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e+ & e- spectra, a natural explanation

e+ and e~ AMS-02 spectra fitked with a nmulti-component model:
secondary production, e~ from SNR, e+ from PWN

DL Mauro, FD, Manconi PRD 2021
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The break at 42 GeV i e- is expt&imed bj ih&er[aiaj between SNR and PWN

See also Fang+ 2007, 18601, Evoli+PRD 2021, Cucco+ PRDRO2O



Stimulation of Galactic pulsar populations:
a ik to AMS-02 e+ data

L. Orusa, S. Manconi, M. Di Mauro, FD JCAT 2021

® Simulation of space distribution and pulsar
properties

® The contribution of pulsars to er is dominant
above 100 GeV

® May have different features

® £>1 TeV: unconstrained by data

® Secondaries forbid evidence of sharp cub-off

® No need for Dark matter, indeed
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d<0.5 kpc --=- PWNe

0.5<d<1.0 kpc —-== Secondary L =4 kpc
---- 1.0<d<3.0 kpc — TOT
---- 3.0<d<5.0 kpc ¥ et AMS-02
---- 5.0<d<10.0 kpc

d<0.5 kpc -—-- PWNe

0.5<d<1.0 kpc —-== Secondary L =4 kpc
---- 1.0<d<3.0 kpc — TOT
---- 3.0<d<5.0 kpc ¥ et AMS-02
---- 5.0<d<10.0 kpc

o
o
o

=
o
N
=
o
N

=
o
&
=
9
w

=
9
IN
=
9
IN

E3d.+ [GeVZ/cm?2/s/sr]
E3®.+ [GeVZ/cm?/s/sr]

=
9
U

1
| 1wt/
Ve Tin




Sinmulations: effect of age and distance

o mock galaxies as selected bv e+ AMS-02 daka

L. Orusa, S. Mawnconi, M. Di Mauro, £D JCATY 2021

d<0.5 kpc -—-- PWNe 20 <T <100 kyr --- PWNe

0.5<d<1.0 kpc —== Secondary L =4 kpc 100 < T <500 kyr —-== Secondary L =4 kpc
---- 1.0<d<3.0 kpc — TOT - 500<T<103kyr — TOT
---- 3.0<d<5.0 kpc ¥ et AMS-02 - 103 <T<10%kyr ¥ et AMS-02
---- 5.0<d<10.0 kpc - 10*<T<10° kyr
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1-3 kpe ring is the most fruitful in terms of er
Interplay bebween spiral arms and propagation length



Few F’u.i.sars suffice to fik AMS data

Very Af@.w ones, indeed

L. Orusa, S. Manconi, M. Di Mauro, FD JCAP 2021

N(E) is the mean number of PWNe that produce a flux higher than the
experimental flux error in at least one energy between above 10 GeV.

Typically 2-3 sources explain most of the measured flux (+ secs)




Secomdarj positrons:
the role of cross sections

Secondaries rely ol a new determination of productions cross section

Orusa, DL Mauro, Korsmeier, FD PRD 2023 Di MAuro, FD, Korsmeier, Manconi;, Orusa PRD20o23
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—_— p-p — CNO — He-He - AAfrag
— He-p = p-He Kamae = Total
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—— L =0.5 kpc —— L =8 kpc

—— L =1kpc — TOA

—— L =2kpc ---- IS

—— L =4kpc $ AMS-02
L =6 kpc

New debermination of cross sections: uncertainties about §% (<¥%).
New secondary e+: depend strongly on L, deficit above ¥ 1 GeV



et pair emission from pulsars

We assume conktinuous E,Mje«t&mm .

Normalized ko

. i dErot L N 2 P
Having: E=—==100=—Ar"l5;.

We can derive a relakion for:




Positrons form catalogued pulsars

L. Orusa, M. Di Mauro, FD, S. Manconi 2024, in preparation

We pick pulsars from the ATNF catalog: position, age, dE/dE
The obther Fu,tsm pamme&ers are simulabed (sce orusa, Manconi, i Mauro, b ICAP 2021)

Propagation in the Galaxy treated according to latest nuclei resulks

(see DL Mauro, FD, Korsmeler, Manconi, Orusa PRD 2023)
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; . . 5 . ropert uantit
ModA: 1o diskribution property | quantity

CB20(36| 70 = 10 kyr

‘ : ‘ Gaussian [0.3s; 0.15s]
MOdB: To "Fbxad Gaussian [12.85G; 0.55G]
Uniform [2.5-3|

4

ModC: detajed emission Lorn [01]
Ty . P L x Uniform [2.0-2.8|

ModD: two-zone diffusion o
Uniform [0.01-0.1]




Catalogqued pulsars: a Lik ko e+ daka

L. Orusa, M. DL Mauro, FD, S. Manconi 2024, in Prepara&iom

d<0.5 kpc -== PWNe d<0.5 kpc --- PWNe
0.5<d<lkpc  --- Secondary L =4 kpc 0.5<d<1kpc  --- Secondaryl =4 kpc
- l<d<3 kpc — TOT - 1<d<3 kpc — TOT

- 3<d kpc ¥ e* AMS-02 ModA - 3<d kpc ¥ e* AMS-02 ModR
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0.5<d<1 kpc -== Sec ary L= 4 0.5<d<1 kpc —--~ Secondary L =4 kpc
- 1<d<3 kpc — ---- 1l<d<3 kpc —_— TOT
- 3<d kpc ¥ S-0 ---- 3<d kpc ¥ et AMS-02
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Exemplary best fits in ModA-B-C-D
Catalogue pulsars & secondaries explain well the data.
Fixed To (ModB) prevents scenarios with one dominant pulsar



% contribution of 10 most relevant
~ ATNF Putsms

L. Orusa, M. DL Mauro, FD, S. Manconi 2024, in Prepara&mn
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Flux intensity ratio of a PWN within the 10 most relevank ATNF
pulsars averaged on all the simulationgfit.



% to ktobal PWNe flux of 10
most powerful pulsars vs energy

L. Orusa, M. DL Mauro, FD, S. Mancont 2024, in praparo&éov\
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—— Tg distrib
--- Tq fixed
—-= Delayed injection
Two zone

As previous histograms, but as a function of energy
ModA, with To in a distribution, allows high freedom to
sources to readjust their contribution wrt AMS data



Fluxes from ATNF pulsars - two examples

L. Orusa, M. DL Mauro, FD, S. Mancohi 2024, i Frepma&iom

ModA . ModB

Secondary L =4 kpc Secondary L =4 kpc

e* AMS-02 : e* AMS-02
Residual PWN { Retidual PWN
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Emission models and parameters are very relevant.
Some models are Fredi&ﬁva also above TeV,
Secondaries are allowed with a free normalization
(always found < 1.5, typically around 1)



Mulki-wavelength analysis of sources

Geminga'’s pulsar halo: an X-ray view
| S. Manconi FD+ AA024

A Y-ray halo has been observed in HAWC and Fermi-LAT data.
Interpreted as et cooling by inverse-Compton scattering.

The same et emit synchrotron radiation and for a similar X-ray halo
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—— XMM-Newton (this work)
NuSTAR (this work)
Fermi-LAT

HESS 4 We use archival data i

HAWC

o s, S 7 ~ XMM Newbown and NUSTAR.

IC, 1 deg
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AN upper bound on the magnetic
fleld around the pulsar
ts sebt to 2 u&
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C.Qnttusmms

We builk a consistent frame - sources, emission, propagation models -
| for the flux of e+ reaching Earth

Secondaries from nuclear reactions have been updated

Pulsars are from ATNF catalog: position, age, E_dot.
Okher emission parame&ers are simulakted

Secondaries + catalog pulsars give an excellent fit to AMS-02, with few
recurring pulsars dominating the spectrum

The emission model is very relevant for intensity and shape of the flux



Debected e+ and e~ are local

E D(E’
,\2(E,Es):4/5dE’ (E')

i et | Typical propagation length in the Galaxy

Mawnconi, Di Mauro, FD JCAP 2017

Ei=1 GeV
E=10 GeV
E=100 GeV
E=1000 GeV
E,=10000 GeV

Sources of e+ & e- in the Galaxy

o Inelastic hadronic collisions (as-jmm.)

K15 propagation model . ;
K, =0.0967 kpc?/Myr e Pulsar wind Mf?.bu.i.ﬁe (?WN) (SvMM.)

0=0.408

® Supernova remmnants (SNR) (only e-)

Propagation scale \[kpc]

‘e Particle Dark Mabter annihilation (e+,e-)?

10' 10°
Energy [GeV]

e-, e+ suffer strong radiative cooling and arrive at Earth if produced
within few kpc around it.
Local sources very likely leave their imprints in the spectra



