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Outline:   
 

üIntro: search for Galactic Pevatrons: theory  and 

experiment  

ü Compact star clusters and CSF systems  

ü The model of CR acceleration  

ü CSF systems as sources of VHE CRs, gamma - rays  

and neutrinos  

ü Summary  
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CR spectrum  

Galactic accelerators:  
 

 
ÁSNRs ï up to ~10 15 eV 
(special types IIn and IIb ï 
up to ~2*10 18  eV  
(Ptuskin&Zirakashvili, 2010)  
 
ÁPulsars  
ÁStellar winds  
ÁMicroquasars  
ÁGalactic center  
ÁGalactic GRBsé 

galactic ex-galactic 
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Hints of PeVatrons  (1)  
o  In  2013  IceCube has detected  first  
VHE  neutrinos  with  E>1  PeV ï the  
very  first  detection  of  cosmic  
neutrinos  with  such energies . 
o  Now >50 eventsé 
o  The origin is still unclearé  
 
ñno individual steady- state or 
transient source of very high energy 
neutrinos has been identified so farò 
(IceCube Collaboration et al. (2017))  

Aartsen+,2015, Bykov+,2017 

o CR energy spectrum has no simple 
power - law  energy dependence. There 
exists some dips and humps.  
 
o LOFAR (radio observations) ï new 
data on light CR composition at the 
second ñkneeò 
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ñLOFAR measurements  of  light  CRs 
component  the  total  fraction  of  
light  elements  (p  and  He) in  
LOFAR  measurements  lies between  
0 .38  and  0 .98  for  a significance  
level  p~ 0 .01 . The light  component  
mix  likely  to  have both  protons  
and  He with  an  excess of  He 
nuclei .ò 

Hints of PeVatrons  (2 ) 

H.E.S.S. has detected  
VHE  emission  from  
compact  clusters  
Westerlund  1  and  
Cl* 1806 - 20 .  

P 

He 
Buitink +, 2016 

Abdalla+, 2016 Abramowski+, 2011 
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Zwart, 2014 

Young massive and compact 
star clusters  

~13 compact clusters in the Milky Way  
- a lot of young OB  stars, WR stars, high turbulence  
-  size ~10 pc  



Supernova remnant inside the young 
compact star cluster  

SNR shock collides with the shocks from 

the winds of the stars and cluster wind. 

Colliding shock flows system is formed! 

                  

           CSF system: 
1. Increasing efficiency of Fermi I 

particle acceleration; 

 

2.    Piecewise spectrum with ɔ å 2  

below 1 TeV and ɔ å 1 above 1 TeV 

with exponential cut-off; 

 

3. Increasing maximal energy of the 

accelerated particles up to  1016-1017 eV. 

Credit: NASA/CXC/UCLA/M.Muno et al. 

Bykov + (2013,2015) 
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Colliding Shock Flows System:  
SNR + nearby Stellar Wind  

Bykov + (2013,2015), Gladilin + (2014) 
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Colliding Shock Flows System:  
SNR + nearby Stellar Wind  

Bykov + (2013,2015), Gladilin + (2014) 
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Efficient acceleration! 
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The model  CRs are  accelerated  in  CSF system  inside  
compact  star  cluster . CRs produce  ĺ0 , ĺ+ 
and  ĺ-  mesons via  hadronic  interactions  
with  the  dense surrounding  clouds,  which  
in  turn   produce  gamma - rays  and  
neutrinos . 

IceCube 

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



 

VHE neutrino and gamma - emission 
from long - distant clusters  

Bykov + (2015), Gladilin + (2016) 
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VHE CRs from compact galactic clusters  

The model  CR spectra  for  a mixture  of  50 % p and  
50 % He,  for  different  values of  Emax  (from  20  to  
60  PeV),  are  shown  as gray  and  red  lines . The 
model  normalization  is obtained  by  assuming  that  
10 % of all  galactic  SNRs are  in  CSF systems  and  
that  30 % of the  shock kinetic  energy  is converted  
into  CRs. 

All - particle  energy  spectrum : data  points  from  
Tunka - 25 , KASCADE - Grande,  Tibet - III,  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  year  old  CSF source  
(black  lines)  and  from  a 10 ^4  year  old  CSF source  

Bykov+, 2017 


