL l b [Npn| P type Name
1| 1837.3-0700c | 25.09 |-0.08| 4 |l.e-4 HESS J1837-069
21 J2001.14+4352 | 79.06 |-7.12 2 |[l.e-3 BLZ MAGIC J2001+435
3 J2323.4+5849 (111.74(-2.11| 2 |l.e-3 SNR Cas A
4 (J2347.04+5142 (112.88(-9.90| 4 |6.e-8 BLZ 1ES 2344+514
5 | JOO35.845951 |120.97(-2.96| 5 [4.e-8 BLZ 1ES 00334595
6 | JO110.3+6805 [124.70 5.29 | 2 |6.e-4 VCS J0110+4+6805
71J0240.54+6113 |135.67| 1.08 | 4 |2.e-6| GRLB LS 1+61 303
8 [ JO521.74+2113 | 183.6 |-8.70| 4 |2.e-5| AGU VCS J0521+2112
9 | JO534.5+2201 |184.55(-5.78| 28 | 0 PWN Crab
10(J0617.242234¢(189.05{ 3.03 | 4 |7.e-5|SNR+CCO 1C443
11| J0648.9+1516 [198.99(6.35| 4 |4.e-T| AGU VER J0648+152
12| J1030.4-6015 |286.28(-2.03| 2 |l.e-3
13| J1124.6-5913 | 292.2 (-2.03| 2 |l.e-3| PWN PSR J1124-5916
14| J1603.8-4904 |332.15(2.56 | 5 |5.e-7 AT20G J160350-49

A.Neronov and D.S., arXiv:1201.1660
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Fermi LAT point PSF and extended
sources at E>100 GeV
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Fermi LAT diffuse sources in
Galactic plane at E>100 GeV

l b Os0 (60 | Poo Nph F Comments SNR |PSR R |Ts
1 (8.15 |-0.14]0.47(0.65|1.e-5|12 (4.6 = 1.3|HESS 1804-216 |W30 |B1800-21 3.9 |1.6
2 |16.74 [-1.79(0.46|0.83|1.e-6 |12 LS 5039
3 (17.58 |-0.14|0.6 |1. O0|1l.e-3(13 (5.2 1.4|HESS J1825-137 B1823-13 4.1 2.1
4 123.32 |-0.16]0.5 (0.6 [2.e-2|8 3.4+ 1.2|HESS J1834-087 (W41 [CXOU J183434.9-084443|4 |~ 10

B1830-08? 3.5

5 125.21 [-0.16(0.43]|0.58|1.e-5(15 |6.4 £ 1.5|HESS J1837-069 J1838-0655 2.3
6 |26.87 |-0.12]0.39(0.54|2.e-4|11 (4.6 = 1.4|HESS J1841-055 J1841-0524 4.9 (3.0
7 136.20 [0.02 [0.23|0.37|1.e-6{11 |4.6 = 1.4|HESS J1857+026 J1856+0245 10.3(2.0
8 |78.09 |2.54 [0.33|0.38|1.e-5|7 |[2.3x0.9|VER J20194407 |yCyg|J2021+4026 7.7
9 (284.32]-0.57|0.32|10.42|7.e-3{4 |[1.3£0.7|Westerlund 2 J1023-5746 0.5
10{287.12|-0.80|0.46|0.74|2.e-4{9  [2.9 £ 1.0|near Eta Car
11(313.56|0.11 |0.2 [0.32]8.e-6|8 (2.6 = 1.0|Kookaburra J1420-6048 7.7 |11.3
12(331.66|-0.580.27(0.64|7.e-4|11 (3.7 1.1/ HESS 1614-518 J1614-5144
13(332.57|-0.18]0.34|0.63|1.e-3{10 [3.3 £ 1.0O|HESS J1616-508 J1617-5055 6.5 0.8
14(336.25|0.04 |0.37|0.59|1.e-6({16 [5.4 £ 1.3|HESS J1632-478 J1632-4757 7.0 (24
15(339.56|-0.79]0.37|0.72|3.e-3{10 [3.4 £ 1.0|Westerlund 1 J1648-4611 5.7 (11
16(344.90|0.23 |0.72(1.05|3.e-2|8 (2.8 = 1.1 HESS J1702-420 J1702-41287 5.2 |5.5
17(346.20|-0.31]0.37(0.57|1.e-2|7 [2.7 = 1.0|HESS 1708-410 J1706-40097 3.8 10.9
18(358.06|-0.54|0.57|0.63|1.e-4[{10 [3.7x 1.2|HESS J1745-303




" JEEWEEZOE
Fermi LAT extended sources at
E>100 GeV




Pulsars with T<30 kyr
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A.Neronov and D.S., arXiv:1201.1660
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Nature of the extended sources
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Spectra of all the extended sources are powerlaws in the energy range 1-30 TeV with the slopes
dN)/dE~E'2-l --24 consistent with the possibility of gamma-rays from CR interactions in the ISM.
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Pulsars
Eng = In; 3 x 10°° P |7
NS =Ty T Oms| °

A.Neronov and D.S., arXiv:1201.1660



Extended sources: electron of CR proton/nuclei powered?

HESS J1825-137, Fermi E>100 GeV

1 UM N

z
=
;;

B ERUIRVIXE
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HESS J1825-137, Suzaku ™ ‘
L1/ 1 v 4:1 28:00.0

26:00.0 18:24:00.0 22:00.0
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At least a part of the flux of extended 100 pc-scale sources could come from inverse Compton
scattering by electrons, rather than from CR proton/nuclei interactions.
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Summary galactic sources

below TeV

m We expect to see 10" of 100 pc CR sources with 100
GeV gamma-rays if SN are responsible for them

m With Fermi LAT we found 18 sources with 90% radius

0.3-1 degree, which give real size about 100 pc. Most of
sources associated with pulsars with age T<30 kyr

m None of sources associated with SN shell without pulsar.
m [hose sources can be sources of electrons

m If not pulsars are needed for CR acceleration? Energy
requirement is OK.



Conclusions

m Two new breaks at 10 GeV and 200 GeV indicate existence
of new component in Galactic CR

m \We expect to see 10t of 100 pc CR sources with 100 GeV
gamma-rays if SN are responsible for them. With Fermi LAT
we found 18 sources with 90% radius 0.3-1 degree, which
give real size about 100 pc. Most of sources associated
with pulsars with age T<30 kyr

m Auger limits on the anisotropy of UHECR does not restrict
existence of galactic iron component up to ankle or even up

to 1079 eV, depending on parameters of galactic magnetic
fields.



Conclusions

m Existing limits on anisotropy forbid large (conservatively
10% or more) fraction of Galactic protons at 1 EeV. This
mean that quickly rising proton fraction below 1 EeV in
KASCADE-Grande has extragalactic origin

m Present GMF models for turbulent field are in contradiction
with B/C measurements.

m Knee can be explained by escape of cosmic rays from
sources, if average turbulent GMF is 5-10 times smaller then
in models. Can be sign of anisotropic turbulence.



