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The jourmaj S%ar%e_d with Ehe a&%em?%
- shared by many - to interpret the e+ data
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Unprecedented statistics and enerqy coverage



Sources of et in ‘ the Millkey Way

e Inelastic kadrdmiﬁ collisions (qummﬂ)
o Pulsar wind hebulae (PWN) (symm.)
® Supernova remnants (SNR) (only e+)

o (Particle Dark Mo&%er‘ammi;hda&mm)



From the source to a.detector

Sources: Praduﬁﬁoh mechanism
acceleration to high energies
Lnjéa&mh inko Ehe inberstellar space

Propagation: diffusion on the magnetic inhomogenceities of the Galaxy
energy losses and gains (B, £, cross sections)
convection

Energy losses: from the production site to the detector



?rapagaﬁom i the Gataxv

Sources Diffusion Fragmentakion

ULIne (] Woij

Galactic
wind

The galactic disc is embedded in a diffusive halo (L¥4-10 Lf‘!mt)
where particle diffuse and can loose energy



Pro pago&wm equation

diffusion en. losses  source spectrum

Diffusion: D(x,R) a priori
usually assumed isotropic in the Galaxy: DR )=DoR3
Do and b fixed by secondary/primary nuclel wappins; cactins wsy

Ev\argj losses: Svmc:hrc}&rcw\ own the galactic BY3.6 p&s
full relativistic of Compton effect (w/ Klein-Nishijna)
on F:»kc:-&c;m fields (stellar, CMB, UV, IR)

Solution of the €q.; semi—analytic waurims 200, vonator 2004, .3, USINE codes
or ﬂfu,i.tj numerical; GALPROP, DPRAGON codes

Geometry of the Galaxy: cylinder with height L



Debected ez are local

| ijitai propaga&iou length n the Galaxy

Mancowni, DL Mauro, FD JCAP 2017

Es=1 GeV
Es=10 GeV
Es=100 GeV
Es=1000 GeV
Es=10000 GeV

K15 propagation model

K, =0.0967 kpc? /Myr
§=0.408

Propagation scale M[kpc]

10* 10° 90°
Energy [GeV] Galactic longitude |
e-, et have strong radiative cooling Mos& Fowerafui. sources within 3 kpe
and arrive at Earth f produced from the Sun.,

within few kpe around it SNRs (e-) and PWN (e+e-)



A word worth on e* energy Losses

Inverse C@:’MPEQK eXEo) + Y(E) = e.i(El) + Y(’éi’)

‘E;a > E1 a loss Sy
E<E  a gain, and a MESSANG’EQ

X—-mvs ) YTTays

Svmahraﬁrom emission radiated from the interaction with a B3

et losses energy

a Fho&ov\ is created, a MESSENCE R

radio, X-ray
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S@.@OMdﬁfj etre-
i Delahayer AA2009, 2010
Produced by inelastic collisions of CRs (p and He mosly)
on the inkerstellar GAS (H and He)

pri — a2 + X
P*—H—-?Ki*-)(

e

/il s

do{prH—>me + X) has to be measured = UNCERTAINTY ~ 2
P(rE — e) is computed by QED

Need &}r high energy daba cross sections ﬂfrc:vm
collider experiments

DL Mauro + JCAP 2019 DL Mauro + JCAP 2014

TOTe™ 20 band H  AMS-02

- Secondary —-—-- PWNe

E' @ [GeViem?s2sr)

E [GeV]



Eleckrons from superhnova remnants

Ellison+ ApJd 2007; Blasi 2013; DL Mauro+ JCAT 2014, Apd 2017

i SNR. are cownsidered the main sources of
galactic CRs - nuclei from p to Fe, and e-

Compressed
shell of hot gas

e Hadronic acceleration: evidence of ° bu.mp

(Fermi-LAT+ 2010)

® Leptonic acceleration: evidence of

FAR

Smooth distribution
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svv\&kroﬁram emission i radio and X“ravs

In jection spec&rum:

Manconi, Di Mauro, FD ICAPR017; ICAP 2019

— Vela YZ - G65.3057  ----- G127.1005
—-— Cygnus Loop = G114.3003 G160.9026
Vela Jr

=
e
)

e~ flux from near SNR (Vela XY and Cygnus
Loop at d<o.8 w‘pt)

Few SNR can contribute to TeV flux
Additional e~ from a smoobth SNR distribution

=
e
&

-
(2]
<
2
Y
o~
I
o
~
Q
>
(0]
2
B
Iy

10*




SN, &ﬁ&@iﬁif&h@% % radioc emission

Mawncowni, Di Mauro, FD JCA? 2019

Hyp: Radio flux due to smjmckro&ram emission from accelerabed e- in the SNR

2 iy
7 - . ’ ’/ ‘l‘.!_
Qosnr = 1.2-107GeV~1(0.79)7 =2 ] [ ] [

kpe GHz 100G

10-1 === Cygnus Loop 20 radio H+  CALET H DAMPE
= \/ela YZ 20 radio v HESS t  Fermi-LAT
H AMS-02

Cygnus Loop, trapped

ety

Cygnus Loop, escaped

Vela YZ, escaped

We fit all the available radic data fixing Bvea =36 p#G and Cyguus = 60 pG,
Vela has energetic trapped e-, and only E>5% GeV have escaped (17 GeV for Cygnus).
The flux of e~ as constrained by radic data contribute few % to the (ere-) data
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Pulsars (?’WN) as CR ete- sources

Shewn Ap:‘JL 1970; Amalto arvin:l312.5945; Di Mauro+ JCAP 2014

Pulsar wind nebulae (PWNe) as engines of ex

® Hiﬂh MO\SMQ&E«C ‘fLELdS (109*1012 G) exkract wind c}éf @
from the pulsar surface, et pairs produced in EM cascades

® Pulsar spin-down energy (Wo) is transferred to et pairs,
accelerated to very high energy with QE) ~ E-V.

o After several kyrs et can be released tn the ISM

® These et pairs rodiate b:j IC and synch,, and shine at many frequenﬁies

f ks 00
Bu=nWo= [ dt [ dBEQ(E,Y
0 E,

The total energy Ewt emiltted in et by a PWN is a fraction n (efficiency
conversion) cwf the spm-—dwwv\ enerqgy Wo. Relevant parame&ersr v and n



Ami;sahopj in a diffusion model
| | ' Manconi, Di Mauro, FD ICAP 2017
Anisotropy should be computed by development on spherical harmonics.
For ohe or few sources,
we can expect only the dipole term to have some relevance (i any).
In diffusive propagation regime (Ginzburg & Syrovatskii 1964;

For example, for a
source abt d;:

r; - ymax

||I‘z'||




A mulkti-wavelength &
amo&jsi;s

We fit the porameters selected by radic and ere- flux data and check
against dipole anisotropy data

Mancowni, DL Mauro, FD JCAP 2019

Vela YZ AMS-02 —.—.- All sources, radio & e* +e~ fluxes
—--—- Cygnus Loop CALET Vela YZ 20 max, radio & e™ +e~ fluxes
Far SNRs v HESS — == Cygnus 20 max, radio & e* +e~ fluxes
+  DAMPE v+ A, UL Meth.1
Fermi-LAT - # A, ULMeth.2

We find models &ompa&ibte wikh
three independent observables:
radio flux from SNR; e+e- flux; e+e- cli,[aoie anisotropy
14



Bounds from dipole anisotropy
Fermi-LAT data from ere— dipole anisotropy are upper bounds vs E (Abdollahi+ PRL 2017)

. Manconi; Di Mauro, FD JCAP 2019

20et +e - flux
50 et +e - flux
Excluded by A+, .-

—.—.- All sources, e +e~ flux Fei A, UL Meth.l
Vela YZ 20 max, e* +e~ flux Wl A, UL Meth.2
— —— Cygnus Loop 20 max, et +e~ flux

Vela YZ

Anisotropy excludes configurations

Maximal anisobro rom et+e—~ Hlux
Py § f selected by ere— flux

selected confiqurations
Dipole anisotropy th CR leptons is a valuable observable to
study the properties of local sources - SNRs

15



Posibron flux and Y-ray haloes

o The positron flux shows (Pamela, AMS data) the need of primary
source at high energies. Pulsars could do the job.
AMS Coll. PRL 2019 5

N
(4]

ON!
(hadronic/leptonic)

Positron Spectrum
* AMS-02

= Fit with Eq.(4) and
68% C.L. band

N
(=]

15

-
(=]

A —pa)
»
.
w
o
£
o~
>
Q
o
—
©
o
el
w

o HAWC has detected a TeV gamma-ray
hale around Geminga and Monogem
pulsars. Interpreted as |
ere- accelerated by the pulsar, .
then released in the ISM, e

A Low daﬁusmm reqgion around the iy T cmtcancetgmas)

PMLSQ\"S LS *‘FO\VOTE.Ci b'j Ci&&& HAWC Collaboration, Science 35%, 2017
milagro, Abdo et al,, ApIL 2009




What we learn from HAWC daka

DL Mauro, Mawnconi, FD. FRD 2020 Hootpeﬂ-l‘?oz 0¥ 436, Fang+l¥03,0264-0
* Sudoh+1902, 0%R03, Johannesson+1903,06609, Tang+l¥O¥ 02448

e The ef injection is continuous (ot bursk-Like)

70

¢ The spm—-down i.ummosc,&v converted ko HAWC mgk enerqy ete- LS
NWoz= 1.6 104% (4.2 154¢) erq for Geminga (Monogem)

o The diffusion is inhibited around the pulsar by ~ oo tinmes wrt the
average in the ISM: Do(l GeV) + § 102 em2/s

1o error Hawc 2017 D(1GeV) =5.0 x 1025 cm?/s, nWo = 1.5 10 erg, ye = 2.3
Best-fit Hawc 2017 10 band
— x? profiley=2.3 .
HAWC
-=-=- Best-fity=2.3 ¢
loerrory=2.3

o

Fit to Gemihga
surface brightness

o

0.

d®,/d6 [TeV/cm?/s/deg?]

o
N

DL Mauro, Manconi, FD PRD 2020



thh e praduﬁe e F?l«o%@ms?

DL Mauro, Manconi, FD PRD 2020

lo band y.=2.3
—— Bestfity.=2.3
1o band y.=2.0
—— Best fit yo =2.0
Hawc diffuse template
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Fermi-LAT
HAWC energy range === G15y.=2.0

—-=- G15y.=2.3 —— K15 ye=2.0
—— K15ye.=2.3 ¢ AMS-02

The fit ko HAWC surface brightness The HAWC daka do not constrain the
comes with uncertainties / degeneracies | e+ measured bj experiments (AMSoR)

The ezx&mpaia%ic:m down ko Fermi-LAT The e* inje&&imm power spec&rum Ls one
enerqgies qives remarkable differences ey parameter




Searching for y-rays around Geminga
in the Fermi-LAT data

Di Mauro, Manconi, FD PRD 2020

* We implement a Inverse Complon Scatltering templote
with background Interstellar radiation field (ISRF, needs a model)

e Pulsar proper motion: vr=211 km/s (Fakerty-aszcon (70 pe Eravelled)

Without proper motion

F=1000 GeV
130 120 110 100 90 80 70

130 120 110 100 90 80 70
RA [deg]

RA [deg]

Wikh proper motion

Ay [ —10 GeV . A [ —=1000 GeV
60 70 80 90 100 110 120 130 60 70 80 90 100 110 120 130
RA [deg] RA [deg




Debection of a Y-ray halo i Fermi-LAT
~data around Geminga

We detect a Y-ray halo around Gremiinga ok 72.¥-11.%0
(depemdiv\g) on background models)

o ~ik improves wikh proper motion ihcluded.

o Diffusion D(1GeV) = 1.6-3.8 1026 cm2/s (compatible w/ HAWK)

o Exkension ~ &O pe ot 100 eV Di Mauro, Manconi, FD PRD 2020
@Y. = 1.¥-2

E* & [GeV/cm? /s]

—_— v, =18, n=1.9% Hawc diffuse template
— 4, =1.9,7=1.3% -4 Fermi-LAT
— v, =2.0, n=1.0%




y-ray haloes influence e+ at the Earth

Do(E/1GeV)? for 0 < r < 1y,

2=zoNnes d;{:ﬂfMSLQM model: Dy (E/1 GOV)‘S for r 2 7,

rb L5 the b%u@w between Llow and high diffusion zones

DL Mauro, Manconi, FD PRD 2020

HAWC energy range = —— G154, =19, n=1.3%

— K15 4, =2.0, n=1.0% ==+ K154, =18, 1=1.9%

) —— G154, =2.0, n=1.0% G15 v, =1.8, n=1.9%
|—— K15+, =19, n=1.3% ¢ AMS-02

HAWC energy range —— G154+, =19, n=1.3%
— K15 4, =2.0, n=1.0% ==+ K15 ~,=1.8,7n=1.9%
—— G154, =2.0, n=1.0% G15 4, =1.8, n=1.9%
— K15+, =1.9, n=1.3% ¢ AMS-02

Geminga contributes few % to the e+ flux at the Earth,
The ICS halo is about ¥0 pc ot Fermi-LAT energies



Halo extension dQF?QMdS ol eherqgy
and diffusion physics

Smaller haloes expected at higher energies
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Higher diffusion coefficients get the halo spr@,ac& out.
ISM D(E) values (¥ 1028 em2/s) would get Low eherqgy y-rays around
Geminga spread widely in the ISM (ho Llonger a halo....)



Ymraj haloes: a g@.mmai property of
PMLS &rs M. DL MAuro, S. Manconi, FD arxiv:190%.03216
We select sources {rom ATNF CQEQLOS with hnghesE ICS halo above 1 TeV

Compute the number of sources above HESS, HAWC and CTA sensitivity
as a function of n, efficiency conversion into e,

Tens of haloes could/will be detected even
with 1% efficiency conversion into e



A Llow diffusion zowne around PWNe

We select sources detected mainly by HESS (they provide flux maps)
Interpret the data in terms of ICS halo and fit D(1TeV) and size

Di Mauro, Manconi, FD 190%.03216 to app. PRD Manconi, Di Mauro, FD 2001,099%5, subm. PRD

--- Dy,=10"cm?s!
—— D, =10 cm™? 57! +  AMS-02 e”

D(1TeV) [cm? /s]

The diffusion coefficient around PhiNe is systematically lower bv R
orders of maghitude wrt. the ISM diffusion coefficient
found from CR data (B/C).



y-ray haloes have tens pc size

We fik also the ICS halo size
The trend with the age is compatible with models of PWN evolution
The low diffusion zone around PWN should be larger than the halo size

Di Mauro, Manconi, £D 190%.03216 to app. PRD Manconi, DL Mauro, FD 2001,099%5, subm. PRD

r, =90 pC +  AMS-02 e”
r, =120 pcC +  AMS-02

10"
ICS halo size [pc]

The halo size can shape the high enerqgy e+ flux



ATNW Fmi.sm* catalog

Manconi, Di Mauro, FD 2001,099%8, subm. PRD

Distance 4, age T (5cw3r<1“<1oswvr), spin-down energy A /dt

From ao&aiog data:

Conkinuous w\JeC&mw

T

To

I’VO — T()E (1 2 R

rb=120 pc, Doz7.¥ 1028 em/s, N=0.12, Y=19 Tb=90 pc, Do=7.% 1028 em/s, n=[0.02,0.30], v.=[1.4,2.0]

—— Total ATNF, T'>50 kyr
+  AMS-02 e”

E* ®,_ [GeV? [cm? [s/sr]
E* ®, [GeV? /cm? [s/sr]

Few sources above 10% data = Cumulabive flux ¥ AMS-02 data
The h.e. trend dictated bv Llow diffusion (Do) within rp



S;muia% lons of gaim‘:&{’: pulsar
PC} PMLO\% LC}M Manconi, D Mauro, FD 2001.099%8, subm. PRD

Tke ATNF catalog may be LMCOMPL&E@.
We szmui&&e a galactic Pulsar population with physics nputs:

- - Secondary Sim PWNe, 1o v, =19, n=0.06 - - - Secondary Sim PWNe, 16  ~, =[1.4,2.2] , n=0.1
Total, 1o <+ AMS-02 ™ Total, 1o -+ AMS-02¢”
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The umaav%aim&v band is ~ 10
The flux is NEVER wneqligible wp to TeV
Predictions fall around AMS-o2 data



¢ Le.p&ov\s o& Ear&k kave a composn&e omgm g frc:»m §m~ smoo&k and
near: C&Eatog SNQ, @:!—e-* {rom PWN, e+€i~ as seaom&amas ta &ke ISM

e Q-',’"(Wf«&k F‘"‘)"" 'O;T’é- Qa MQJOV OMEE,MQE&@.&#- CQ}[@QMPQV\QME A Eli}\.'e C&mev.

¢ The vmi&h& radmhve. cc:»otms provud&s chaLuabLe and du«f«femu&
messewgers | |

e We discovered an ICS y-ray halo arocund Gamuhga Fuisar (U L. for:
Monogem) it Ehe. Fermi-LAT da&a o& ¥-100 CreV

o CRs at high énergi,fe_s, dipole 'dnisb&row, radiation from radio to y
rays are giving us an tanovative view of the Galaxy and an
explanation of the CR er data on the whole eherqgy range



Contribution of pulsars to er flux
“as a function o{ c&us&amae fyom Earth

Manconi, Di Mauro, FD 2001.099%5, subm. PRD

— 0-0.5kpc —— 3-5kpc - =-- Total — 0-0.5kpc —— 3-5kpc - - - Total
—— 0.5-1 kpc 5-10 kpc H+  AMS-02 —— 0.5-1 kpc 5-10 kpc H+  AMS-02




Burst-like or continuous injection

Di Mauro, Manconi, FD PRD 2020

= Continuous, g =12 kyr ——- Porter 2006 ISRF

—— Burst-like B=5uG
-— To=1kyr Hawc diffuse template

= Continuous, Tg =12 kyr ——- Porter 2006 ISRF
—— Burst-like --- G15

-— To=1Kkyr B=5uG

== T9=0.1kyr
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