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Modeling the high energy CRs fluxes

We don’'t measure directly the sources!

Sources

Propagation ?

-

Detection
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Modeling the high energy CRs fluxes

The model has to take into account :

e Sources spectra :
— Q (Ey) < R~%, with R(Ey) = 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, 00—5)
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Modeling the high energy CRs fluxes P

Simplified propagation equation :

0 fa
8J:€ + ‘/cvmfa_%(vm‘/c)p%% + Vp(b(p)fa) + UavanISMfa -
i - vw(Dzva:fa) - Vp'(DPVPfG) =

Ta
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Zima b

Qo + Zzb>§a Op—aUbnrsafo + Tb
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Modeling the high energy CRs fluxes

Simplifying the equation :

Ek>10GeV/nuc
0fa

— + oLUsNn o T
o s f

fa Vo (DyVafa) =

z
Qo + D757, Ob—aVblirsmfo + I

)



Modeling the high energy CRs fluxes

Galaxy model :

A
Free escape boundary
Hf .~ ,* 2h
Infinitely thin matter disk A
Free escape houndary
Y

Surface density of the disc 4 = 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 :

Zmaac
ja(Ek) = Qa + Z Ob—a s7b / {O-diﬁ + Ua} (1)
Zb > Za

Primary and secondary source terms.

Where : gdiff = M
' uvH

1 qq R \“
dQ, = — =N, | — ) -
an Q 41 nrsm <1 GV>




Modeling the high energy CRs fluxes

High energy behaviour of fluxes :

Ek>10GeV /nuc

Hadrons :
Primary species : @—»c‘; = Jo ox R—(etd)

Li
{g—)(?lmn%é:e = Jp x Rf(a+26)

Secondary species :

Secondary leptons : = J.+ . oc R~
(Thomson energy losses)



Modeling the high energy CRs fluxes

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

Some measurements which challenge this models :
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Propagation paradigm
= State of the art

How do we constrain the propagation ?

e VeV afs = (Ve Vo 229, 0(p) ) + outanrsas fort

ot 9p
L Ve (DaVeta) — Vp(DyVpfa) =

a

Zmam
fo
Qo + E Op—aVbNrsnm fo + .
Z5>Z, b



Propagation paradigm
= State of the art

How do we constrain the propagation ?

Vp(b(p)fa) + 0aVan 1M fa+

D fa 0fa
o+ VeVala—3 (v Ve)p 9

& — Vs (D.'L'V:Bfll) - VP'(DT)vpfa) =

Zmax

qa + E Obp—aUbn 150 fo + —
Zs2Za

e Characteristics of the Galaxy
e Based on nuclear data

Yoann Génolini
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We are need to determine these parameters :

V 2
V., D,=DyR’, D,= 9%1:?, H



Propagation paradigm
= State of the art

How do we constrain the propagation ?

We are need to determine these parameters :

‘/(:a VA, DO: 67 H



Propagation paradigm
= State of the art

Measuring the propagation parameters :

Carbon

Li
! (i)
——)’H)) _>Be
\B
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Propagation paradigm
= State of the art

Measuring the propagation parameters :

Carbon

Li
! (i)
——)’H)) _>Be
\B

Li, B, Be are said secondary.
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Propagation paradigm
= State of the art

Secondary/primary ratio :

Zmax
JIp(Ex) = S Qp+ Z ob»B Tb /{Udiﬂ-i-O’B} (2)
Zy = Zp

Hypothesis :



Propagation paradigm
= State of the art

Secondary/primary ratio :

Zmaz
JI(Ey) = Z opsn To/ {0 + o} (2)
Zy > Zp
Hypothesis :
[ ] QB = O



Propagation paradigm
= State of the art

Secondary/primary ratio :

Is(Er) = ocsp Jof {Udiﬂ +op} (2)

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



Propagation paradigm
= State of the art

Secondary/primary ratio :

T (Ex) diff
=0 o +opy.
) diff g )
When : o5 << o =||— xR
Jc




Propagation paradigm

= State of the art

Experimental data
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Propagation paradigm
= State of the art

Experimental data :

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

B/C
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New data with AMSO02!..and soon CALET! Yoann Génolini



Propagation paradigm

= State of the art

Analysis currently used :
[Maurin 2001] = 1623(30) sets are found to be consistent with
B/C.

8=0.85

]
V, lkm s”]

K(R) spectral index &
o
I
o
B

Tso-y” contours for B/C

|||II 5=046

Iso-y contours for B/C (x’<40)

v, tkm 51/ K, (kpe Myr™”)
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Propagation paradigm

= State of the art

Other analysis :

[Putze 2010] = More comprhensive study(Including °Be/° Be).
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Propagation paradigm

= Positrons

Typical fits of the positron fraction : ®,, = B 1 <I>gf‘“a‘”y

Dark matter
Pulsar explanation ? explanation ?

- astrophysical background (MED) I AMS-02 data, published errors -~ astrophysical background (MED) I AMS-02 data, published errors
ibution -~ exotic contribution T AMS-02 data, corrected errors

ex T  AMS-02 data, corrected errors

—— total

o5

% 010

J1745-3040 ||

005 Monogem 0,05

100 107
E[GeV]

107
E[GeV]

Fit of {fWo,~} Fit of {< ov >, m,}
Yoann Génolini



Modeling the higkh Propagation paradigm The al uncertainties on propagation Conclusion

= Positrons

Systematic vs statistical uncertainties

s s S
I
=
e 1745 — 3040 for {Ko, L. 5} with p > 0.0455

Wy - bb for (K, L, 6} with p > 0.0455

Wy [10GeV]

ov > [107% em? -

10
m, [TeV]

= The systematics on propagation dominate
completely their determination.
[Boudaud 2014] : Carefull analysis of the positron fraction.

Yoann Génolini
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Propagation paradigm

= Positrons

Boudaud 2014 — arxiv[1410.3799]

©ESO 2015

A & Astrophysie ipt no. CRAC_paper_1
January 22, 2015

A new look at the cosmic ray positron fraction
M. Boudaud', S. Aupetit', S. Caroft?, A. Putze®?, G. Belanger, Y. Genolini', C. Goy?, V. Poireau?, V. Poulin’,
S. Rosier2, P. Salati!, L. Tao?, and M. VecchiZ 3:***
! LAPTh, Université de Savoie & CNRS, 9 Chemin de Bellevue, B.P.110 Annecy-le-Vieux, F-74941, France
2 LAPP, Université de Savoie & CNRS, 9 Chemin de Bellevue, BP.110 Annecy-le-Vieux, F-74941, France

* Instituto de Fisica de Sa& Carlos - Av. Trabalhador sad-carlense, 400 CEP: 13566-590 - Sad Carlos (SP), Brazil

Received; accepted
Preprint numbers : LAPTH-224/14

ABSTRACT

Context. The positron fraction in cosmic rays has recently been measured with improved accuracy up to 500 GeV, and it was found
to be a steadily increasing function of energy above ~ 10 GeV. This behaviour contrasts with standard astrophysical mechanisms, in
which positrons are sccondary particles, produced in the interactions of primary cosmic rays during their propagation in the interstellar

Yoann Génolini
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Propagation paradigm
= Antiprotons

Revaluation of the astrophysical background :

103
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Propagation paradigm
= Antiprotons

Revaluation of the astrophysical background :

103

¢ PAMELA 2012
§  AMS-022015

_ o-!...!-.,;;+ f
10~

o5/ )

10-°

— Fiducial

1 5 10 50 100
Kinetic energy T [GeV]

10-°¢

Yoann Génolini
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Propagation paradigm
= Antiprotons

Revaluation of the astrophysical background.

Equation in steady state :

0.(Vep) — DAY 4 Op{b* (E)) — Dy (E)OpY} = Q

With : Q(¢p, Yie, 0pr—p(E), ..)

e Propagation — [Maurin 2001]
e Primary fluxes — [AMS02 2015]

e Production cross-section — [di Mauro 2014]

Yoann Génolini



Propagation paradigm

= Antiprotons

Revaluation of the astrophysical background :

1073

PAMELA 2012
AMS-02 2015

o

Fiducial

® Uncertainty from: Cross-sections
Propagation

B Primary slopes
Solar modulation
10—¢
1 5 10 50 100
Kinetic energy T [GeV]
— Published in [Guisen 2015] Yoann Génelin



Propagation paradigm

= Antiprotons

Revaluation of the astrophysical background :

1073

¢ PAMELA 2012
¢ AMS-022015

&
B ; .
~
3 real tension!
10—3° — Fiducial
0 Uncertainty from: Cross-sections
Propagation
B Primary slopes
Solar modulation
10-¢
1 5 10 50 100
Kinetic energy T [GeV]
— Published in [Guisen 2015] Yoann Génelin



Propagation paradigm

= Antiprotons

Guisen 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 Blanc, CNRS,
F-7/941 Annecy-le- Vieux, France

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

Abstract

Yoann Génolini

Using the updated proton and helium fluxes just released by the AMs-
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Theoretical uncertainties on propagation
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© Theoretical uncertainties on propagation
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Theoretical uncertainties on propagation

Benchmark model :

The goal is to minimize :

F® — Fih(Parameters..) }2

XZB/C = Z { o,

Ve - 3 e Reference parameter values
| Do [kp/Myr] (5.8 £0.7) - 102
\ 5 0.44 +0.03
SR W Xye/dof 5.4/8 ~ 0.68
4 y=a— 90 (fixed) —2.78

Yoann Génolini
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Theoretical uncertainties on propagation

Benchmark model :

The goal is to minimize :

2020

0.15]

0,100 X fdof &

0.05

XQB/C = Z{

%

FEP — FS, Do) }

g;

— Benchmark fit

4 ¢ AMS02 prelimin:

ary

10 107
I (GeVinuc)

Reference parameter values

Dy [kpc?/Myr] (5.8+£0.7)- 1072

) 0.44 £0.03
X3,/ dof 5.4/8 ~ 0.68
v =a— 4 (fixed) —2.78

Yoann Génolini

35/45



Theoretical uncertainties on propagation

Any assumptions ? :

w Je(Er) Qs o8 T
P = Jc(Ey) adiff—l-JB/jc * Z odi

Yoann Génolini
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Theoretical uncertainties on propagation

Any assumptions ? :

w Js(Ex) Qs opsg Ip
7= Jc(By) adiff—i-ag/jc * Z odi

e Primary boron contribution

Yoann Génolini
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Theoretical uncertainties on propagation

Any assumptions ?

Q=07
~ =~ z
Js(Er) (B —~ 0.5 D
th _ _ b
;= Tc(Ey) Udiff+aB/‘7C T Z o o Tc

e Primary boron contribution

e Production cross-section uncertainties

Yoann Génolini
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Theoretical uncertainties on propagation

Any assumptions ?

Q=07
~ =~ z
Js(Er) (B —~ 0.5 D
th _ _ b
7 Tc(Ey) Udiff+03/‘7c T Z o o Tc

e Primary boron contribution
e Production cross-section uncertainties

e Destruction cross-section uncertainties

Yoann Génolini
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Theoretical uncertainties on propagation

Any assumptions ? :

Q=07
Fh _ Je(Ey) _ .fé; e + Zix T8 N
Jc(Ey) o4+ op ZisZe o + o5 Jc
1D/2Dgeometry?
e Primary boron contribution
e Production cross-section uncertainties
e Destruction cross-section uncertainties
e Geometry framework

Yoann Génolini
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Theoretical uncertainties on propagation

Primary boron ?

[Bla09], [BS09], [MS09], [MS14]
— Secondary species may be formed at sources!
e Confinement inside a SNR at TeV/nuc :

o nism Tsnr
cm~3 2.10% yr

XSNR ~ 0.17 gcm

e Galactic diffusion at TeV/nuc :

XD’Lff ~ 1.2 ng72

= Order of 10% !



Theoretical uncertainties on propagation

Primary boron ?

At high energy...

Z
jB<Ek) QB . ‘-7b diff
=44 - +o0 + o — o +o
Zy> o
X NB
HE N¢

...it leads to a plateau.



Theoretical uncertainties on propagation

Primary boron ?

Constraining {2 :

4.0
0-35f¢ ; Benchmark fit 8 ol —  In(E0)/Tc(Eo) = Xbye/dot).
4 4 4 AMSO02 preliminary > 3.5
0.30 + ©
o]
¢ 3 ) - /
. t B 11 b BX erimental 20 limit, | .../
. 0.25 + i " s
el 5] ' =
£0.20 £ fo{207D
0.15 3 = L
0101 X3/dof ~0.68 1.0
S S = S R P 0.5
0.05 2WGeVmue ~~ & | —— TTT,emel_o--
10" 10! 10% 10° 2 4 6 8 10 12 0
Ej. (GeV/nuc) Primary abundances ratio : Ng/N¢ [%]
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Theoretical uncertainties on propagation

Primary boron ?

Scan on

Relative change [%]
gso88¢8

o
3

2 4 8
Primary abundances ratio

10 12
Ny /Ne [%)

14

y) with Ey = 214GeV [%]

12

11

10

—  Tn(En)/Jc(Eo) cee X o/dof s
/30

Experimental 20 limit .
2.5

=
=
X/ dof

4 6 8 10

12 14
Primary abundances ratio : N/N¢ [%]
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Theoretical uncertainties on propagation

Primary boron ?

Scan on 32 :

—_ T P N

240 8 ol — TB(E0)/Tc(E) oo Xpjo/dof s

210 > 13
g™ % S o T a0
& 150 :\‘4 11 Experimental 20 limit h .
@ D
%HIZO 5 K ]

90 o SobeS
H £ 10 g °2
o 60 5 4 =
k] /! 1.5
Rl ,’
S0 1.0

-30 % i

60 Toeee Pl 0.5

90 .

10 12 14 2 4 6 8 10 15 0

2 4 8 X X ) 12
Primary abundances ratio Ni/Nc [%] Primary abundances ratio : Np/Nc [%]
— Huge impact on the determination of delta!

Yoann Génolini



Theoretical uncertainties on propagation

Summary of the main systematics :

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

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

Prospects, what we need at zero order :

Yoann Génolini
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Summary of the main systematics :

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

A/ +15% 0 to +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.

Yoann Génolini



Theoretical uncertainties on propagation

Génolini 2015 — arxiv[1504.03134]

A & Astrophysi ipt no. draft4 @ESO 2015
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 i of it i 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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Future projects
e Discretness Of sources :

With Pasquale Serpico, Pierre Salati and
Richard Taillet.

e Revaluation of secondary positon propagation
uncertainties :
With Antje Putze for an updated analysis.

e An updated analysis of the B/C ratio..
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Conclusion

Thanks for listening
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