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Motivations:

Why GeVTeV scale Cosmic Ray Physics are so
Interesting and important ?

-- Recently many observation data came out:
#2 %! -h 0! -%,!"h &%2-)

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



A) Anomaly in P, He CR-spectra:

CREAM Data 2010-11: APJ 728,122 (2011)
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Figure 3. Measured energy spectra of cosmic-ray protons and beliem nmoclei. Tha
CREAM-I spectra are companed with szlected previons measurements (Alcaraz
et al. 204, Haime et al. 2004; Boezio et al. 2003) using open symbols for
protens and filled symbols for helivm: CREAM (circles), AMS (stars), BESS
(squares). CAPRICE (inverted trinngles). The error bars represent one standard
deviation, which is not wisible when smaller than the symbol size. The lines
represant power-law fits to the CREAM data.
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Figure 3. CREAM proton and helium differential Flax-E*™ inGe'V nucleon
at the top of the atmosphere. The CREAM proton and heliom spectra (flled
circles) are shown together with previoos measurements: BESS (squares),
CAPRICEQE (downward triangles), AMS (open circles), ATIC-2 (dinmonds),
JACEE istars), and RUNIOH (crosses). The lines represent power-law fits with
speciral indices of —2.66 £+ 002 for prodons and —2.58 £ (002 for helivm
nucled, respectively



Anomaly in P, He CR-spectra:

PAMELA 2011: Science 332,69 (2011)

DI“J

| T T | T T
I!
1 b
® ®
| | a'”‘_"“i,.ﬂdf}
I
II III tl- II I ]
# i .f:I.u.- " w 1'::'“_

Figure 4: Proton (left panel) and helium (right panel) spectra In the range 10 GV - 1.2 TV,
The grey shaded area represents the estimated systematlc uncertainty, the pink shaded area
represents the contribution due to tracker allgnment. The stralght (green) lines represent fits
with a single power law In the rigidity range 30 GV - 240 GV. The red curves represent the fif
with a ngidity dependent power law (30-240 GV) and with a single power law above 240 GV



Anomaly in P, He CR-spectra:

Confirmed by AMSo2: PRL 114, 2015
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PAMELA-CREAM Anomaly (2010-present)

Precise measurements of nuclei fluxes are needed to understand the
acceleration and subsequent propagation of cosmic rays in the Galaxy.
Discrepant hardenings in theeVscale cosmic ray protehlelium nuclei

spectra was appeared in 2011.
CREAMPAMELA experiments found that the spectral shapes of proton
and helium above 25GeVnucleon are different and can not be well

described by a single power law: Cosmic flux ~E7%}
Single power law model is rejected at 95% C.L. and rejected at 99.7% C.
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Primary Cosmic Ray Sources:




Basic Ingredients of the CR Physics

Most studies of GeV Galatic Cosmic Rays (GCR) rasdeme a steady
state/continous distribution for the sources of cosmic rays this
distributions is actually discrete in time and in space.

A stadystate model describes well many nuclei daax( GALPRO)-

The Current progress in our understanding of CR physics (Acceleration,
Propagation), the required consistency in explaining several GCRs

| AT EEAOOAOEI T 1 6AI AER CAI T ARSQ
future space mission (e.g.. INTEGRAL, AMS, AGILE, GLAST) point
towards the necessity to go beyond this approximatieteddy-state model)




Diffusion and Transport of Cosmic Ray

diffusion
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energy loss convective wind source

Salati, Chardonnay, Barrau,
Donato, Taillet, Fornengo,
Maurin, Brun..."90s,'00s

e (b(E)f) = ‘_(‘/cf) —= Qinj > 2/1’5(3,)1—"81)3.11]0

spallations




Cosmic Ray Transport:
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Understanding of power-law behavior

The energy spectrum of primary cosmic ray approximately behaves as
E~-2.75}, in the 1GeVto 100TeVrange.

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.

Once injected inside th&alaticmagnetic halo with a rate

q” R*(R* p zeRigidity) anda [ R0

Particles are subsequently scattered by thébulent irregularitiesof the
Galaticmagnetic field.
Their transport is described by space diffusion with a coefficient

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



