¥  GOBIERNO MINISTERIO ,
DE ESPANA DE CIENCIA, INNOVACION o de Investigaciones
Y UNIVERSIDADES nergéticas, Medioambientales CIEMAT

particulas

CosMICRAYS DIRECTDETECTION

M. A. Velasco, CIEMAT, Madrid (Spain)

Red NacionalTematicade Astroparticulas(RENATA) meeting
Zaragoza, September 22, 2025



Cosmic rays

I—— C The flux of cosmic rays exhibits a wide range of
| variation in both energy and intensity
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C Sources of CRssolar, galactic and extragalactic

A lonized nuclei (~98%)
A Electrons (~2%)
A Tiny amount of antimatter (e*, )
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Cosmic rays

C The flux of cosmic rays exhibits a wide range of
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Primary cosmic rays

Primary cosmic raysare mostly produced during thelifetime of stars and
are accelerated in supernovae shocks'hey are expelled in the
Interstellar medium where they propagate diffusively through the Galaxy
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Secondary cosmic rays

Secondary cosmic rayare produced in the collisions ofprimary cosmic rays
with the interstellar medium (ISM)

Secondary cosmic ray fluxes also show a spectral hardening above ~200 GV, but its
rigidity dependence is distinctly different from that of the primary cosmic rays

Secondary cosmic rays also have two classes of rigidity dependence
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Secondaryto-primary flux ratios

The

secondaryto-primary ratio
from the lighter B/O ratio

The secondaryto-primary flux ratios measured by AMSupport apropagation

origin of the spectral hardeningof cosmic ray nuclei
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Third group of cosmic rays

Apart from primaries and secondaries athird group of cosmic rays is
observed: those that are the result of e&combination of both: N, Na, Al
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Composition of cosmic rays

Model-independent measurements of the relative abundances at the source
(before cosmic ray propagation)

Traditional primary cosmic raysC, Ne, Mg, and Sfluxes are not pure primary;,
they all have asignificant secondary component

EvenZ nuclei are dominated by primaries
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Cosmicray Isotopes

The measurement ofCR isotopegrovides crucial information for modelling CR propagationin the

Galaxy

D and 3He are produced by the collision of primary CRs with the ISM. Contrary to the flux ratio fle/p, D/p
Increases with rigidity and is constant above 13 G\D must have anadditional primary source

’Li has 3 or more possiblesourcesin the cosmos: BBN, stellar evolution and CR collisions in the ISM. Above
D7 GV, the rigidity dependence ofLi and ’Li fluxes are identical. The AMS resulexcludes the existence of a
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Extension to higher energies: DAMPE & CALET

The proton spectrummeasured byDAMPEreveals asoftening at ~14 TeV
and a hintof a new hardening above 100 TeV
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CALETproton spectrumshows aprogressive hardeningabove afew hundred GeV

consistent with AMS and a spectratoftening above~10 TeVconsistent with DAMPE
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Extension to higher energies: DAMPE & CALET

The helium spectrummeasured byDAMPEreveals ahardeningat DTeV
energies followed by a spectrakoftening at ~30 TeV
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CALEThelium spectrum shapeconfirms the presence of enardening above afew

hundred GeVand the onset of a fluxsoftening at ~30 TeV




B/O ratio

o
w
1

53
(V)

Extension to higher energies: DAMPE & CALET

DAMPE B/Cflux ratio can be well fitted by a broken powerlaw model
rather than a single powerlaw model
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CALETreports the observation of aflattening on the B/O flux ratio and supports the
result from AMS that secondary CRs exhibit a stronger hardening than primaries




Indirect searchesfor dark matter

According to traditional models, galactic cosmic rayprotons and electrons are considered -
mainly primaries while positrons and antiprotons are secondaries |

Primary production
CRs produced at sources

Secondary production
Collision of primary CRs Wlth the ISM
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Dark Matter annihilations may produce additional contributions of

antimatter particles in the CRs 15



Cosmicray positrons

The positron flux measured byAMSshows asignificant excessabove ~20 GeV
that is not consistent with only the secondary production of positrons
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Cosmicray electrons

The electron flux measured by AMS can be best described by the sumtebH power
laws (a, b) and the contribution of apositron-like source termat the highest energies
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Origin of cosmicray positrons

Possible explanationsfor the high energy D ark Mat“?r’" AT pulsars |
positron source term are traditionally h o -
grouped into two categories: _ﬁ_» \5 »
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C Astrophysical sourcegpulsars) e
CRs arriving at Earth are highly isotropic. The existence ofearby compact sources of positrons
may induce adirectionality (anisotropy) that could be detected in the high energy sample

Map of measured positrons in

galactic coordinates Isotropic map

AMS results consistent withisotropy: 18



