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CRspectrum

M. Nagano and A. A. Watson: Ultrahigh-energy cosmic rays
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0 In 2013 IceCube has detected first
B Conv. atmospheric v, + 7, (best-fit) VHE neutrlnos Wlth E>1 PeV | the

B Prompt atmospheric vy, + 7, (fux limit)

Astrophysical v, + 7, (best-fit) very  first detection of  cosmic
+++ HESE unfolding: PoS(ICRC2015)1081 neutrinos with such energies_
o Now >50 eventseée
o The origin is stildl

-1

—_
<
|

—_

<
|

co

E?. ®,/CeV lem 25 tar!

E,/GeV

A Kascade Grande QGSJET
® GAMMA 12
B Tunka 25+133

o CR energy spectrum has no simple™ " o LeeTop 7
; 4 4 A Tibet
power - law energy dependence. Fhere

= i

0 LOFAR (radio observations) i ‘ne
data on light CR composition at the
second Nnkneeo

1- ES, [m'2 s sr! eVz]

Aartsen+,2015, Bykov+,2017



Galactic Latitude (deg)

|
S
N

4

HESS J1808-204

G340.4+00.4

o
n

® G340.6+003

12:00

‘ : H.E.S.S. has detected
s oMy |E \ial= emission from

»
SGR1806-20
X
OFGL J1648.1-4606
R 116484611

(=]

C1 1806-20 1 Compact Clusters
Westerlund 1 and
Cl*1806 - 20 .

|
-20:24:00

T
36:00

340 3395 339 3385
Galactic Longitude (deg)

Abramowski+, 2011

18:08:00 07:

N L OF Aneasurements of
component the total
light elements (p |
LOFAR measurement

o

Prooton fraction

mix likely to have both

and He with an excess .|
1A . ;eium acin'jn . He
nuclei .0 e
Buitink +, 2016



Young massive and compact

Milky Way
- a lot of young OB S, WR stars, high turbulence
- size ~10 pc

Table 2 Properties of young massive clusters (fop) and associations (botforn) in the Milky Way, with the distinctio

on age/ty,

Age re Faff TFiD Fuir L
Name Ref | [Myr] | log Mppoe | log My | [pc] | [pel ¥ [km s='] | [pc] | [Myr] 10
Arches 1 2.00 4.30 - 0.20 .40 - - (sl 006
DSB2003 2 350 380 - - 1.20 - - 204 055
NGC 3603 3 2.00 4.10 - 0.15 0.70 2.00 - 119 017
Chuintuplet 4 4.00 4.00 - 100 2.0 - - 140 0.93
RSGCO1 4 1200 4.50 4.70 - 1.50 - 370 2155 0.34
RSGCO2 b 17.00 4.60 4B - 2.70 340 4.58 0.73
RSGC03 6 185.00 4.50 - - 5. - - 349 07
Trumpler 14 7 2.00 4.00 - 0.14 0.50 2.00 - (k5] 0.12
Wd 1 8 150 4.50 450 (.40 1.0 4.00 5.80 1.74 019
Wd 2 2 2.00 4.00 - - (.80 - - 1.36 024 -
hPer 2 12.80 4.20 - - 110 - - 357 .80 5-
¥ Per 2 1280 4.10 - - 250 - - 4.24 1.16 : Arches
CYgOB 2 250 4.40 - - 5.0 - - 383 247 =
IC 1805 2 2.00 4.20 - - 12.50 - - 2122 11.58 Quintuplet ]
ILac1 2 1406 3.40 - - 20,70 - - 3514 | 6197
Lower Cen-Crux 2 11.50 330 - - 15.00 - - 2546 42.89 ]
NGC 2244 2 2.00 390 - - 5.60 - - %5l 4.90
NGC 6611 2 300 440 - - i - - 1002 298
NCGC 7380 2 2.00 380 - - 6.50 - - 11.03 | 688
OMNC b 1.00 365 - 0.20 200 200 - 140 1.40 9
Ori Ta 2 11.40 370 - - 166 - - 2818 31.500
Ori I 2 1.70 3.60 - - 6.30 - - 10.70| 8.26 |
Ori Ie 2 460 380 - - 12.50 - - 21.22| 18335 !
Upper Cen-Crux 2 14.50 360 - - 22.10 - - 3752 5430 4 = : l'
U Seo 2 5.50 3.50 - - 14.20 - - 2401 31.38
-10 -5 0 5 10
1, Figer, McLean & Maorris (1999); 2, Pfalener (2009); 3, Harayama, Eisenhaner & Martins (2008); 4, Figer et al. {2006); 5, Davees ez al. (2007 X (kp()

et al. (2009); T, Ascenso et al. (2007); 8, Mengel & Tacconi-Garman (2007); 9, Hillenbrand & Hartmann (1998).

Zwart, 2014
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Bykov + (2013,2015)



Colliding Shock Flows System:
arby Stellar Wind
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Colliding Shock Flows System:
nearby Stellar Wind
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CRs are accelerated in CSF system inside
compact star cluster . CRs produce | 4, |,

‘ o stellar and | . mesons via hadronic interactions
particle : : ,
acce!emt:’o;« wmd with the dense surrounding clouds, which

O N turn produce gamma -rays and
neutrinos .
Ve, Y

dense ISM

Gamma - rays propagate through the
ISM and interact with CMB and EBL,
producing e* - pairs causing
electromagnetic cascades.

IceCube



VHE neutrinofe
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—— E, =40 PeV
20 PeV<E,, <40 PeV
—— 40 PeV<E,,, <60 PeV

m— 20 PeV<E,, <60 PeV

®m LORA (Proton) p+He

The model CR spectra for a mixture of 50 % p
50 % He, for different values of £, (from 2(
60 PeV), are shown as gray and red
model normalization is obtained by assuming
10 % of all galactic SNRs are in CSF systems and
that 30 % of the shock kinetic energy is converted
into CRs.

Bykov+, 2017

VHE CRs from g@mpact galactic clusters

All - particle  energy spectrum : data points from
Tunka - 25, KASCADE - Grande, Tibet-I1ll, GAMMA,
Tunka - 133 and IceTop- 73 Aartsen et al. (2013 );
Amenomori et al. (2008 ); Apel et al. (2009 );
Berezhnev et al. (2012 b); Budnev et al. (2013 ),
Garyaka et al. (2013 ) along with the calculated all-
particle CR flux from a 3000 vyear old CSF source
(black lines) and from a 10 "4 year old CSF source




