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Setup of the propagation
model




Standard propagation model

_ _ _ Re-acceleration L Lorentz.
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Spallation: Decay:
secondary production secondary production
Free parameters of the model:
® (Dy,5) in D(E) — - consistent with dedicated analyses

(Q.Yuan et al. - Phys. Rev., D95(8):083007, 2017)

. - compatible with ISM conditions
VA —

- only affecting low-E CRs

° (NO,inj’Finj’pbreak> for CRs



Standard propagation model
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Standard propagation model
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Standard propagation model

DRAGON output: our best fit
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Positron flux



Positron origin
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e The propagation paradigm has to
be changed?

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

e Additional source(s) for primary
positrons? (antimatter factories)
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e Additional source(s) for primary
positrons? (antimatter factories)
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Pulsars?

Rotating neutron stars
with large B-field:

10°

10 > Magnetic-dipole emission?



D. Lorimer - M. Kramer - Handbook of pulsar astronomy
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Slows down
e Rotation period P /
e Variation of rotation period
Derived

e Characteristic age 74, =P/(n—1)P
e Rate of energy loss £, = IQQ

Model dependent (MD)

e Surface B-field B, .=3.2-10"\/PP [G]
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Injection in the ISM

(model independent)

braking-index
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Injection in the ISM

(model independent)
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Low-energy ¢ "spectrum

Studying the general-L(r) solution
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Dec. [deg]

High-energy ¢ "spectrum

Evidence for high-energy e* from Geminga and Monogem

Abeysekara et al. Science Vol. 358, Issue 6365 ~ 20 TeV y from ~ 100 TeV e* (IC)

 Evidence for high-confinement region

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

PSR B0656+7.4 _ . (see Profumo et al. astro-ph/1803.09731)

109

4 =3 =2

(see Johannesson et al. astro-ph/1903.05509)

» Theoretical prediction of broken(?) power-law injection
(see Blasi-Amato astro-ph/1007.4745)
I'e [1,2] E <300 GeV

T | r>?2 E > 300 GeV

-1 0 1 2 3 4 5
Significance [sigmas]
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All-lepton flux
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g\e° Observed SNRs
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Observed SNRs
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Expected SN events @

<l >

Ax,, .~ \/ 4D(E) - 10%yr ~ 6(100) pe

hy., ® 4 KpC

®)
O
v o — %1 kpc I Q\
t \ =C M Rﬁ
< > ~

d ~ 8.5 Kpc

el =

Rates of SN explosions around the solar system from K.Ferriere - Rev. Mod. Phys. 73, 1031
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Expected SN events @

+1 kpc
Mevens [kpe=2 - Myr1] = [ (A0 + AO)

If:
e uniform rate inside the disk of radius r = 1 kpc
~5-10°yr

e constant rate over the age of the oldest SN accelerating CRs, Lyge

16



Expected SN events @

+1 kpc

Hevents [kpC - Myr _1] — [ ( géiga(Z) + gé (Z) )
—1 kpc

If:
e uniform rate inside the disk of radius r = 1 kpc

e constant rate over the age of the oldest SN accelerating CRs, ¢,,. ~ 5 - 10° yr

) age

= Noens = Hovents * A1 Lge & 2.2 ~ O(1 — 10)
e/
\

We already see
some of them

We consider the lowest possible number of hidden sources

(Recchia-Gabici Phys. Rev. D 99, 103022)
16
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Could this source
be closer??
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Bayesian fitto e™ + ¢~

4 observed + 1 hidden SNR

1 -
=y

DRAGON sec e
DRAGON pri + sec €'
DRAGON extra

Pulsar-contribution fit

FI|—I
o
n
—
%)
AN
—'E —-— Vela fit
—+— Cygnus Loop fit

>
O —-— Simeis-147 fit
0] —-— 1C-443 fit
= 10 —— Hidden SNR
L\LI/ Sum
c:'oa e CALET 2018 (4syst) [eT+€' ]
it e AMS 2014 (+syst) [eT+e' ]

e HESS 2017 (no syst) [et+e']

HESS 2017 (syst) [e*+e' ]
./ -
/
/
/
/
10+
10t

Could this source be closer??
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Monogem Ring (~ 300 pc)
(uncertain SNR)

J

Not according to our
propagation model

5 =045
D,=1.98-10**m?/s @ 1 GeV
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Bayesian fitto e™ + ¢~
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Note: it’s

D,=1.98-10**m?/s @ 1 GeV

possible with different propagation parameters...

(see Recchia-Gabici Phys. Rev. D 99, 103022)
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CRE dipole anisotropy
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To sum up...

« 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

e A shell around the Earth is identified to search for a hidden source.
This source is compatible with Fermi-LAT upper limits on anisotropy.
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To sum up...

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.
This source is compatible with Fermi-LAT upper limits on anisotropy.

Future prospects

Implement a physical 7, sz at SN shocks

exclude sources such that z,,. <t snr

Implement a correct estimation of the contribution from Vela SNR

Test the hidden SNR with recent observed proton flux.

21



To sum up...

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 itron flux

The observed SNRs do not reproduce ** cature in the all-
lepton flux

e A shell around the Earth °
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Typical attempts of pulsar
explanation
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70
For MD-emission model: 4 = | —5—| =
or MD-emission model: 7, yp = BRE = [t]

- With ATNF parameters = 1, /75up = 0.3 (strangely large precision) % ’
’ @

— > there could be a loop in the measured considered quantities! P\

I ty/tomp ® 0.3 = L(t) — n7Ly+ O(t,,/7,)

- But the burst-like emission is typically considered...



Possible iInconsistencies In
the MD-emission model
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Implications of the MD model

Hypothesis R The bulk of the energy is released by the
pulsar via magnetic-dipole emission
dE dE . B*R°Q*
rot _ _ rad = JOO — — N
dt dt 6¢3
267
— K = = |7
\ Koup] = | | =1
n=73 ) )
characteristic of the MD
emission.
It is observed 1 <n <24
niLO i 3 ]
L(t) = > [ ! 3lc -
T, — —
|::> [t 0,MD B2R2
T0,MD - -
 For nominal (n=3) ATNF pulsars — t/TO,MD <1 I::> Constant injection
()
e But N < 3 (observed) — t/TO,MD > 1 I::> Burst-like injection

fit of data (Aharonian & Atoyan 1995)



E.m. emission from a system
of charges

. H?_
Energy transfer per unit surface per unit time S5 =c——n
. - 4z
(Poynting vector) =
= dl=c—R;dQ
4w ——
infinitesimal
electric dipole emission —~ surface element
1 771 d? , 0= dn
e First orderin ~ — dl = sin“ OdL2 N .y
3 _ =/ electric dipole
drc d = Z er moment
magnetic dipole emission
| 71 electric 5 0 = mhn
e Second order in ~ (quadrupole) + s1n 0dQ
A term

] .
— -, ., — Mmagnetic dipole
m = 2_C Z e(r'x v) moment

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



Particle emission from pulsars
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open lines = causal decoupling

=P High voltage w.r.t. infinity

e As the star rotates, surface charges (mostlye™) move in
a magnetic field

—> E =

L

q
and then get extracted from the pulsar.

VX B

e Charges follow the field lines:

- Along the closed ones there forms a current
(synchrotron light is present but not very energetic
as B 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!

® ¢ +yp— e +yg+Vy Initiating an e.m. cascade,

=P pair production up to ~ 10°.




Pulsar magnetic-dipole emission
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For the dipole to emit, we need

An observer here
sees the maxi_ngum
emission from n1 | .

S_Q)HE):}a;éO

= i, #0

® For us to see the emission, we need

0 +0
1 1 H
This radiation depends on the variation of ::> bim.d. ™ P P=13s (Bell) s z

m | , which follows the rotation does not account
for Bell observation
of E,~4-107"eV

Um.d. 1S very low energetic and gets absorbed by the surrounding ISM,
=P it’s not the observed periodic pulse!



Accounted SNRs

tage [y | d [pc] | rdir 1 Tev [PC] | it 10 Tev [pC] | ~9tiTeY | [dil.l0Tev
Vela Jr 25410° | 2142 1.08 4107 1.82410° 0.51 0.85
Vela 1.23410% | 25092 | 2.6941C7 4.52 8107 1.07 1.80
Cygnus L 8410° | 44982 | 2.1741C¢? 3.644107 0.48 0.80
Simeis-147 | 4410 918 4.85810° 8.14 4107 0.52 0.89
IC-443 3410 918 4208107 7.05410° 0.46 0.77

Table 4 : The nominal ages and distances of the bve closest observed SNRs are listed. Theudiive
distances are also shown for particles of 1 TeV and 10 TeV, in order to have a clear look on the
sources that can contribute to the multi-TeV lepton Bux. For a comparison with the loss-properties,
Moss1Tev ! 1.15810° pc and rigss10 Tev ! 6.134107 pc. From the numbers, Vela seems the one that
can contribute the most to the e* + € RBux.



