::'2'-
W,
- ) (I 25 | ™, N\ -':.".
| < | | |
— Ve =i = W=

IS G (| S [ APA S (W8,
J L i “\ / i
ol )]

7

Recent cosmic-ray anomalies
and their interpretations

Antje Putze
LAPTh/LAPP

Disclaimer:
- Non-exhaustive list of models (and references)
- Recent examples given
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Outline

/o'nom(a)li/-
something that deviates from what is standard, normal, or

What do we expect?
What deviates from our expectations?

What can cause these deviations?
— Propagation, acceleration, sources

How can we test these hypotheses?
— Multi-messenger approach
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eE ¢ V(BN E VNS B B LN

N S P

Vo
sources spatial diffusion & convection

momentum diffusion

_ 0 9N _ P (VY Stk G 1
2 |eN-2(VV.)N|- LN Ly
energy losses spallation  radioactive decay

Cosmic-ray transport equation
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Parameters and observables

The most important parameters are linked to

Primary CR

e the mechanisms
injection spectrum: Q(R) < qR™

e the mechanisms

. Primary CR Secondary CRs
dlfoSIOI‘T. () 0 , _rar - 7
convection: Ve ‘ \_‘
re-acceleration: Va ' S
ISM atom ‘

Ipsc.in2p3.fricosmic-rays-db



http://lpsc.in2p3.fr/cosmic-rays-db

What do we expect?
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What do we see?
Hints of a broken power law
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What do we see?
Hardening confirmed
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[Aguilar et al., PRL (2015)]
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What do we see?
Non-universality: Ay ~ 0.1

[Yoon et al., ApJ (2011)] &

p/He Ratio

10°  10° 10
GeV nucleon

PAMELA
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[Haino et al., AMS Days (2015)]

10°
Rigidity [GV] Abe et al., arxiv:1506.01267

10 1w 10’

Rigidity (GV)




What do we see?
Universality for Z > 1?

9
4]
o
x
>
T
)
<
)

Spectral index
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What do we see?
Rise In the positron fraction

@ HEAT
B AMS-02
+ PAMELA
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What do we see?
Anomaly in antiprotons?

Theoretical prediction based on
pre-AMS knowledge

Updated secondary production
and its uncertainties not in Seeenaany produetion
tension with antiproton-to-

[Kounine et al., AMS Days (2015)]
proton ratio '

400 500
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¢ PAMELA 2012
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AMS-02 pip data
B/C best fit in sample

— Fiducial - = = D/p best fit in sample

© propagation uncertainties
nuclear uncertainties

Uncertainty from: B Cross-sections
Propagation
I Primary slopes
Solar modulation

5 10 50 100
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T [GeV/n]



What can cause these
anomalies?
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Propagation
Two halo model

Proton Flux

Assuming two halos (z s 500 pc)
with different diffusion properties

® AMS-02

A PAMELA
ATIC-2 = Two-Halo Model

®m CREAM Standard Model
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¥ explains hardening of nuclei and electron fluxes

= fails to explain the positron flux/positron ratio
= no parameters predicted a priori
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Propagation
Non-linear coupling

Cosmic rays diffuse on

e self-generated waves at low
energies
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» external turbulences (e.g.,
SNRs) at high energies

¥ explains hardening of nuclei fluxes
¥ transition arises naturally at ~ 300 GV

= fails to explain the preliminary AMS-02 B/C ratio
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Acceleration
Evolution of the Mach number

old

SOUTCES

Flux 7

(M>1):
* Injection index ~ 2
e mostly helium accelerated

(M=1):
® [njection index > 2

e mostly protons accelerated
Emergj

¥ explains non-universality and change of slopes of energy spectra

= no clear break but smooth change of spectral slopes
= no evident reason for early (late) helium (proton) acceleration
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Sources
Dark matter

- astrophysical background (MED) }  AMS-02 data, published errors
- exotic contribution | AMS-02 data, corrected errors
total

-2 ‘ _
(00U hest = 1-10 Hem? . g7t
7n‘(best = 27TeV

¥ explains lepton fluxes and positron fraction

= needs large boost factors
= in tension with other observables (antiprotons, gamma rays, CMB)
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Sources
Nearby and young sources

p flux
llllllll

- L

cecssssssssscscce — =\ Ve

¥ explains hardening in nuclei fluxes
¥ explains lepton fluxes and positron fraction

= needs small diffusion halos
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Testing the different

hypotheses

more pronounced break In
secondaries — hardening in B/C

same hardening in primaries &
secondaries — no feature in B/C

“bumpy” spectra

spectral indices of nuclel

19

— Fit to data
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Exposure time of 40 months

7M Carbons, 2M Borons

PAMELA (2014)

[Oliva et al., AMS Days (2015)]




Conclusion

Discrimination between model
classes needs O(10%) precision at
1 TeV/nuc for firm conclusion!

necessary for individual model

discrimination
gamma ray flux, anisotropy

Are you hunting for dark matter?

e Your dark matter candidate
should reproduce all the
available data

Current propagation models

What you get out depends on what
you put in...
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