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Introduction to the kallke

e The positron flux shows (Pamela, AMS data) the need of primary
source at high energies. Pulsars could do the job.

* AMS-02

O
= Fit with Eq.(4) and AMS-02 2014 +——+——
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o HAWC has detected a TeV gamma-ray
halo arocund Geminga and Mohogem
pulsars. lm&erpre.&ed Qs |
e+e— accelerated bj the pulsar, LS/ 2a

R.A. [deg]

then released in the ISM SRR

HAWC Coll. Science 2017



. ‘Sourtés of et in the Milkey Way

o Inelastic hadronic &ottismns(asjmmq)
o Pulsar wind nebulae (PWN) (symm.)
® Supernova remnants (SNR) (only e+)

o Particle Darke Matter annihilation (e+e-)?



Debected e+ and e~ are lLocal

T‘jpwai prmpo\gaﬁc}m length it the Go\io\xv

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

K15 propagation model
K, =0.0967 kpc? /Myr
6=0.408

Propagation scale \[kpc]

10' 10°
Energy [GeV]

e-, e+ have strong radiative cooling
and arrive ot Earth i produced
within few kpe arouhd it

Manconi, DL Mauro, FD JCAP 2017

90°
Galactic longitude |

Mosi [aowmﬂ?m sources within 3
from the Sumn.
SNRs (e-) and PWN (et+te-)

R‘FC



Pulsars (PWN) as CR e+te- sources
Pulsar wind nebulae (PWNe) as engines of et '

° High magnetic fields (102-1012 &) extract wind of e-
fyom the pulsar surfoace, ek Faixs produced in EM cascade

® Pulsar spin-dowh enerqy (Wo) is transferred to ez Pairs

aceelerated to very high energy with @ 7 £-.
. After several kyrs et can be released in the ISM

®  These e pairs radiate by IC and synch,, and shine at
many %requ&@wias

T 00
B =nWo= [ dt [ dBEQE,Y
0 B,

The total energy Etot emitted in et by & PWN is a fraction n (efficiency
conversion) of the spiwwc&omm enerqgy Wo. Relevant parame&msz v and n



Mulki-wavelength emission nfrc:im Pulsars

* pairs accelerated bj Pulsar Wmd Nebulae (PWN) ioose enerqgy bj
inverse Compton scattering (ICS) on backgr&umd photons (CMB, IR, VIS)
and by synchrotron emission -» photon PRODUCTION

=
(hadronic/leptonic

| A cascade of photons, |

lin a broad E range.
INow also i y rays

ee* suffer sktrong radiative aoothg —> they probe LOCAL Galaxy,
typically < § kpe for E » 10 GeV



Discovers of y-ray halos in Fermi-LAT daka

M. DL Mauro, S. Mancowni, FD, PRD 2019; - M. DL Mauro, S. Manconi, M. Negro, FD, PRD 2021

eHWC J1907+63

Geminga
- = Best fit ICS ¥ Fermi-LAT, IEM-ALT1

30 Band 4 Fermi-LAT, IEM-GC
¥ Fermi-LAT, IEM-4FGL { HAWC
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— v, =18, n=1.9% Hawc diffuse template
— 4, =19, 7=1.3% 4+ Fermi-LAT
— 7, =2.0, n=1.0%
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- = Best fit ICS ¥  Fermi-LAT, IEM-ALT
30 Band {  Fermi-LAT, IEM-GC

10—12
+ Fermi-LAT, IEM-4FGL t HAWC




Simulating Gralactic pulsar populations
: A Manconi, Di Mauro, FD PRD 2020

We predict e+ from F:»u,i.sar ATNF catalog & from svvx&he&c populations
Within a 2-zones diffusion around pulsars
compatible with HAWC data m&&rgre&ahom

—— Total ATNF, T'>50 kyr .
N - - - Secondary Sim PWNe, 1o 7. =[1.4,2.2] , n=0.1
+  AMS-02 e | Total, 1o + AMS-02 ¢*
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From ATNF catalog From simulations

There is a Llower Limik on PWN conkribubtion.



Pair emission from pulsars

We assume conktinuous im\}e«:&mm .

Normalized ko

. i dErot L N 2 P
HO\VLV\Sf E = dt = [Q)) = —A47 [ﬁ .

We can derive a relakion for:




Constraining positron emission from
pulsar populations with AMS-02 data

L. Orusa, S. Mancont; M. Di Mauro, FD 2107,06300, to appear JCAP

We sinmulabe Gralactkic p@téar popuia&ioms

1000 simulations for 4 setups
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Pulsar Simulated Benchmark Variations
property quantity
Age Uniform [0, ¢4z

CB20[39)] FKO06[54]

Gaussian [0.3s; 0.15s] -

Spin-down Gaussian [12.85G; 0.55G| | Gaussian [12.65G; 0.55G]
Uniform [2.5-3] Constant [3]
Uniform [0-1] Constant [0]

e™ injection : Uniform [1.4-2.2] -

Uniform [0.01-0.1] -

Radial pL(r) [38] pr(r)[54]
distribution

Kick velocity - FKO6VB [54]

+ diffusion schemes



LOWNS

pu.i.sar po lea&

o AMS-02 e+ daka
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above 100 GeV and may have different features.

The contribution of pulsars to e+ is dominant

[4S/S/zWd/;N99] +°®cT

unconstrained by data.
Secondaries forbid evidence of sharp cub-off
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Effect of age and distance

ol mock galaxies as selected b'j e+ AMS-02 data

20 <T <100 kyr --- PWNe

d<0.5 kpc -—-- PWNe
—== Secondary L =4 kpc

0.5<d<1.0 kpc —== Secondary L =4 kpc 100 < T <500 kyr
---- 1.0<d<3.0 kpc — TOT - 500 <T <103 kyr — 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< 106 kyr

l—l
o
&

o
n
-
n
~
~
&
O
S~
~
>
)
<
+
U]
S
™M
w

=
o
>
=
9
(o)}

=

o

4
=
o
4

1-3 kpe ring is the most fruitful in terms of er
Interplay bebween spiral arms and propagation length



Few Putsars swf&ce

Very few ones, indeed

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)




Characteristics of the (few) pulsars
dominanti the AMS-02 flux
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A Galaxy with 1-2 very Powerffui sources, with ages between
400 and 2000 kyr, located within 3 kpc fyom the Earth



Cownclusions

We use AMS-02 data from tharged CRs 1 FME constraints on the
properties of a Galactic population of pulsars

Simulations are based on cataloqg data

Few, bright middle-aged pulsars can explain all the positrons we
Observe above 100 GeV



