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AMS-02 Collaboration - PRL 113,121101(2014)

AMS-02 measured the positron fraction (PF) with an unprecendent high accuracy
from 0.5 up to 500 GeV.

PF(E) =
φe+(E)

φe−(E) + φe+(E)

The data confirm the ’positron anomaly’.
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What is the positron anomaly?

Mathieu Boudaud LAPTh - Annecy, France A new look at the cosmic ray positron fraction





Astrophysical secondary positrons background CR propagation model

Two-zone model and semi-analytic method

1 < L < 15 kpc

K(E) = K0 β

(
R

R0

)δ
~Vc = Vc sign(z)~ez

KEE(E) =
2

9
Va

2 E
2β2

K(E)

Cosmic rays transport equation

∂tψ −K(E)∇2ψ + ∂z [Vc sign(z)ψ] + ∂E [b(E, ~x)ψ −KEE(E, ~x)∂Eψ] = Q(E, t, ~x)

Q(E, t, ~x) = Qsource(E, t, ~x)−Qsink(E, ~x)

⇒
(Maurin et al. 2001)
(Donato et al. 2003)
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Astrophysical secondary positrons background CR propagation model

Two-zone model and semi-analytic method
HE positrons Ee+ ≥ 10GeV

1 < L < 15 kpc

K(E) = K0 β

(
R

R0

)δ

HE e+ transport equation

∂tψ −K(E)∇2ψ + ∂E [b(E)ψ] = Qe+ (E, t, ~x)

(Maurin et al. 2001)
(Donato et al. 2003)

⇒
(Lavalle et al. 2014)
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Astrophysical secondary positrons background Positron anomaly

Qsec
e+

(E, ~x) = 4π
∑
i=p,α

∑
j=H,He

nj

+∞∫
E0

dEiφi(Ei, ~x)
dσ

dEi
(Ej → E)

{
i = projectile

j = target

PF =
φth
e+

(φe− + φe+ )exp

(φe− + φe+ )exp : AMS-02 data

(PRL 113,221102(2014))

This is the positron anomaly !

We need another component to explain the data !
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The Dark Matter scenario

The Dark Matter scenario
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The Dark Matter scenario DM source term

The DM source term

QDM
e+

(E, ~x) =

(
ρ(~x)

mχ

)2

︸ ︷︷ ︸
astrophysics

×
1

2

∑
i

< σv >i
dN(E)

dE︸ ︷︷ ︸
particle physics

ρ(~x): DM density profile

NFW

dN(E)

dE
: e+ spectrum at source

MicrOMEGAs_3.6

2 free parameters:

mχ: DM mass < σv >i: average annihilation cross-section

Scan over mχ and < σv >i to fit the AMS-02 data using MINUIT C++ package.
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The Dark Matter scenario Single annihilation channel

Single annihilation channel analysis

e.g χχ→ bb̄→ e+e− + ...
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The Dark Matter scenario Single annihilation channel

Single annihilation channel analysis

e.g χχ→ bb̄→ e+e− + ...

The agreement is excellent for
quark, gauge boson and Higgs
boson pairs.
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The Dark Matter scenario Single annihilation channel

Single annihilation channel analysis

e.g χχ→ φφ→ 2τ+2τ− → 2e+2e− + ...

The agreement is excellent for
quark, gauge boson and Higgs
boson pairs.
Individual annihilation channels
disfavor leptons as the final state.
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The Dark Matter scenario Combination of channels

Channels combination analysis

χχ→ Be e
+e−+Bµ µ

+µ−+Bτ τ
+τ−+Bb b̄b

What is the best values for
the branching ratios Bi?
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The Dark Matter scenario DM constraints

Constraints on dark matter annihilation cross-section 〈σv〉

Gamma rays (Fermi/LAT, VERITAS, MAGIC, HESS)
CMB (WMAP, PLANCK)
Antiprotons (PAMELA)

FERMI data analysis by A. Lopez et al.
arXiv:1501.01618v1

All best fit 〈σv〉 values are excluded at 2σ CL !
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The pulsar scenario

The pulsar scenario
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The pulsar scenario PSR source term

The PSR source term

QPSR
e+

(E, t, ~x) = δ(t− t∗)δ(~x− ~x∗)Q0

(
E

E0

)−γ
exp

(
−
E

EC

)

Total energy released by the pulsar through positrons:

+∞∫
0

dEEQ0

(
E

E0

)−γ
exp

(
−
E

EC

)
= fW0

Free parameters

1.5 < γ < 2.5

fW0 < 1054GeV

Fixed parameter

EC ' 1TeV
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The pulsar scenario The single PSR hypothesis

Observed PSR’s from the
Australian Telescope National Facility catalogue

1e-06

1e-05

1e-04

1e-03

1e-02

1e-01 1e+00 1e+01 1e+02 1e+03 1e+04

P
o

s
it
ro

n
 F

lu
x
 ε

3
.0

φ
s
e
c
 [

c
m

-2
 G

e
V

-1
 s

-1
 s

r-1
]

Positron Energy E [GeV]

7 PSRs Positron Flux

J1745-3040
J1741-2054

Geminga
J1825-0935

Monogem
Vela

J1740-3015

Only few young and nearby PSRs contribute to the positron flux for E ≥ 10 GeV !
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The pulsar scenario The single PSR hypothesis

Demonstrating that the positron fraction data can be explained by a
unique pulsar contribution provides with a valid alternative to the
DM explanation of the positron anomaly.

Since there is only an upper limit on the injection normalisation
fW0, if the single pulsar hypothesis is viable, a combination of
pulsars is capable of reproducing the experimental data.
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The pulsar scenario The single PSR hypothesis

The single PSR hypothesis

Can we explain the positron fraction with the contribution of one single pulsar?

YES !

Mathieu Boudaud LAPTh - Annecy, France A new look at the cosmic ray positron fraction



The pulsar scenario The single PSR hypothesis

The single PSR hypothesis

Can we explain the positron fraction with the contribution of one single pulsar?

YES !

Mathieu Boudaud LAPTh - Annecy, France A new look at the cosmic ray positron fraction



The pulsar scenario The single PSR hypothesis

The 5 survivor PSR’s from the ATNF catalog
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Conclusion and prospects

Conclusion and prospects

The DM scenario cannot both:

provide a good fit of AMS-02 PF data.
avoid the constraints on 〈σv〉 from Fermi/LAT, HESS, PLANCK and
PAMELA p̄.

The single PSR scenario provides good fits to AMS-02 PF data for 5 observed
PSR’s.
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Conclusion and prospects

Conclusion and prospects

Outlook

Constrain the propagation parameters (see Y. Genolini posters)
B/C ratio analysis as soon as the AMS-02 collaboration will release data
Radioactive nuclei analysis

Refine energy losses processes:
Better estimation of the ISRF (IC scattering)
Better estimation of the local galactic magnetic field (synchrotron)

Extend the model below 10 GeV:
Galactic convective wind
Diffusive reacceleration
Interaction with the ISM

Thank you for your attention !
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