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Modeling the high energy CRs fluxes

We don’'t measure directly the sources!

-~

Sources Propagation ? Detection
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The model has to take into account :

e Sources spectra :
— Q(Ey) x R~%, with R(E}) =p/(Ze) and
a € [2.0,2.5]

e Transport (In the case of a weak electromagnetic
turbulence) :
— Diffusion in phase space (x, p) D, = Dy.3.R°
— Convective wind V.

e Interaction with the ISM :
—Energy losses
—Spallation (04, 0ap)
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Propagation equation for a nucleus a
simplified version at high energy :

Ek>10GeV /nuc

0fa
ot

L — Vu(DoVafa) =

+ UavanISMfa +

Z b
Ga + D757, ObmaVstusmfo + o
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Modeling the high energy CRs fluxes

Galaxy model :

Free escape boundary

HE e 1 2h

Infinitely thin matter disk *

Free escape boundary

Y

Surface density of the disc ;1 = 2.4 mg.cm 2.
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Modeling the high energy CRs fluxes

Analytical resolution of the propagation equation :

For a stable nucleus :

Zmax
JlB) = Qat Y. ovsa Ty g /{0 +0.}|| (1)
Zb>Za

Primary and secondary source terms.

Where:adiﬁ:w%ocRé and
v
R (6%
_ N, (= o
(a “(1(}\/) xR



Modeling the high energy CRs fluxes

Analytical resolution of the propagation equation :

For a stable nucleus :

Zma:r
ja(Ek> - Qa + Z Ob—a \7b /{Udiff +0a} (1)
Zb 2 Za
. 2D
Where : gdiff — # x R® and
%
R (07
=N, | —— @
Qa = Na (1 GV) xR

Primary species : = Jo oc R™(@+9)
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Modeling the high energy CRs fluxes

Measurements are in agrement with this model |
At zero order we find a featureless and universal power-law
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Modeling the high energy CRs fluxes

Some measurements which challenge this model :
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Modeling the high energy CRs fluxes

Some measurements which challenge this model :
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Some measurements which challenge this model :
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Some measurements which challenge this model :
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Propagation paradigm

How do we constrain the propagation ?

We need to determine these parameters :

Va2
. D,=DyR’ D,=—9p> H
VJ ORv P 9Dxpa



Propagation paradigm

Measuring the propagation parameters :

Li
K@

Carbon
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Propagation paradigm

Measuring the propagation parameters :

Li
K@

Carbon

Li, B, Be are said secondary.
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Propagation paradigm

Secondary/primary ratio :

Zmal‘
JIs(Er) = { Qp+ Z opsB Jp /{Udiﬁ—i‘UB} (2)
Zy = Zp

Hypothesis :



Propagation paradigm

Secondary/primary ratio :

Zmal‘
JI(Er) = Z ovsn o) {0 +op} (2)
Zy 2 Zp
Hypothesis :
e Yp=0



Propagation paradigm

Secondary/primary ratio :

JIs(Ey) = ocsp Jof {Udiﬁ + UB} (2)

Hypothesis :
* Qp=0
e Double nuclei system (B,C)



Propagation paradigm

Secondary/primary ratio :

JIs(Ey)
Jc(Ey)

diff

= ocB/ {0 +UB}-

Ts

x R7?
Jc

When : o5 << ¢/ =




Propagation paradigm

Experimental data

B/C

CRDE (http:/

psc. inZp3. fr/crdb)
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Propagation paradigm

Experimental data :

« « B/C old data
« « AMS02 ICRC(preliminary)
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Propagation paradigm

Application to antiprotons!
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Propagation paradigm

Revaluation of the astrophysical background :
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Propagation paradigm

Revaluation of the astrophysical background :
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Propagation paradigm

Revaluation of the astrophysical background.

Equation in steady state :

0. (Verp) — D, A + 0 {0 (B — D (E)Opy} = Q

With : Q(l/ﬁn ¢He7 UpH—nﬁ(E)? )

e Propagation — [Maurin 2001]
e Primary fluxes — [AMSO02 2015]

e Production cross-section — [di Mauro 2014]



Propagation paradigm

Revaluation of the astrophysical background :
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Propagation paradigm

Revaluation of the astrophysical background :
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Propagation paradigm

Giesen 2015 — arxiv[1504.0427]

AMS-02 antiprotons, at last!

Secondary astrophysical component and
immediate implications for Dark Matter

Gaélle Giesen®*, Mathieu Boudaud®, Yoann Génolini*, Vivian Poulin®<,
Marco Cirelli¢, Pierre Salati’, Pasquale D. Serpico®
@ Institut de Physique Théorique, Université Paris Saclay, CNRS, CEA,
F-91191 Gif-sur-Yvette, France

b LAPTh, Université Savoie Mont Blane, CNRS,
F-74941 Annecy-le- Vieuz, France

< Institute for Theoretical Particle Physics and Cosmology (TTK),
RWTH Aachen University, D-52056 Aachen, Germany.

Abstract

Using the updated proton and helium fluxes just released by the Ams-
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Outline

€ Theoretical uncertainties on propagation
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Theoretical uncertainties on propagation

Benchmark model :

The goal is to minimize :

F7® — FR(Parameters..) ?
Vo= 2 ; }

i

—  Benchmark fit

s N . Reference parameter values
ot Dy [kpc?/Myr] (5.8+0.7) - 1072
L 5 0.44 £0.03

o L Odyo/dof 5.4/8 ~ 0.68

o 1y =a— 9 (fixed) —2.78
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Theoretical uncertainties on propagation

Benchmark model :

The goal is to minimize :

FEP — (5, Do)\
XQB/C_Z{ o ( 0)}

%

—  Benchmark fit

s N . Reference parameter values
ot Dy [kpc?/Myr] (5.8+0.7) - 1072
L 5 0.44 £0.03

o L Odyo/dof 5.4/8 ~ 0.68

o 1y =a— 9 (fixed) —2.78
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Theoretical uncertainties on propagation

Any assumptions ? :
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Theoretical uncertainties on propagation

Any assumptions ? :

~~
Fth _ Js(Er) Qs 1Te + Z o8 T
- Tc(Ey) T oA g C o9 4 on Jc

e Primary boron contribution
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Theoretical uncertainties on propagation

Any assumptions ?

=~
]_—th _ jB<Ek) o QB /jc + Z g8 I

O'diff—i—O'B jC

e Primary boron contribution

e Production cross-section uncertainties
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Theoretical uncertainties on propagation

Any assumptions ?

=~
]_—th _ jB<Ek) o QB /jc + Z g8 I

O'diff—i—O'B jC

e Primary boron contribution
e Production cross-section uncertainties

e Destruction cross-section uncertainties
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Theoretical uncertainties on propagation

Any assumptions ?

Q=07
Fo_ o) Qe < nw B
Jc(By) o+ op 73 0+ o8 Jc
: 1D/2D;;)metry?

Primary boron contribution

Production cross-section uncertainties

Destruction cross-section uncertainties

Geometry framework

Yoann Génolini
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Theoretical uncertainties on propagation

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 :

o s Isnr
cm—3 2.10% yr

Xsnr ~ 0.17 gcm

e Galactic diffusion at TeV/nuc :

XDiff ~ 1.2 gCHl_2

= Order of 10% !

Yoann Génolini
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Theoretical uncertainties on propagation

Primary boron ?

At high energy...

Z
JIs(Ek) ) o~ T diff
=5 to + o — o +o
To(Er) Jo 7P ZZ 8 (! { )
b > 2o
X NB
HE Ng

...it leads to a plateau.



Theoretical uncertainties on propagation

Primary boron ?

Constraining £
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Theoretical uncertainties on propagation

Primary boron ?

Np
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Theoretical uncertainties on propagation

Primary boron ?

Np .
Scan on £ :
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— Huge impact on the determination of delta!
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Theoretical uncertainties on propagation

Summary of the main systematics :

Wind 1D/2D geometry  Cross-sections  Primary boron
ADo/Do  —40% —2 to —13% +60% 0 to —90%

A/ +15% 0to +1% +20% 0 to +100%

Prospects, what we need at zero order :
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Summary of the main systematics :

Wind 1D/2D geometry  Cross-sections  Primary boron
ADo/Do  —40% —2 to —13% +60% 0 to —90%

A/ +15% 0to +1% +20% 0 to +100%

Prospects, what we need at zero order :

@ Find a way to quantify primary boron contribution.

® New precise measurements of nuclear cross-sections.
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Theoretical uncertainties on propagation

Génolini 2015 — arxiv[1504.03134]

A & Astrophysi ipt no. drafi4 ©ES02015
July 22, 2015

Theoretical uncertainties in extracting cosmic-ray diffusion
parameters: the boron-to-carbon ratio

Y. Genolini*, A. Putze, P. Salati, and P. D. Serpico

LAPTh, Université Savoie Mont Blanc & CNRS, 9 Chemin de Bellevue, B.P.110 Annecy-le-Vieux, F-74941, France

Received; accepted
Preprint numbers : LAPTH-018/15

ABSTRACT

| Context. PAMELA and, more recently, AMS-02, are ushering us into a new era of greatly reduced statistical uncertainties in exper-
imental measurements of cosmic-ray fluxes. In particular, new inati of it i ic tools such as the boron-to-
carbon ratio (B/C) are expected to significantly reduce errors on cosmic-ray diffusion parameters, with important implications for
astroparticle physics, ranging from inferring primary source spectra to indirect dark matter searches.
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Outline

O Conclusion
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Main conclusions :

e Propagation is still very poorly known.

e Many results are infered from simplified
hypotheses.

e 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 !
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Thanks for listening
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