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All-lepton Spectrum  

Δttravel ≈
1

b0Eobs
∼ 105 yr
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Positron origin
p + X /γ → π±

0 + Y
π± → μ± + νμ

μ± → e± + ν̄e

Secondary production ruled by 
the protons’ and nuclei’s flux

• The  propagation  paradigm  has  to 
be changed? 

    (P.Lipari - Phys. Rev. D 99, 043005)

• Additional  source(s)  for  primary 
positrons? (antimatter factories)
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Positron origin
p + X /γ → π±

0 + Y
π± → μ± + νμ

μ± → e± + ν̄e

Secondary production ruled by 
the protons’ and nuclei’s flux

• The  propagation  paradigm  has  to 
be changed? 

    (P.Lipari - Phys. Rev. D 99, 043005)

• Additional  source(s)  for  primary 
positrons? (antimatter factories)

Pulsars?

Rotating neutron stars
with large B-field: 
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Observations
Direct

• Rotation period

• Variation of rotation period

Derived

• Characteristic age 

• Rate of energy loss

Model dependent (MD)

• Surface B-field 

·P > 0

τch = P / (n − 1) ·P
·Erot = IΩ ·Ω

Bsurf = 3.2 ⋅ 1019 P ·P [G]

P

Slows down

D
. L

or
im

er
 - 

M
. K

ra
m

er
 - 

H
an

db
oo

k 
of

 p
ul

sa
r a

st
ro

no
m

y

5



Injection in the ISM
·Ω(t) = − κ0 Ωn

⇒ ·Erot(t) = IΩ ·Ω ≡ L(t) =
η± L0

(1 + t
τ0 )

n + 1
n − 1

Decaying-luminosity 
function 

braking-index

(model independent)
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Injection in the ISM
·Ω(t) = − κ0 Ωn

⇒ ·Erot(t) = IΩ ·Ω ≡ L(t) =
η± L0

(1 + t
τ0 )

n + 1
n − 1

Decaying-luminosity 
function 

braking-index

(model independent)

6

t/τ0

t/τ0 ≫ 1

L(t) → η±L0 (1 −
n + 1
n − 1

t
τ0 )L(t) → L0 ⋅ δ(t − trel)

burst-like injection constant-luminosity injection

t/τ0 ≪ 1

Based on the        ratio
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increasing age

Eobs ≈
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b0 tage

Age Distance
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Studying the general       solutionL(t)

Q = S(E) L(t) δ(r)

∼ 106 yr
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Abeysekara et al. Science Vol. 358, Issue 6365 TeV     from           TeV      (IC)           ∼ 100 e±∼ 20 γ

Evidence for high-energy      from Geminga and Monogem e±

• Contribution to the local flux under debate
(see Di Mauro et al. astro-ph/1903.05647)

• Theoretical prediction of broken(?) power-law injection 

Γ ∈ [1,2] E ≲ 300
Γ > 2 E > 300

(see Blasi-Amato astro-ph/1007.4745)

8

High-energy     spectrume+

GeV
GeV

• Evidence for high confinement region

(see Profumo et al. astro-ph/1803.09731)
(see Johannesson et al. astro-ph/1903.05509)
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Evidence for high-energy      from Geminga and Monogem e±
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High-energy     spectrume+

GeV
GeV

High-energy spectrum 
(         GeV)E > 40

One dominant nearby source with an 
injection feature (cutoff or break)

peak e
nergy of th

e

positro
n flux

• Evidence for high confinement region

(see Profumo et al. astro-ph/1803.09731)
(see Johannesson et al. astro-ph/1903.05509)
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Bayesian fit to e+ + e− 1
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Bayesian fit to e+ + e− 2
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Bayesian fit to e+ + e− 2



Could this source be closer??

4 observed + 1 hidden SNR

Monogem Ring (~ 300 pc)
(uncertain SNR)

Not according to our 
propagation model

δ = 0.45

D0 = 1.98 ⋅ 1024 m /s  @ 1 GeV2
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Bayesian fit to e+ + e−



Could this source be closer??

4 observed + 1 hidden SNR

Monogem Ring (~ 300 pc)
(uncertain SNR)

Not according to our 
propagation model

δ = 0.45

D0 = 1.98 ⋅ 1024 m /s  @ 1 GeV2

Note: it’s possible with different propagation parameters…
(see Recchia-Gabici Phys. Rev. D 99, 103022)

101 102 103 104

Ek [GeV]

100

101

102

E
k
3 ·J

(E
)[

G
eV

2
m

�
2

s�
1

sr
�

1 ]

DRAGON sec e+

DRAGON pri + sec e�

DRAGON extra

Pulsar-contribution fit

Vela fit

Cygnus Loop fit

Simeis-147 fit

IC-443 fit

Hidden SNR

Sum

CALET 2018 (+syst) [e++e�]

AMS 2014 (+syst) [e++e�]

HESS 2017 (no syst) [e++e�]

HESS 2017 (syst) [e++e�]

~ 1.2 kpc

13

Bayesian fit to e+ + e−



• The  standard  propagation  model  presents  some  tension  in 
lepton data

• The  invoked  pulsar  emission  mechanisms  are  not  clearly 
understood  and  several  scenarios  are  investigated  to  fit  the 
positron flux

• The  observed  SNRs  do  not  reproduce  the  ~  1  TeV  feature  in 
the all-lepton flux

• A  shell  around  the  Earth  is  identified  to  search  for  a  hidden 
source.

To sum up…

14
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To sum up…

Thanks for listening!
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− ⃗∇ ⋅ (D ⃗∇ N + ⃗v wNi) +
∂

∂p [p2Dpp
∂

∂p ( Ni

p2 )] −
∂

∂p [ ·pNi −
p
3 ( ⃗∇ ⋅ ⃗v w) Ni] =

Qsource + ∑
i<j (cβngasσj→i +

1
γτj→i ) Nj − (cβngasσi +

1
γτi ) Ni

Standard propagation model

Spallation:
secondary production

Decay: 
secondary production 

Diffusion Advection Losses
Lorentz 

tranformationRe-acceleration



MC-based extra-component
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tage = 2 ⋅ 106 − 108 yr

Etot = 1047 − 1049 erg
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Implications of the MD model
The bulk of the energy is released by the 

pulsar via magnetic-dipole emission
Hypothesis

dErot

dt
= −

dErad

dt
⇒ IΩ ·Ω = −

B2R6Ω4

6c3
⇒

·Ω = − κ0,MDΩ3⇒ [κ0,MD] ≡ [ B2R6

6Ic3 ] = [t]

n = 3
characteristic  of  the  MD 
emission. 
It is observed    1 < n < 2.4

L(t) =
η±L0

(1 + t
τ0,MD )

2 [τ0,MD] ≡ [ 3Ic3

B2R6Ω2
0 ] = [t]

• For nominal (n=3) ATNF pulsars t/τ0,MD ≪ 1 Constant injection

- n < 3 (observed)
- fit of data (Aharonian & Atoyan 1995)

t/τ0,MD ≫ 1 Burst-like injection• But
?



E.m. emission from a system 
of charges

Energy transfer per unit surface per unit time
(Poynting vector)

⃗S = c
⃗H 2

4π
̂n

dI = c
⃗H 2

4π
R2

0dΩ⇒

• First order in ∼
| ⃗r′�|

λ
dI =

··d2

4πc3
sin2 θdΩ

θ = ̂⃗d ̂n
⃗d = ∑ e ⃗r′�

{
infinitesimal

surface element 

electric dipole
moment

• Second order in ∼
| ⃗r′�|

λ
dI = +

··m2

4πc3
sin2 θdΩ

electric 
quadrupole

term( (

electric dipole emission

magnetic dipole emission

⃗m =
1
2c ∑ e( ⃗r′� × ⃗v ) magnetic dipole

moment

At first approximation we can assume that pulsars have no electric dipole nor 
electric quadrupole!

θ = ̂⃗m ̂n



Particle emission from pulsars

⃗B

• As the star rotates, surface charges (mostly   ) move in 
a magnetic field

and then get extracted from the pulsar.

• Charges follow the field lines:

- Along  the  closed  ones  there  forms  a  current 
(synchrotron  light  is  present  but  not  very  energetic 
as     is weaker than in the polar cap here)

- Along  the  open  ones  charges  escape  into  outer 
regions  (synchrotron  light  is  intense  and  can  get  to 
the Earth) 

This is the observed radio pulse!

•                                       initiating an e.m. cascade, 
                      pair production             up to          .
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⃗E =
⃗F L

q
= ⃗v × ⃗B

e−

e− + γ ⃗B → e− + γ ⃗B + γsync

e+e−

⃗B

∼ 106



Pulsar magnetic-dipole emission

An  observer  here 
sees  the  maximum 
emission from        .⃗m⊥⇒ ·· ⃗m⊥ ≠ 0

• For the dipole to emit, we need    

• For us to see the emission, we need

⃗Ω ∦ ⃗B ⇒ α ≠ 0

This radiation depends on the variation of 
     , which follows the rotation⃗m⊥

νm.d. ∼
1
P

≈
P=1.3s (Bell)

1
s

∼ Hz

is very low energetic and gets absorbed by the surrounding ISM,
                it’s not the observed periodic pulse! 

νm.d.

Eγ ∼ 4 ⋅ 10−15 eV
does not account 

for Bell observation
  of Eγ ∼ 4 ⋅ 10−7 eV

θ ≠ 0

⃗Ω

⃗B
̂n

θ

⃗m
⊥ ̂n

⃗m⊥ sin θ

α

⃗m⊥


