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ÁMotivations

Á PAMELA-CREAM Anomaly
Á Understanding of power-law behavior
Á Green Function Method
Á Resolve the CREAM-PAMELA Anomaly :

A&A  555 A48 (2013), PRAMANA  86 (2016)
Review paper(2018)

Á Results  and Discussions



Why GeV-TeV scale Cosmic Ray Physics are so 
interesting and important ?

-- Recently many observation data came out:
#2%!-ȟ 0!-%,!ȟ &%2-)ȟ (%33ȟ !-3ΦΨȟ ȣȢȢ

-- Hopes to understand the property of Dark-
Matter, Anti-Matter, Diffusion and Transport 
Mechanism of  CR. 









Á Precise measurements of nuclei fluxes are needed to understand the 
acceleration and subsequent propagation of cosmic rays in the Galaxy.

Á Discrepant hardenings in the TeVscale cosmic ray proton-Helium nuclei 
spectra was appeared in 2011.

Á CREAM-PAMELA experiments found that the spectral shapes of proton 
and helium above 250 GeV/nucleon are different and can not be well 
described by a single power law:  Cosmic flux ~ E^{-2.75}

Á Single power law model is rejected at 95% C.L. and rejected at 99.7% C.L. 
ÂÙ ÔÈÅ &ÉÓÈÅÒȭÓ ÁÎÄ 3ÔÕÄÅÎÔȭÓ Ô-tests.  

Á For Proton: hardening occuresat 232^{+35}_{-30} GeV/nucleon

Á For Helium at 243^{+27}_{-31} GeV/nucleon 
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Á Most studies of GeV Galatic Cosmic Rays (GCR) nuclei assume a steady 
state/continous distribution for the sources of cosmic rays, but this 
distributions is actually discrete in time and in space.

Á A stady-state model describes well many nuclei data (Ex: GALPROF).
Á The Current progress in our understanding of CR physics (Acceleration, 

Propagation), the required consistency in explaining  several GCRs 
ÍÁÎÉÆÅÓÔÁÔÉÏÎ ɉÎÕÃÌÅÉȟ ÇÁÍÍÁȟȣɊ ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ ÐÒÅÃÉÓÉÏÎ ÏÆ ÐÒÅÓÅÎÔ ÁÎÄ 
future space mission (e.g.. INTEGRAL, AMS, AGILE, GLAST)  point 
towards the necessity to go beyond this approximation (steady-state model)





E^{-2.75}

E^{-3.1}



Á The energy spectrum of primary cosmic ray approximately behaves as 
E^{-2.75}, in the 10 GeVto 100 TeVrange.

Á This is rather well understood if one assumes that these cosmic rays are 
accelerated by energetic events such as supernova explosion shocks, 
distributed evenly in the disk of our Galaxy. 

Á Once injected inside the Galaticmagnetic halo with a rate

Á Particles  are subsequently scattered by the turbulent irregularities of the 
Galaticmagnetic field.

Á Their transport is described by space diffusion with a coefficient

Á At high energy, the  flux of a given primary CR species at the Earth:
Á
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