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P.F =
φe+

φe− + φe+

Physical Review Letters 113, 121101 (2014)
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Semi-analytical two-sone model
Propagation parameters

R = 20kpc
hz = 100pc

1 < L < 15kpc
R� = 8.5kpc

Positron transport equation

ψ(E , t, x) =
d4N(E , t, x)

d3xdE

∂tψ − K (E )∆ψ − ∂E [b(E )ψ] = q(E , t, x)

K (E ) = K0β

(
R
R0

)δ
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Propagation parameters

Propagation parameters constrained by the B/C ratio

The next B/C results from AMS-02 will
considerably reduce the parameter
space !
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DM source term

qDM(E , x) =
1
2
< σv >

(
ρ(x)

mχ

)2

g(E )

ρ(x) : DM density (NFW profile) g(E ) =
dN(E )

dE
(MicrOMEGAs)
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Single annihilation channel
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AMS-02 data, published errors
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astrophysical background (MED)
exotic contribution
total

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

Leptons + quark channels

χχ→ B(e)e+e− + B(µ)µ+µ− + B(τ)τ+τ− + B(b)b̄b

What is the best values for the branching ratios ?
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Constraints

4-leptons channels

χχ→ φφ→ 2B(e)e+e− + 2B(µ)µ+µ− + 2B(τ)τ+τ−

What is the best values for the branching ratios ?
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Constraints on dark matter annihilating cross-section 〈σv〉
Gamma-ray (Fermi/LAT, VERITAS, MAGIC, HESS)
CMB (WMAP, PLANCK)
Antiprotons (PAMELA)

Dwarf galaxies Fermi/LAT constraints : arXiv :1501.01618v1

Almost all best fit 〈σv〉 values are excluded (2σ CL) !
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PSR source term
Single pulsar analysis

PSR source term

qPSR(E , t, x) = δ(t − t∗)δ(x− x∗)Q0

(
E
E0

)−γ
exp

(
− E

EC

)
+∞∫
0

dEEQ0

(
E
E0

)−γ
exp

(
− E

EC

)
= fW0

EC ∼ 1TeV

1.5 < γ < 2.5

fW0 < 1054[GeV ]
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PSR source term
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PSRs from the ATNF catalog
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Only few young and nearby PSRs contribute to the positron flux for
E > 10GeV .
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PSR source term
Single pulsar analysis

Single PSR hypothesis

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

YES !
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Five survivors from the ATNF catalog
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Conclusions

The DM scenario cannot both provide a good fit to AMS-02 and avoid
the 2σ constraints from Fermi/LAT.

The single PSR scenario provides good fits to AMS-02 using five PSR
from the ATNF catalog.

Outlook

Use the released positron flux (PRL 113, 121102 (2014)).
Use more realistic energy losses.
Assess the systematics coming from :

propagation parameters
energy losses
spallation cross sections
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Thank you for your attention !
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Simplification for high energy positrons

E > 10GeV

∂tψ +∇ [����VC (z)ψ − K (E )∇ψ] + ∂E [b(E )ψ +����KEE∂Eψ] = q(E , t, x)

∂tψ − K (E )∆ψ − ∂E [b(E )ψ] = q(E , t, x)

Spatial diffusion

K (E ) = K0β

(
R
R0

)δ

Energy losses

b(E ) = −〈dE
dt
〉
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Simplification for high energy positrons

E > 10GeV

τD(E )� τC (E ) and τl(E )� τDR(E )

∂tψ(E , t, x)− K (E )∆ψ(E , t, x)− ∂E [b(E )ψ(E , t, x)] = q(E , t, x)

Boundary conditions

ψ(r = R, z) = 0 ψ(r , z = L) = 0

Positron horizon sphere radius

λ2(E ,ES) = −4
E∫

ES

dE ′
K (E ′)
b(E ′)
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Green functions

Dynamical solution :

ψ(E , t, x) =

+∞∫
0

dtS

+∞∫
E

dES

∫
DH

d3xSGt(E , t, x← ES , tS , xS)q(ES , tS , xS)

Stationary solution :

ψ(E , x) =

+∞∫
E

dES

∫
DH

d3xSG (E , x← ES , xS)q(ES , xS)

Gt(E , t, x← ES , tS , xS) = δ(ES − E∗)b(E∗)G (E , x← ES , xS)

G (E , x← ES , xS) =
1

b(E )πλ2 exp
[
− r2

λ2

]
Ṽ (E , z ← ES , zS)

r2 = (x − xs)2 + (y − ys)2
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Bessel expansions

Stationary solution :

ψ(E , x) =
+∞∑
i=1

+∞∑
n=1

J0

(αi r
R

)
ϕn(z)Pi,n(E )

Pi,n(E ) =
E0τE
E 2

+∞∫
E

dESQi,n(ES)exp[−C̃i,n(λ2)]

C̃i,n(λ2) =

[(nπ
2L

)2
+
(αi

R

)2
]
λ2

4
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P.F =
φth

e+

[φe− + φe+ ]exp

φth
e+

Given by the Green functions and Bessel expansion methods.

[φe− + φe+ ]exp

Borrowed from available measurements.
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Secondary positrons from spallation

qsec
e+ (E , x) = 4π

∑
proj=p,α

∑
target=H,He

ntarg

+∞∫
E0

dEprojφproj(Eprojx)
dσ

dEproj
(Eproj → E )

We need a primary component to explain the positron fraction at HE !
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Dependance on the lepton flux data

Taking into account the new results from AMS-02 for the lepton flux
change radically the results of the analysis !
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UED Dark Matter

χχ→ B(l)
[
e+e− + µ+µ− + τ+τ−

]
+ B(b)bb̄

What is the best values for the branching ratios ?
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Propagation uncertainties
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Systematic uncertainties from the propagation parameters is much larger
than statistical uncertainties from AMS-02 results !
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AMS-02 : 10 years of data

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

NO !
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Propagation uncertainties
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J1745− 3040 for {K0, L, δ} with p > 0.0455

Systematic uncertainties from the propagation parameters is much larger
than statistical uncertainties from AMS-02 results !
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