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Why propagation is interesting ?

We don’'t measure directly the sources!

-~

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

The model has to take into account :

e Sources spectra :
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— Diffusion in phase space (x, p) D, = Dy.3.R°
— Convective wind u.
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Modeling the propagation

The model has to take into account :

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

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

e Interaction with the ISM :
—Energy losses
—Spallation (04, 0a—p)
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Modeling the propagation

A Simplified propagation equation for :
Ek>10GeV /nuc

e Interaction with the ISM

e Radioactivity

e Diffusion in space

O fa
ot

i_z - vm(Dzvmfa) =

+ UavanISMfa +

z
G + L7157, Oboatonismfs + L
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Modeling the propagation

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 propagation

Analytical resolution of the propagation equation :
For a stable nucleus :

Lmaz
ja(Ek) = Qa + Z Ob—a u7b / {Udiff + aa} (1)
Zb = Za

Primary and secondary source terms.

Where : gdiff = M
' v H

1 qq R \“
dQ, = ———=N, | —= | -
an Q 47 nrsm (1 GV)



Measuring CRs parameters
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Measuring CRs parameters

Secondary nuclei :
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Measuring CRs parameters

Secondary nuclei :

Li, B, Be are said secondary.
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Measuring CRs parameters

Secondary/primary ratio :

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

Hypothesis :



Measuring CRs parameters

Secondary/primary ratio :

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



Measuring CRs parameters

Secondary/primary ratio :

JIs(Ey) = ocsp Jof {Udiﬁ + UB} (2)

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



Measuring CRs parameters

Secondary/primary ratio :

JIs(Ey)
Jc(Ey)

diff

= ocB/ {0 +UB}-

Ts

x R7?
Jc

When : o5 << ¢/ =




Measuring CRs parameters

Experimental data

B/C

CRDE (http:/

psc. inZp3. fr/crdb)
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Measuring CRs parameters

Experimental data :

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

0.35 ")
030 HiH g»:g}%g}giﬁ
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New data with AMS02!..and soon CALET!



Measuring CRs parameters

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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Measuring CRs parameters

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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Quantifing uncertainties
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Quantifing uncertainties

Any assumptions ? :
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Quantifing uncertainties

Any assumptions ? :

Q=07
~ =~ VA
Js(Ey) o ~ oy I
Fh = = — Jc + T
Jc(By) 0%+ UB/ c Zéc o+ og Jc

e Primary boron contribution
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Quantifing uncertainties

Any assumptions ?

~~
]_—th _ jB<Ek) - QB /j + Z Ob—B ﬁ
- Tc(Ey) T oA g C o9 4 on Jc

e Primary boron contribution

e Production cross-section uncertainties
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Quantifing uncertainties

Any assumptions ?

~~
]_—th _ jB<Ek) - QB /j + Z Ob—B ﬁ
- Tc(Ey) T ol oy C o9 4 on Je

e Primary boron contribution
e Production cross-section uncertainties

e Destruction cross-section uncertainties
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Quantifing uncertainties

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
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Quantifing uncertainties

Primary boron ?

[Blasi, 2009], [Blasi and Serpico, 2009],
[Mertsch and Sarkar, 2009], [Mertsch and Sarkar, 2014]
— Secondary species may be formed at sources!

e Confinement inside a SNR at TeV/nuc :

o s Tsnr

X ~ 0.17
SNR S s 2101 yT

e Galactic diffusion at TeV/nuc :
Xpiff~= 1.2 gem ™2
= Order of 10% !



Quantifing uncertainties

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.



Quantifing uncertainties

Primary boron ?

Constraining £

35 -
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Quantifing uncertainties

Primary boron ?

Np

Scan on Ne -
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Quantifing uncerta

Primary boron ?

Np .
Scan on Ne -
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— Huge impact on the determination of delta!
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Quantifing uncertainties

Models of cross sections :

The different models for calculating cross section :

Z
JIs(Ex) iﬂc T /¢ ain
= ObsB —/ {U +UB}
Jo(Ey) 257, Jc

= Typical differences of 10 % are commonly observed.



Quantifing uncertainties

Models of cross sections :

The different models for calculating cross section :

e are based on old data.

Z
Ip(Ex) %l To /s _air
= g Oy —/ {U +UB}
Jc(Ey) 257, Jc

= Typical differences of 10 % are commonly observed.



Quantifing uncertainties

Models of cross sections :

The different models for calculating cross section :

e are based on old data.

e extrapolate values to high energy.

Z
JIs(Ex) iﬂc T /¢ ain
= ObsB —/ {U +UB}
Jo(Ey) 257, Jc

= Typical differences of 10 % are commonly observed.
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Quantifing uncertainties

Models of cross sections :

The different models for calculating cross section :

e are based on old data.
e extrapolate values to high energy.

e in some cases data do not exist at all.

Z
JIs(Ex) iﬂc T /¢ ain
= ObsB —/ {U +UB}
Jo(Ey) 257, Jc

= Typical differences of 10 % are commonly observed.

Yoann Génolini



Quantifing uncert

Dependence of propagation parameters on a
systematic rescaling :

3.0
—_ 2.5
S S
& [}
a0 2.0 .
: g =
H g 152
5 £ 8
< =5
e %‘; 1.0
A =
0.5
-80 0.4
40 30 20 -10 0 10 20 30 40 0 - - 1.0
Re-scaling of both 0,(,*) and o1 () [%] 30 20 10 0 10 20 30

Anticorrelated re-scaling of 0,(\,) and a},_,.(") [%]
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Quantifing uncertai

Dependence of propagation parameters on a
systematic rescaling :

3.0
—_ 2.5
S S
= S
oo @ -
5 o 20,
< E] =
S o 15 ¢
5 £ 8
= = 1.0
A =
0.5
-80 0.4
40 30 20 -10 0 10 20 30 40 1.0
Re-scaling of both 0,(,*) and o1 () [%] 80 20 10 0 10 20 30

Anticorrelated re-scaling of 0,(\,) and a},_,.(") [%]

— Huge impact again!
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Quantifing uncertainties

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.
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Quantifing uncertainties

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.

Yoann Génolini



Quantifing uncertainties

Thanks for listening !
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Quantifing uncertainties

Backup slides !
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Quantifing uncertainties

2-Models of production cross sections

26

22

Haz<a = 13% i
oaz<s=28%

=
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Primaries (Z)
=
KR
=)

=
=)
I

at 10 GeVinuc 90
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Secondaries (Z)
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Quantifing uncertainties

3-Models of destruction cross sections

Relative difference to Tripathi 1998 [%]

10

—— Letaw 1983
v B & P-1994

Wellisch 1996

at 10 GeV/muc

6 10

14
Charge (Z)

18

22

26
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Quantifing uncertainties

4-1D /2D diffusion models?

The two commonly used geometries :

2H

1

D

Infinitely thin matter dis|

Free escape boundary

2H

Free escape houndary

2D

Yoann Génolini
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Quantifing uncert

1D /2D diffusion models?

Geometry

Plane — 1D

Cylindrical — 2D
homogeneous source distribution

Cylindrical — 2D
realistic source distribution

Dy [kpc? /Myr]

(5.8+0.7) - 102

(5.7+0.7)- 102

(5.0+0.6) - 102

ADEP /D3P N/A —2% —13%
5 0.441 + 0.031 0.439 + 0.031 0.445 + 0.032
As1P /51D N/A 0% +1%
Xglc/ndof 5.4/8 ~ 0.68 5.4/8 ~ 0.68 5.5/8 ~ 0.69
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Quantifing uncert

1D /2D diffusion models?

Geometry Plane — 1D

Cylindrical — 2D
homogeneous source distribution

Cylindrical — 2D
realistic source distribution

Dg [kpcZ/Myr] (5.8 £0.7) - 102

(5.7+0.7)- 102

(5.0+0.6) - 102

ADEP /D3P N/A —2% —13%
5 0.441 + 0.031 0.439 + 0.031 0.445 + 0.032
As1P /51D N/A 0% +1%
Xglc/ndof 5.4/8 ~ 0.68 5.4/8 ~ 0.68 5.5/8 ~ 0.69

— Tiny impact!

Yoann Génolini
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Quantifing uncerta

Test of the model

Independence of the spectral index « :

60 16 0.35
50| B § - e X fdof b 3 — Benchmark fit
D 2% ' . ¢ ¢ $ AMSO2 preliminary
4 14 0.30 ¢
- t '
S
g 0.25 ]
& . ° ¢
=} -
E = £o020
o - 2
5" = Mo
8 ¢
Q 2 .
o 0.10 X°/dof ~.0.68 \‘\‘\i\
0.05
60— - - - J0.4 107 10! 10% 10°
—2.5 -24 —2.3 N —2.2 =21 —2.0 Ex (GeV/nuc)
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Quantifing uncerta

Simplifying the equation

108
107
108
108 e —  Taiff
- <o Teomw
el —  Tadia
gm/ === Teoulomb
R e 7t ot IO Tion
& — o
- Tradio

----- TEC—lim—capt

TEC—lim—desint

Treace

10~ 10°T 100 107 107 1
Energie cinetique par nucleon (GeV)
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Quantifing uncerta

Models of production cross sections :

’ Main production channels

Webber 03 ‘ S&T 2000 ‘ Webber 98 ‘ Webber 93

ocNo — B at 10 GeV /nuc [mb] [%] [%] [%]
2c — %8B 14.0 2.2 22 26
2c— B 47.0 13 14 18

o (§3c— 1% 4.70 48 21 0
o (g2c— i's 40.0 -26 2.2 4.3
o (N - 1B 9.90 40 0.14 1.0
o (N - i'B 27.2 1.8 -8.9 -11
o (N — %8 9.20 7.0 -71 -71
5N — tiB 28.0 -0.40 27 -28

o (%0 — i°B 10.7 -22 7.7 8.4
o (30 - i'B 24.0 2.8 9.4 -11
o(3’0o— %8 3.60 56 0.27 0
o (7o — 1B 19.7 22 1.4 0
o (80— 1% 0.70 89 6.3 4.3
o (%0 — i'B 12.0 53 2.2 0.80
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Quantifing uncertainties

Propagation equation

e Convection

Interaction with the ISM

Radioactivity

Diffusion in phase space

O fa
ot

da
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Quantifing uncertainties

Propagation equation

e Convection

o Interaction with the ISM
e Radioactivity

e Diffusion in phase space
[ ]

afa a a
o1 + uVgf, — %(un)p_a%
Ga
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Quantifing uncertainties

Propagation equation

e Convection

e [nteraction with the ISM

e Radioactivity

e Diffusion in phase space

°

Vo | 4 Vufa— H(Vo)plz + Vp(b(p)f)
ot zJa — 3\Va op p a
qa
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Quantifing uncertainties

Propagation equation

e Convection

o Interaction with the ISM

e Radioactivity

e Diffusion in phase space

[ ]

0fa

aJ; + uVgfa— %(Vw-u)p%% + Vp(b(p)fa) + 0qUanrsm fa
Ga
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Quantifing uncertainties

Propagation equation

e Convection

o Interaction with the ISM

e Radioactivity

e Diffusion in phase space

[ ]

0fa

o | [uVefe — §(TVawp%e + [ Vp0@)fa) + ouvanssate +
fa

Ga
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Quantifing uncertainties

Propagation equation

e Convection

o Interaction with the ISM

e Radioactivity

e Diffusion in phase space

[ ]

0fa

aJ; + uVgfa— %(Vw.u)p%% + Vp(b(p)fa) + 0aVanIsM fa +

i,% - Vw(Dwwaa)

da
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Quantifing uncertainties

Propagation equation

e Convection

Interaction with the ISM

Radioactivity

Diffusion in phase space

O fa
ot

i,% - Vw(Dwwaa) - VP'(DPVPfa) =

+ u.Vafo— %(Vw.u)p%% + Vp(b(p)fa) + oavanismfa +

da
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Quantifing uncertainties

Propagation equation

e Convection

e [nteraction with the ISM
e Radioactivity

e Diffusion in phase space

O fa
ot

i,% - Vw(Dwwaa) - VP'(DPVPfa) =

+ uvwfa__(v u)p_L + V ( (p)fa) + oavanismfa +

z
Ga + 227057, Ob—abnism fo
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Quantifing uncertainties

Propagation equation

e Convection

e [nteraction with the ISM
e Radioactivity

e Diffusion in phase space

O fa
ot

i,% - Vw(Dwwaa) - VP'(DPVPfa) =

+ uvwfa__(v u)p_L + V ( (p)fa) + oavanismfa +

Z
qa + Zzggmza Ob—aVbNIsMm fo + ‘%
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Quantifing uncertainties

Primary boron ?

N

Scan on Ne

240
210
180

[
[l
S o

Relative change [%]
©o
[=]

0 2 1 6 8 10 12 14
Primary abundances ratio Ny /N [%] Yoann Génolini

35/36




Quantifing uncerta

Different weights at 10GeV /nuc :

3

& %5

g Webber 03

£ reference propagation parameters

=40
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S 31.8

530

>
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&

1

: 10 66 “

3 |30 D 33 =2 23 25
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& o2 i |
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Quantifing uncertainties

[ Blasi, P. (2009).
The origin of the positron excess in cosmic rays.
Phys.Rev.Lett., 103 :051104.

B Blasi, P. and Serpico, P. D. (2009).
High-energy antiprotons from old supernova remnants.
Phys.Rev.Lett., 103 :081103.

B Mertsch, P. and Sarkar, S. (2009).
Testing astrophysical models for the PAMELA positron
excess with cosmic ray nuclei.
Phys.Rev.Lett., 103 :081104.

[ Mertsch, P. and Sarkar, S. (2014).
AMS-02 data confront acceleration of cosmic ray
secondaries in nearby sources.
Prd, 90(6) :061301.
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