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We don’t measure directly the sources !
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The model has to take into account :

• Sources spectra :
→ Q (Ek) ∝ R−α, with R(Ek) = p/(Ze) and
α ∈ [2.0, 2.5]

• Transport (In the case of a weak electromagnetic
turbulence) :
→ Diffusion in phase space (x, p) Dx = D0.β.R

δ

→ Convective wind Vc.

• Interaction with the ISM :
→Energy losses
→Spallation (σα, σα→β)
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Propagation equation for a nucleus a
simplified version at high energy :

Ek>10GeV/nuc

∂fa
∂t

+ σavanISMfa +

fa
τa
− ∇x.(Dx∇xfa) =

qa +
∑Zmax

Zb>Za
σb→avbnISMfb + fb

τb
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Galaxy model :

Surface density of the disc µ = 2.4 mg.cm−2.
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Analytical resolution of the propagation equation :

For a stable nucleus :

Ja(Ek) =

Qa +

Zmax∑
Zb > Za

σb→a Jb

 /
{
σdiff + σa

}
(1)

Primary and secondary source terms.

Where : σdiff =
2DmISM

µvH
∝ Rδ and

Qa = Na

(
R

1 GV

)α
∝ Rα .
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Where : σdiff =
2DmISM

µvH
∝ Rδ and

Qa = Na

(
R

1 GV

)α
∝ Rα .

Primary species : ⇒ JC ∝ R−(α+δ)

Secondary species : ⇒ JB ∝ R−(α+2δ)
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Measurements are in agrement with this model !
At zero order we find a featureless and universal power-law
spectrum.
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Some measurements which challenge this model :
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How do we constrain the propagation ?

We need to determine these parameters :

Vc, Dx = D0.Rδ, Dp =
VA

2

9Dx

p2, H
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Measuring the propagation parameters :

Li, B, Be are said secondary.
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Secondary/primary ratio :

JB(Ek) =

QB +

Zmax∑
Zb > ZB

σb→B Jb

 /
{
σdiff + σB

}
(2)

Hypothesis :
• QB = 0

• Double nuclei system (B,C)
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Secondary/primary ratio :

JB(Ek)

JC(Ek)
= σC→B/

{
σdiff + σB

}
.

When : σB << σdiff ⇒ JB
JC
∝ R−δ
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Experimental data :
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Experimental data :

New data with AMS02 !..and soon CALET !
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Application to antiprotons !
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Revaluation of the astrophysical background :
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Revaluation of the astrophysical background.

Equation in steady state :

∂z(VCψ)−Dx∆ψ + ∂E{bloss(E)ψ −DEE(E)∂Eψ} = Q

With : Q(ψp, ψHe, σpH→p̄(E), ..)

• Propagation → [Maurin 2001]

• Primary fluxes → [AMS02 2015]

• Production cross-section → [di Mauro 2014]

21/35



Yoann Génolini

Modeling the high energy CRs fluxes Propagation paradigm Theoretical uncertainties on propagation Conclusion

Revaluation of the astrophysical background :

→ Published in [Giesen 2015]
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Revaluation of the astrophysical background :

No real tension!

→ Published in [Giesen 2015]
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Giesen 2015 → arxiv[1504.0427]
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Outline

1 Modeling the high energy CRs fluxes
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Benchmark model :

The goal is to minimize :

χ2
B/C =

∑
i

{
F exp
i −F th

i (Parameters..)

σi

}2

Reference parameter values
D0 [kpc2/Myr] (5.8± 0.7) · 10−2

δ 0.44± 0.03
χ2

B/C/dof 5.4/8 ≈ 0.68

γ = α− δ (fixed) −2.78
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Any assumptions ? :

F th =
JB(Ek)

JC(Ek)
=

QB

σdiff + σB
/JC +

Zmax∑
Zb>ZC

σb→B

σdiff + σB

Jb
JC

• Primary boron contribution
• Production cross-section uncertainties
• Destruction cross-section uncertainties
• Geometry framework
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=

QB=0?︷︸︸︷
QB

σdiff + σB
/JC +

Zmax∑
Zb>ZC

σb→B

σdiff + σB

Jb
JC︸ ︷︷ ︸

1D/2Dgeometry?

• Primary boron contribution
• Production cross-section uncertainties
• Destruction cross-section uncertainties
• Geometry framework
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Primary boron ?

[Blasi 2009], [Blasi Serpico 2009], [Mertsch Sarkar 2009-14]
→ Secondary species may be formed at sources !

• Confinement inside a SNR at TeV/nuc :

XSNR ≈ 0.17 g cm−2 nISM
cm−3

TSNR
2.104 yr

• Galactic diffusion at TeV/nuc :

XDiff ≈ 1.2 g cm−2

⇒ Order of 10% !
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Primary boron ?

At high energy...

JB(Ek)

JC(Ek)
=

QB

JC
+ σC→B +

Zmax∑
Zb>ZC

σb→B
Jb
JC

 /
{
σdiff + σB

}
∝
HE

NB

NC

...it leads to a plateau.
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Primary boron ?

Constraining NB

NC
:
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Primary boron ?

Scan on NB

NC
:

→ Huge impact on the determination of delta !
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Summary of the main systematics :

Wind 1D/2D geometry Cross-sections Primary boron
∆D0/D0 −40% −2 to −13% ±60% 0 to −90%

∆δ/δ +15% 0 to +1% ±20% 0 to +100%

Prospects, what we need at zero order :

1 Find a way to quantify primary boron contribution.
2 New precise measurements of nuclear cross-sections.
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Génolini 2015 → arxiv[1504.03134]

32/35



Yoann Génolini

Modeling the high energy CRs fluxes Propagation paradigm Theoretical uncertainties on propagation Conclusion

Outline

1 Modeling the high energy CRs fluxes

2 Propagation paradigm

3 Theoretical uncertainties on propagation

4 Conclusion

33/35



Yoann Génolini

Modeling the high energy CRs fluxes Propagation paradigm Theoretical uncertainties on propagation Conclusion

Main conclusions :

• Propagation is still very poorly known.
• Many results are infered from simplified
hypotheses.

• We hope that some spectral features will
reveal generic properties of propagation and
help to disentangle between different models.

New experimental results and updated analysis will come
soon !

34/35



Yoann Génolini

Modeling the high energy CRs fluxes Propagation paradigm Theoretical uncertainties on propagation Conclusion

Thanks for listening
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