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Introduction
Pioniers of the discovery :

» 1911 : Domenico Pacini

—> "Observations that were made on the sea during
the year 1910 led me to conclude that a significant
proportion of the pervasive radiation that is found in
air had an origin that was independent of direct
action of the active substances in the upper layers of
the Earth's surface.” Pacini, D. (1912):
radiazione penetrante alla superfs
seno alle acque.

in

» 1912 : Victor Hess

—> “The results of the present observations seem to
be most readily explained by the assumption that a
radiation of very high penetrating power enters our
atmosphere from above ... Since | found a reduction

. neither by night nor at a solar eclipse, one can
hardly consider the Sun as the origin."Hess, V. F.
(1912). Observations of the penetrating
radiation on seven balloon flights. Physik. Yoann Génolini
Zeitschr.
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The precision era!
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Salient feature 1

Composition of cosmic rays :

Particle Fraction
—~— Protons protons 85%
=~ Helium helium nuclei 12.5%
—— Carbon heavier nuclei 1%

Electrons 1.5%

=== Iron

= Very small fraction of otherthings
than proton and helium.

R 10 10° 10°
Kinetic energy/nucleon [GeV/A] Yoann Génolini




Salient feature 1

Composition of cosmic rays :

Particle Fraction
—— Protons protons 85%
- Electrons + positrons helium nuclei 12.5%
- Positrons heavier nuclei 1%
—=— Anti-protons Electrons 1.5%

= Very small fraction of otherthings
than proton and helium.

= 1 ¢t /103 Protons, 1 p/10*
Protons !

10* 10° 10° .
Kinetic energy [GeV] Yoann Génolini




Salient feature 1

Composition of cosmic rays :

—— Protons
—=— Antiprotons
—=- Gamma rays (all sky)

-5 Gamma rays (EGB)

10* 10° 10°
Kinetic energy [GeV]

Particle Fraction
protons 85%
helium nuclei 12.5%
heavier nuclei 1%
Electrons 1.5%

= Very small fraction of otherthings
than proton and helium.

= 1 1 /103 Protons, 1 p/10*
Protons !

= Even less gamma-rays..but cleaner
channel.
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Salient feature 1
Secondary or primary species ?

o-- Solar System (Lodders)
—e— GCR (ACE/CRIS)
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Salient feature 1
Secondary or primary species ?

o-- Solar System (Lodders)
— GCR (ACE/CRIS)
Israel et al (2005). Nuclear

Physics, Nuclear Physics 4, 758,
201-208

= Abundance differences explained by
secondary production.
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Salient feature 1
Secondary or primary species ?

o-- Solar System (Lodders)
— GCR (ACE/CRIS)
Israel et al (2005). Nuclear

Physics, Nuclear Physics 4, 758,
201-208

= Abundance differences explained by
secondary production.
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Quantitatively CR antiparticles are
ostly secondary !
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Salient feature 2

Cosmic rays spectrum

Cosmic Ray Spectra of Various Experiments

A5 - ground array

Fiy's Epe - ae fuorescence

Flux (m? sr GeV sec)’

Auger - hybrid

{1 particleim”-year)

Ankd
(1 particlafkm’-yoar)

{4 particlelkm®-century}— = 3

» il P i v il
10° 10" 10™ 10'2 10™ 10™ 10" 10 10" 10" 10" 10

Energy (eV)

http://www.physics.utah.edu/ whanlon/spectrum.html
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Salient feature 2

Cosmic rays spectrum

Total

Grigorov &
JACEE
MGU v

10t 100 10 107
n]

108 10° 10" 10"
[GeV]

http://www.physics.utah.edu/ whanlon/spectrum.html
-

Most beautiful powerlaw in nature ?
U E72.7+A

= Aknee ® —0.3  Agngie = +0.37
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Salient feature 2

Cosmic rays spectrum :

@ [Py, =CR

— Single power law fit
(R>25GV)
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S.Ting presentation, CERN, december 2016

= Tiny difference of slopes Ay f. ~ 0.1
-
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Salient feature 2

CosmiC rays SpeCtrum .
LA

..'\ugexpc(ed

“Wﬁfm{i
Odels  ----

™ unexpected
’e e t]
tmog,
Momentum/Charge [GV] els
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1 2345 10 20 1022x10? 10°2x10°

S.Ting presentation, CERN, december 2016

= Tiny difference of slopes Ay . ~ 0.1
.
= A universal kinck at R > 200GV ? Apiner = 0.12 —0.13
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The challenge of CRs propagation

Yoann Génolini
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The propagation equation

CRs diffuse in the turbulent magnetic field..

..and undergo a large variety of processes

Yoann Génolini
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The propagation equation

CRs diffuse in the turbulent magnetic field..

Ekers, R.D. & Sancisi, R. (1977). The radio continuum halo in NEI/Gépplini
Astronomy and Astrophysics
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The propagation equation

Yoann Génolini
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The propagation equation

» Source term ¢, x R™%, a € [2,2.5]

0fa
ot
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The propagation equation

> o X R™%, a € [2,2.5]

» Diffusion in phase space K = KySR?

0fa

ot _ Vm'(K V:cfa) e vp'(D foa)

qa

Yoann Génolini
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The propagation equation

» Source term ¢, x R™%, a € [2,2.5]
» Diffusion in phase space K = Ky8R?

» Convection

%_ V(K Vafo) B Vp.(D Vpfa) +_

Yoann Génolini
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The propagation equation

» Source term ¢, x R™%, a € [2,2.5]

Diffusion in phase space K = KySR?

\{

Convection

\{

» Interaction with th

Yoann Génolini
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The propagation equation

> o X R™%, a € [2,2.5]

\{

Diffusion in phase space K = Ky8R°

\4

Convection

v

Interaction with the ISM

' -

s,
S VoK Vafa) = V(D Vo) + VeVafa = §(VoVelp
+ vp(b(p)fa) o O'a’UanISMfa + %

Jo

=ga + ZZ;";"‘Za Tp—saVbnIsm fo + =
b

Yoann Génolini
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The propagation equation

There are many parameters to fix!

9fa

ot
g
3

— VoK Vafa) = V(D Vpfo) + VeVt

Ofa
dp

Zmaz
i fo
=(q + E Ob—aUbWr5ns fo + ~
b

Z,BZZa

(vﬂi‘/c)p pr vp(b(p)fa) I OqUq NISM fa

+

gl

a
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The propagation equation

There are many parameters to fix!

9fa
ot

il
— 5 :c‘/c
:JV )P

— Vo K Vafa) = VoD Vpfo) + VeVals
Ofa
dp

Z
=(q t+ Z Ob—saUb rsns fo -1-

ZB>Za

Ja

a

+ Vo (DT V), 1251 fo +

= Fixed by “Laboratory” experiments or simulations

= Fixed by cosmic ray fluxes depending on the
choosen phenomenology

Yoann Génolini
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The propagation equation

There are many parameters to fix!

Ofa
8]; — Vo (K Vgfs) = V(D Vpfa) + Ve Vafa
1 af,
2 §(vm‘/c)p a - vp(b(p =y OqUq TV ISM fa =
P
Zma:t f
=(q t+ Z Ob_saUp NS b+_b
Tb
ZB>Za

fa

a

= Fixed by “Laboratory” experiments or simulations

= Fixed by cosmic ray fluxes depending on the
choosen phenomenology

—Key observable : secondary to primary ratios hoeann Génolini
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Example of the boron to carbon ratio

Secondary/primary ratio in a 1D geometry :

Zmam
JIs(Ex) = ¢ Qp+ Z o8B T /{Udiﬁ-i-UB} (1)
Zy =2 Zp

Hypothesis : ’

Yoann Génolini
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Example of the boron to carbon ratio

Secondary/primary ratio in a 1D geometry :

Zmaw
TIs(Bx) = > ovsp B/ {0 + 05} (1)
Zy = Zp
Hypothesis : ’

VQBZO

Yoann Génolini
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Example of the boron to carbon ratio

Secondary/primary ratio in a 1D geometry :
JIs(Ex) = ocon Ja/ {Jdiﬁ + UB} (1)

Hypothesis :

’QBZO ’

» Double nuclei system (B,C)

Yoann Génolini

17



Example of the boron to carbon ratio

Secondary/primary ratio in a 1D geometry :

@(Ek) = UC—)B/ {O'diff—FO'B}.

When : o5 << 0% x K = KR =

JB

Y2 x RO
Jc =

Yoann Génolini
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Example of the boron to carbon ratio
Experimental data :

ATICO2(2003/01)

Balloon{ 197309+ 197405

10
Ekn [GeVin]

.
CRDB data base. Maurin et al

= The decreasing powerlaw is well motivated by the data cenolini
19



Example of the boron to carbon ratio

Experimental data :

¢ All the data

[N}

o

(=}
=
<
=
Qo
<
m

1071 100 10! 10%
E;. (GeV/nuc)

Engelmann, J. J. et al (1990). Astronomy and Astrophysics, 233, 96-111.

= At ~ 10GeV UPAMELA ~ 6.5 and U’t{??AOS ~ 1.3

HEAOJ T AMS02 .
Yoann Génolini
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Example of the boron to carbon ratio

Experimental data :

All the data

(=}
=
<
=
Qo
<
m

1071 100 10! 10%
E;. (GeV/nuc)

Engelmann, J. J. et al (1990). Astronomy and Astrophysics, 233, 96-111.

= At ~ 10GeV UPAMELA ~ 6.5 and Z’t{f“?’ ~ 1.3

HEAOJ AMS02 .
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Example of the boron to carbon ratio

Experimental data :

¢ HEAO3 1980

(=}
=
<
=
Qo
<
m

1071 100 10! 10%
E;. (GeV/nuc)

Engelmann, J. J. et al (1990). Astronomy and Astrophysics, 233, 96-111.

UHEAOS ~1.3

— At ~ 10GeV UPAMELA ~ 6.5 and —iLaos

HEAOJ T AMS02 .
Yoann Génolini

20



Example of the boron to carbon ratio

Experimental data :

HEAO3 1980
PAMELA 2008

(=}
=
<
=
Qo
<
m

1071 100 10! 10%
E;. (GeV/nuc)

ddriani, 0. et al (2014). The Astrophysical Journal, 791(2), 93.

= At ~ 10GeV UPAMELA ~ 6.5 and U’t{f“?’ ~ 1.3

HEAOJ T AMS02 .
Yoann Génolini
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Example of the boron to carbon ratio

Experimental data :

§ HEAO3 1980
o PAMELA 2008
§  AMS02 2016

(=}
=
« U
=
Qo
<
m

1071 100 10! 10%
E;. (GeV/nuc)

dguilar, M. et al (2016). Physical Review Letters, 117(23), 231102.

UHEAOS ~1.3

— At ~ 10GeV UPAMELA ~ 6.5 and —iL7aos

HEAOJ T AMS02 .
Yoann Génolini
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Example of the boron to carbon ratio
Secondary/primary ratio in a 1D geometry :

%(Ek) = ocoB/ {Udiﬁ—l-UB}-

When : op <<¢ @ x R
Jc

: i :
Using the all energy range 73 can be used to constrain :
c

® b
V., K=KyR°, D, L
Yoann Génolini
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Example of the boron to carbon ratio

15t This determination is model dependent..

Example : boron may not be a pure secondary species.

» Confinement inside a SNR at TeV/nuc :

_o nism  Tsnr

X ~0.17 g.
B & o3 2108 yT

» Galactic diffusion at TeV/nuc :

- 2

Xpiff =12 g cm™

Yoann Génolini

= ~ 10% of the boron may be “primary” !
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Example of the boron to carbon ratio

15¢ This determination is model dependent..

Example : boron may not be a pure secondary species.

Well motivated in litterature :

-Blasi, P. (2009). Origin of the positron emzcess in cosmic rays.
Physical Review Letters, 103(5), 051104.

-Blasi, P., & Serpico, P. D. (200 eﬁy antiprotons from old
supernova remnants. Physical o s, 103(8), 081103.
-Mertsch, P., & Sarkar, S.

PAMELA positron excess with
103(8), 081104.

ting astrophysical models for the
smic ray nuclei. Physical review letters,

-Tomassetti, N., & Donato, F. (2012). Secondary cosmic-ray nuclei from
supernova remnants and constraints on the propagation parameters.
Astronomy & Astrophysics, 544, Al16.

-Mertsch, P., & Sarkar, S. (2014). AMS-02 data confront acceleration of
cosmic ray seg@ndaries in nearby sources. Physical Review D, 90(6),
061301.

= Used to explain anti particle excess ! Yoann Génolini
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Example of the boron to carbon ratio

Parametric study in

Genolini, Y., Putze, 4., Salatt, P., & Serpico, P. D. (2015).
Theoretical uncertainties in exiracting cosmic-ray diffusion parameters:
the boron-to-carbon ratio. Astronomy & Astrophysics, 580, 49.

19

@
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-4

Primary abondance rati

=-Scan over % with preliminary AMSO02 data.
=Few percent of contamination of primary boron — 30% uncertainty on delta!

Yoann Génolini
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Example of the boron to carbon ratio

274 This determination relies on very unprecise data.

@(Ek) = Z O_b—ﬂ—’ { dlﬁ }
Zy2Zc

Genolane, Y. et al (2015). Astronomy

Galstrophysics, 580, A9.

1 10
kinetic energy (GeV/nucleon)

Tomassetti, N. (2015). Physical
Review C, 92(4), 045808. Secondaries (2)

25



Example of the boron to carbon ratio

Parametric study in

Genolini, Y. et al (2015). Astronomy & Astrophysics, 580, 49.

ol
YRR

Relative change
Relative change [%]

-40 -30 -20 -10 0 10 20
Re-s g of both o,(,) and o

-30 -20 -10 0 10
Anticorrelated re-scaling of o,(\) and ay,_,

Zma.’z:
JIB Tb diff
—(Bx) = E Ob—B /4o aF
- Jc 7> 76 Jc { }

=10-20% of variation of the XS leads to 10-20% uncertainty on delta!
Note : Workshop @CERN XSCRC https ://indico.cern.ch/event/563277 /ti{A¥s Baglini

26



Impact on dark m

Yoann Génolini
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Indirect dark matter searches

The Principle :

Yoann Génolini
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Indirect dark matter searches

The Principle :

DM signal

= A fair evaluation of the atrophysical background is
needed !

Yoann Génolini
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Refreshing the astrophysical background

Case of secondary antiprotons :

p, He  — Sl S e S

$ PAMELA 2012
§  AMS-022015

sxegacegegels ¢ *

— Fiducial

5 10 50 100
Kinetic energy T [GeV]

Giesen, G., Boudaud, M., Génolint, Y., Poulin, V., Cirelli, M., Salatz,
P., § Serpico, P. D. (2015). JCAP, 2015(09), 023.  Yoann Génolini
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Refreshing the astrophysical background

Equation of propagation in steady state :

8.(Vep) — KAY + 8p{b'°**(E)y — D(E)0py} = Q
With : Q(wp,sze,

» Propagation unc ;
—> Maurin, D., Domato, E-, Taillet, R., & Salati, P. (2001). The
Astrophysical Journal, 555(2), 585.

» Primary fluxes uncertainties :
— Aguilar, M. et al (2015). 114(17), 171103.

—> Di Mageo, M., Donato, F., Goudelis, 4., & Serpico, P. D. (2014).
Physical Review D, 90(8), 085017.

Yoann Génolini
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Refreshing the astrophysical background

Case of secondary antiprotons :

p, He  — Sl S e S

$ PAMELA 2012
§  AMS-022015

sxegacegegels ¢ *

— Fiducial

5 10 50 100
Kinetic energy T [GeV]

Giesen, G., Boudaud, M., Génolint, Y., Poulin, V., Cirelli, M., Salatz,
P., § Serpico, P. D. (2015). JCAP, 2015(09), 023.  Yoann Génolini
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Refreshing the astrophysical background

Case of secondary antiprotons :

p, He  — Sl S e S

¢ PAMELA 2012
¢ AMS-022015

— Fiducial
Uncertainty from: Cross-sections
Propagation
Primary slopes
Solar modulation

5 10 50 100
Kinetic energy T [GeV]

Giesen, G., Boudaud, M., Génolint, Y., Poulin, V., Cirelli, M., Salatz,
P., § Serpico, P. D. (2015). JCAP, 2015(09), 023.  Yoann Génolini
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Refreshing the astrophysical background

Case of secondary antiprotons :

p, He  — Sl S e S

¢ PAMELA 2012
¢ AMS-022015

B8 real tension!

— Fiducial

Uncertainty from: Cross-sections
Propagation
Primary slopes
Solar modulation

5 10 50 100
Kinetic energy T [GeV]

Giesen, G., Boudaud, M., Génolint, Y., Poulin, V., Cirelli, M., Salatz,
P., § Serpico, P. D. (2015). JCAP, 2015(09), 023.  Yoann Génolini
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Refreshing the astrophysical background

Case of secondary antiprotons :

p, He  —— Sl e

. 10 10
Kinetic Energy [GeV]

Yoann Génolini
Evoli, C., Gaggero, D., & Grasso, D. (2015). Secondary antiprotons as a

Galactic Dark Matter probe. JCAP, 2015(12), 039. 33



Refreshing the astrophysical background
Case of secondary antiprotons :

p, He  — Sl S e S

S EEAREARE

22+

AMS-02 fip data

.- BJC best fit in sample
Pip best fit in sample
propagation uncertainties

nuclear uncertainties

10°
T [GeVin]

Kappl, R., Reinert, A., & Winkler, M. W. (2015). AMS-02 antiprotons
® reloaded. JCAP, 2015(10), 034.

Yoann Génolini

34



Refreshing the astrophysical background

Case of secondary antiprotons :
p,He — ISM — p+..

Annihilation constraints from p / p Astrophysical uncertainties on the constraints

XY bb

S
5
=

k)

£
]
b
&
@
2
<]
S

lo profiles
ropagation parameters

, ary
100 1000 10000 10 1000 10000
DM mass mpy [GeV] DM mass mpy [GeV]

Giesen, G., Boudaud, M., Génolini, Y., Poulin, V., Cirelli, M., Salati,
P8 Serpico, P. D. (2015). JCAP, 2015(09), 023.

Yoann Génolini
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Impact 1in positrons searches

Current status

Pulsars

c
o
=
o
(]
S
=
c
o
]
=
1]
=]
o

600 800 1000
e* energy [GeV]

_ Pulsar or DM ?

Yoann Génolini
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Typical fits of the positron fraction:

g secondary
— (I)e+ +

Dark matter
Pulsar explanation ? explanation ?

Geminga

Fit of { /W0, 7} Fit of {< ov >, m,}
Boudaud, M., Aupetit, S., Caroff, S., Putze, A., Belanger, G., Genolinz,
Y. et al. Astronomy & Astrophysics, 575, A67. Yoann Génolini
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Motivations of:

Boudaud, M., Bueno, E. F., Caroff, S., Genolini, Y.,

tmplications in the light of precision measurements.

>

\{

\4

\4

\4

Poulin et al

(2016). The pinching method for Galactic cosmic ray postitrons:

A valid model should reproduce all the data

Low energy data are of really good quality

arXiv:1612.03924.

Low energy positron sh e dominated by secondary

particle

Prejudige of the high energy excess

Astrophysical uncertainties in the model

Yoann Génolini
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Positrons energy losses

Yoann Génolini
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Positrons

energy losses

Yoann Génolini
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Positrons propagation in the Galaxy

Ve 0. [sign(2)] ¥ — K(E)Ad
+ Og[bhalo(E)Y]
+2hd(2)

)1 — D(E) 0gt] = Q(E, ¥)

Yoann Génolini
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Positrons energy losses

Above 10 GeV halo energy losses dominate :
_K(E)Aw + 8E[bhalO<E) ¢] = Q(E, f):
where bhalo = bIC + bsync-
Below 10 GeV disc energy losses become important :

Vo 0. [sign(2)] ¥ — K(E)Ad
+ Og[bhato(£)1]

+2h6(2) Op [baise(E) ¢ — D(E) 0p¢] = Q(E, T)

where bdisc = bcoul SE bbrem = bioni I badia-

Yoann Génolini
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Positrons energy losses

Above 10 GeV halo energy losses dominate :
_K(E)Aw + 8E[bhaIO<E) ¢] — Q(E, f):

where bhalo = bIC + bsync-

Below 10 GeV disc energy losses become important :

Ve .[sign(2)] 1 — K (B) At
+0g[Phalo(£)]
+2h6(2) O [byiec(B) ¥ — D(E) 9gy] = Q(E, 7)

where bdisc = bcoul + bbrem + bioni + badia + bhalo'

- b >> bhalo

halo

Yoann Génolini

42



Positron propagation in the Galaxy

Ve 0:[sign(2)] ¢ — K(E)Ay
+2h6(2) Op [Paise(E) ¥ — D(E) 9p¢] = Q(E, 7)

s

Yoann Génolini
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Positron propagation in the Galaxy

0:[sign(2)] ¥ — Ay

Parameters to be determined :

Maurin, D., Donato, F., Taillet, R., & Salati, P. (2001). The

Astrophysical Journal, 555(2), 585.
Yoann Génolini
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Constraints on propagation

Example of model
Examples of model Z,
Region Z, £ 3

Excluded region
AMSO02 data

10 100
Positron Energy E [GeV]

Yoann Génolini
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Survival models

10
Positron Energy E [GeV]

D i

¢ ¢ AMS02 data

Yoann Génolini
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Two cases for dark matter annihilation

> : DM annihiliation into a general final state :
(0
s
XX — SbsTian R 1
W+W-

b
-

» Case 2 : DM annihiliation into leptonic final state
through light scalar ¢ :

ete™
xx — ¢ — phpm dubi=1
- Tt

4 free parameters |

enolini
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Analysis method
We scan on the DM mass in the range [100GeV,1TeV].

+30 830MV
my, — § +00 724MV ~ — propagation parameters
—30 647TMV

Ghelfi, 4., Barao, F., Derome, 'n‘in, D. (2016). Non-parametric
determination of H and He imtes ar fluzes from cosmic-ray data.

Astronomy & Astrophysics, 591, 49.

For each We adjust ( )
-

Yoann Génolini
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Best

: Best fit
DM annihilation into ete™, ptp~, 77—, WTW~—, bb

Secondary component
ete

whe

bb

Primary component
Total

AMS02 data

1

10
Positron Energy E [GeV]

—100/66 = 1.5

Yoann Génolini
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Case 2

DM annihilation into ¢¢ — (ete™, ptpu=, 7777)

Secondary component

component

AMS02 data

1 10
Positron Energy E [GeV]

Best = 1231/68 = 18

Yoann Génolini
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1c production

Yoann Génolini
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The proton

¢ ¢ CREAM 2005
¢ & AMS 2015
10° 10°
Kinetic Energy Ek [GeV]

Beautiful power law over many decades — ¢ oc E/7 . Yoann Génolini




The proton flux

$- ¢ CREAM 2005

¢ ¢ AMS 2015

10° 10° 10°
Kinetic Energy Ek [GeV]

Yoann Génolini




One question would be. .

May a particular configuration of the sources explain break
features ?

—— Fiducial
¢ ¢ CREAM 2005
¢ ¢ AMS 2015

10?2 10
Kinetic Energy Ek [GeV]

Yoann Génolini
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The Pure diffusive regime

= Time independent equation !

Yoann Génolini
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The Pure diffusive regime

= Time independent equation !

= Continuous productio’ce‘and time!

Yoann Génolini
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The Pure diffusive regime

= Time independent equation !

Cw

Qr,t) =30 g d(ri—r) 5(t; —t)

= Continuous produ ce and time!

Yoann Génolini
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The Pure diffusive regime

- V.. (KV,V) =[0G
= Time independent equation !

= Continuous production in space and time!

Q(r,t) = Y5 GHAeET) (¢, — t)

Q1)) = (X @ 8(rs — ) 3(t: — 1))

Yoann Génolini
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The Pure diffusive regime

- V.. (KV,V) =[0G
= Time independent equation !

= Continuous production in space and time!

Q(r,t) = Y5 GHAeET) (¢, — t)

(Q(r,1)) = gy ©(h = |2]) ©(Rgar — 7)

Yoann Génolini
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The Pure diffusive regime

VMw = 2 h mR?
v &~ 3 SNs/century

Yoann Génolini
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sources are discrete in space and time!

%)
B
>
o
3
o

. — Stochastic behaviour!

Yoann Génolini
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One question would be. .

May a particular configuration of the sources explain break
features ?

—— Fiducial
¢ ¢ CREAM 2005
¢ ¢ AMS 2015

10?2 10
Kinetic Energy Ek [GeV]

Yoann Génolini
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Statistical treatment of the flux

The flux from N sources writes :
N
T=> "% = (I)=> ()=N (¥
= ;

One can expect to compute () from p(¢) :

() = joﬁw b p(t)

With :
p() = / D(rs,ts) dr, dt, (2)
v, N——
Normalized distribution in space
o and time for one source
Integration over the domain of space and time that gives a
flux between 1) and v + du. Yoann Génolini
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To measure ) from one source

p(y) = ’ D(rs, t,) dr, di, ©)

Vy : domain of space and time
that gives a flux between v

Vz/, a +dv.
ace equation in pure

diffusive regime :

2
¥ = (47rlgt)3/2 &0 (4TKt)

D(rg,ts) can assume two
limiting behaviours, or !
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Variance of the total flux

V=)0 = p) = PW)

Central limit theorem ?

(¥)?

og = (%) — (TSR (1)*) — .

2 [1/}1/3] e O 3D
/ v p d'@ZJ OC{[¢2/3]cte_oo 2D
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But actually the pdf exists!

Generalised central limit theorem ?

The heavy tail behaviour conditioned the limit !

V>0, C) = /w p@) d = lm Y*C() =5 > 0

PY—r00

For N sufhiciently large :

P(T) — S[Oﬁ,o; 1 (‘1’ g <\P>)

ON ON
With : « " and ( Ll )1/‘1
o= ON =
4/3 2D M\ 20 (a) sin (a 7/2)
.

Yoann Génolini

62



But actually the pdf exists!

on =1, a=5/3 3D, a =4/3 — 2D

0.100

0.001 |

1074

= So one can define

confidence intervals, pvalues...
Yoann Génolini
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Simulation check
For example at 1TeV :

Simulation generated of galaxies.
Transition from the 2D to the regime !

ﬁGenoZini,.Y., Salati, P., Serpico, P., & Taillet, R. (2016). Stable
laws and cosmic ray physics. arXiv preprint arXiv:1610.02010.
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On the form of p(v))

The diffusive propagator is not causal for some region in space
and time...

> reevaluation of

p(¥) = / D(rs, ts) drg di,
Vcausal

. o { 513 for S,

o~ for.¢>¢c

Shall we use the central limit theorem ?... if . is very large.
Simulations™ Stable law is a very good approximation till 10TeV !

Yoann Génolini
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Application of the theory!

May a particular configuration of the sources explain break
features ?

—— Fiducial
¢ ¢ CREAM 2005
¢ ¢ AMS 2015

10?2 10 104
Kinetic Energy Ek [GeV]
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Probability of such an excess

We compute an upper value of the probability that a
particular configuration of the sources gives a flux ¥
at 12.8TeV :

o0 400
e — / . /0 dellabemlil) (y:n| Model),

\I/ezp

Example for the benchmﬂmodels :

Models MIN MED MAX
Probabilities(Stable law 4/3) 0.031 0.0082 0.0013
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A theory of stochasticity for CRs

PAMELA AMS02
50GeV 1TeV 50GeV 1TeV
p¥>MWy+30) | p(P>W)+30) || p(¥>F)+30) | p(¥>(¥)+30)

p¥<¥)-30) | p(Y<(¥)-30) || p(¥ <(¥)-30) | p(¥ <(¥)-30)

0.014 0.12

<10°° 0.0025
0.009 0.0018 X 0.016

<107 <10°° <107°
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L

Conclusion & Prospects
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Conclusion & Prospects

= Great time for CRs physics !

= Propagation should be treated with care : need of new XS
measurements

= Low energy positrons areﬁull to constrain propagation
= Till now : no hints of DM in cosmic rays antiparticles
= Refined predictions are needed

= Plenty of problems to address in CR physics.
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