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= ‘PFZIMATQIES dwac&ij predu&ed n &kew sources -

Supernova remmnanks (SNR), pulsars, darie mo&&er ammkda&mm,
SE(,ONT}AQIE'S prociu,te.d bj sPaLLakmh reactions of Pmmames cw\ &he o

|  interstellar medmm (ISM), made of H and He ‘

2 ACCELEQATION
~ SNR are comsidered the Pomerhouses for CRs.
They can accelerate particles at least up to 102 TeV

3. PROPAGATION | e
CRs are diffused in the Galaxy galactic magnetic field (L&)

+ loose/gain energy with different mechainisms (Lap%ams)



CRRs un the Gataxv

“Primaries: produceci in the sources (SNR and Pulsars)
H He, CNO, Fe; e~, et; possnbm e, p, d- from Dark Matter annihilakion

Secondaries: produced by spallation of primary CRs (p, He,C, 0, Fe) on the interstellar

medium (ISM): Li, Be, B, sub-Fe, [...], (radicactive) isotopes ; e, p-, &

Primaries = present in sources:
Nuclei: H, He, CNO, Fe; e-, (e+) in SNR (& pulsars)
e*, p*, d* from Dark Matter annihilation
Secondaries = NOT present in sources, thus produced by
spallation of primary CRs (p, He, C, O, Fe) on ISM
Nuclei: LiBeB, sub-Fe, ... ;
e*, p*, d*; ... from inelastic scatterings
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nncm, Nuclei: 37‘?7 frDm source

Number of Neutrons (N)




The

measured Cosmic Ray spectrum
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AMS-02
AUGER

CALET
CREAM
DAMPE
FERMI
HAWC
HESS

ICETOP+ICECUBE
KASCADE

NUCLEON

Telescope Array
Tibet-11I

VERITAS

C. Evoli at hEEPs://agenda.i.wfn.i.&/even&/Zl3’91/



Precision data from space: huclet, electrons

All-electron

AMS-02 (2019)

CALET (2021), preliminary
CALET tot. uncert.
DAMPE (2017)

Fermi-LAT (2017)
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ro Paga&om equa%iom

8¢z (CB, p, t)
ot

= qi(x,p) + V - (D3 V); — Vf;)

| Diffusion: D(x,R) a priori
usua\uﬁ assumed Lso&rcpia it the Ga&a\xy: DR )=DoR3 (.f?;::pfz/zoe)
Do aind B usually fixed bj B/ C (applris; Genolinias (K15)

Enerqgy losses: Synchrotron on the galactic BY3.6 u&
full relativistic of Compton effect (w/ Klein-Nishijna)
On pho&omf&etds (stellar, CMB, UV, IR)

SOLM&LOM O“f thﬁ‘; ﬁqq: S@.ME*QHQLvRt (Maurin+ 2001, Donato+ 2004, ..)4 USINE tOCiG'.S
or fully numerical: GALPRO?, DRAGON codes

Geomelry of the Galaxy: cylinder with height L ™ kpc



CR secondaries

5 Constro’m ‘)ro‘aaad\\&“
frawn halo $\2€

A A

Courtesy of M. Korsmeier




?ropaga%wm models vs daka

Weinrich+ AfA 2020

—— BIG (¢ =670 MV)

—-—- QUAINT (¢ =674 MV)

Ewn [GeV/n]

Data on secondary/primary species are well described by propagation
model with diffusione coefficient power index 8 = 0,50 : 0,03,

Cownvection + reacceleration, or pure diffusion both worlk,

See also Evoli+r PRD 2020; Schroer+ PRD 2021



?’rot@aga&wm models vs daka

Korsmeier & Cuoco, PRD 2021
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Several propagatioh models are tested, including fragmentation
cross section uncertainties,
They currently prevent a better understanding of CR propagation



ﬁragmev\%a&mm cross sections

‘T’k@j matber U bc:eﬁa dwadmmy as a loss kerm for progenitors, as a
source term for daughters

De La Torre Luguer IJICAT 2021 Weirich+ AgA 2021

Be/B spectrum

12C+H - "Be [16%]
12C+H - °Be [9%]
160+H - "Be [18%]
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Expected total uncert Main channels uncert
—— Derived model + Be/B AMS-02 data
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Probably the most Limiting aspect now
Dedicated campaigias are needed (LHChH, NAGL, Ambar/ﬁamyass, 50



Light isotopes in cosmic rays

Important to test origin and propagation of CRs
Radioactive isotopes can track the diffusive halo size

‘Derome PoS ICRC 2021 FD, ‘Maurin, Taillet AstA 2001
sotopes In light cosmic rays:

Primaries
160 170 180
14N 15N
120 |13
I()B 11 B

Secondaries

"Be ‘Be lr’Be

6Li|7Li

8
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Atanclive tsokonit Ty
ROSIRRCTVE Lo Unstable 2AL to stable 275t parent ratio
different Fropo\ga&mm Msfﬁorv

lot = VD(E)ymy < L | tsensitive to halo size



Recent results with Light nuclei Esa&:—pes

L.Derome AMS-02, ICRC. 2021 Pof

AMSO02 Balloon
ISOMAX ® Balloon

Balloon * ACE-CRIS

ISEE3-HKH
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Total (stat+sys) correlation matrix

Exn [GeV/n]

Several isotopes measured up to 10 GreV/in, with correlakion matrices

Flux ratio [-]

Residual [%]

Weiarich et al. A%A 2020

i ACE-CRIS ('97/08-'99/07)
ACE-SIS ('97/08-'99/07)

IMP7&8 ('74/01-'80/05)
ISEE3-HKH ('78/08-'79/08)
Ulysses-HET ('90/10-'97/12)
Voyagerl&2 ('77/01-'98/12)
ISOMAX ('98/08)

IMP7&8 ('72/09-'75/09)

SLIM ( +10) —— QUAINT

Eyn [GeV/n]

Indications to rather high diffusive halo (>=5 R“F@)






Dark makbter U Ehe Universe

DM is there, gravi&a\ﬁov\au:}

COMPOSITION OF THE COSMOS 0@‘\,@: POSSE«bL@. S(}LM%QC}M LS Q& MO\SSLV(&,
' Stable, particle

Some dark matter candidate particles

48 Free Hydrogen
and Helium:
4%

Dark Matter:
25% .
Neutrinos
utn WIMPs:
Neutralino
KK photon
branon

LT —>

T Axino
Super WIMPs:
Fuz_z1y CDM l Gravitino
i KK graviton

Dark Energy:
70%

Wimpzilla
I Black hole remnant

WIMP = Weakly Interacting Massive Particle

Conrad#Reimer, Nature Phys. 2017

Mass (GeV)




SIGNALS from RELIC WIMPs

Direct sear@hes (deeply u.vxciergroumd experiments) :
' elastic scattering of a WIMP off detector huclet
Measure of the recoil energy
Annual modulation and directionality of the measured rate

Indirect saarthas in Cosmic Rays (mostly space based experiments)

signals due to annihilation of accumulated

xX in the of Sun/Earth (neutrinos)
sighals due to xx annihilation in the galactic halo
(antimatter, gamma-rays)

New Fmr&wtes are sem&kecz’x o& &oi.t:,ciers ‘
bu,& we &amv\o& say amvﬁkwxg abouﬁ ben&xg |



Imq’gLré&E.barw Matter detection

AM&\LMLQELOM w\scde celestial bodies (Su.\f\, E&r&h)

V- a& neubriuio Eetes«t:cwpes as MP"SOW\Q Muons

Annihilation in the galactic halo:
YTrays (Aiffuse, monochromatic Line), m#&imo\vetehgﬂh

antimatter, searched as rare components in cosmic rays (CRs)

v ahnd vy eep dire«c&ionat&&j

Charged particles diffuse in the galactic halo
ASTROPHYSICS OF COSMIC RAYS!

16



Antimatter or y-rays sources from
. DARK MATTER

Annihilakion

Betav

P DM damsi&:j i the halo of the MW
My, DM mass
<ov> thermally averaged annthilation cross section in SM channel £

Y cie«z:a:j Eime
er, e~ enerqy spe«z:&rum generated in a single annihilation or d&aav event

Annihilations take place in the whole diffusive halo



The case for antiprotons



AMS-02 antiprotons are consistent with a
se@ow:{o;rgj astrophysical origin

M. Boudaud, Y. Genoling, L, Derome, J.Lavalle,
D.Maarin, P. Salati, P.D. Serpico PRD RoRo
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—|— AMS-02 (Utot)
Baseline prediction ,/ Parents Transport
T Total uncertainties /’/ 1 XS Total

R [GV]

Secondary pbm’ flux is predicted consistent with AMS-02 data
Transport and cross section uncertainties are comparable
A darke matter contribution would come as a tiny effect

® & 9 @

Precise pradm&&m\s are mav\c&a\&orv



Amﬁpra&om produ@&o—m bfj inelastic
- scatterings

dO'z'j

0 (15) = /quz 41 nism,j Gi(Li) = ”(T, T5) = pﬁ/dﬂ ai(g,) (T3,T5,0).
Tin

4T,

— X He — X : :
PP —> pbar+ pHe => pbar + Most recent

cross seckion daka

V$=T7.7, 8.8, 12.3 and 17.3 GeV Vs = 110 GeV
T, = 31, 40, 80, 158 GeV T, =65 TeV




The am&prabm source spe@%rum

Korsmeier, #D, DL Mauro, PRD 201¥%
dilsii® Rreoutes Sam LHCD pHe —> p- X data & our fit
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The effect of LHCh data is ko select a high enerygy
trend of the pbm‘ source
A harder trend is preferred.



Possible conbribution ﬂf'ro-m Aark makber

Cuoco, Korsmeier, Kraemer PRL 2017 Reinert & Winkler ICAPROLY

— Observed 95% CL

. Expected + 10

Expected + 20

—-== Thermal Relic

pbar/p AMS-02

Best Fit (¢ =0) :

Best Fit with 1,20 | §
-~ Tertiary :

DM

50 100 500 1000
mpm [GeV]

— Observed 95% CL

. Expected £ 10

Expected £ 20

=== Thermal Relic

1000 2000

---  Limit dSphs bb, Akermann (2015)
---  Limit dSphs bb, Albert (2016)

Amf:ipro&am dabka are so precise Ehat !aearmi,?:
to seb strowng upper bounds on
SN the darlk matter annithilation cross section,
=T or to improve the fit wr.tb. ko the secondaries
o 25 4 alone adding a tine DM contribution




A matter of correlations

Heisig, Korsmeier, Winkler PRD20O20 2020

Derivation of covariance makrix %c:»r systematic errors
(dominated by p(bar)C absorption cross section)

B/C, p-bar fit

with DM
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The sighificance for DM drops below 1sigma



AMS—02 am%ipro%oms wirk
Fermi-LAT Gralactic cenber excess - I

DL Maure & Winkler PRD 2021

Candidake passibiv @xpia\m&&»\g Ehe Galactic center excess
. Fermi~LAT data
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The pbar data are ﬁ:ampo\ﬁbt@. with DM/ GCE
Tension is with magnetic halo size L: here L< 1.7 kpc, 572 kpc from
Be/B and L> 2 kpc from e+ at Llow enerqy




Effect of galactic propagation

Grenolini+ 2103.04-10%

New AMS-02 sfa,{t/pr&m data allow reduction of propagation uhcertainties

. = 100 GeV

<0v>bl_) — 50 (0”U>th This work
1 \ a1 \ i PPPC4DMID
Donato et al. 2004

®p = 700 MV
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NFW profile
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Possible antideuteron verification of
Dark Matter hint in antiprotons

P =124 (62) MeV S Pz 248 (124) MeV

coal ~

005 BESS limit 05 BESS limit
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DM av\&iproﬁoms poss&bbj hiddewn in AMS daka are
potentially testable bl:; AMS and GAFS



Antideubterons Persep&&kves

7. Vo Doetinchem et al., ‘Phjs. Rep. 2021

—
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AMS—0OR o\mﬁprcﬁ&mm daka

5. Galrop (o | Antideuteroin pradia&m NS
, BESS-Polar |

el for DM model indicated by
, AMS-02

,GA;PSA}OdEpron.. Fb&'f‘ AMS“GZ d&&&

flux [(s m’sr GeV/n)™|

ol ol ol ol ol

. i d,GAPS Lo
e O B B

Bands are for coalescence
uncertainty

- (W4, s~ bb, 70GeVv I3, secondary [[]4, tertiary] :

1 10
kinetic energy [GeV/n]

ATPS axpmimem% is under cownskrucktion



‘Perspec:&ves withh ankithelium

FD, Forhengo, Korsmeler, PRD 201%
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The Dark Matter sighal is WaYS higher than secondaries
RBelow ™ 2 GeVin: ciiSt:c:«verj window

Challenging for present c&o\v experiments



Possible origin of anti-helium:

anti-clouds, anti-stars

N —
<

104
10°4 1071 10712 10071 10710 10°°

n = np/ny

FIG. 4. Abundance of H, D and 4He with respect to that
of 3He as a function of the (anti-)baryon-to-photon ratio 7.
The Planck value is represented by the grey band. The value

required by the AMS-02 experiment is shown by the orange
band.

V. Poulin et al. PRD 2019

Anti-clouds: require ahisctropic BBN
for the right 2He/“4He
AMS-02 measures are local, Plancle’s

ones averagezd over bthe Universe

Exotic mechanism for seqreqation of
anti-clouds is needed
Traces A p“b&r and D-bar

One anti-star could malke the ‘jc::-b.
How did %hev survive?



Sources of et in Ek@.MLLR’j Way

Inelastic hadronic collisions (asymm.)
Pulsar wind nebulae (PWN) (s:jmm‘)
Supernova remnants (SNR) (only e—)

Particle Darke Makter annihilation (e+,e-)?



The \}ourmej sktarbed with Ehe a&%@.m?%

- shared by many - to interpret the

v [GeV? [em? [s/sr]

o
i

CALET +  DAMPE
Fermi-LAT +  AMS-02
v HESS ] PAMELA

4+ PAMELA = Fermi-LAT
J  AMS-02

et /(e +e™)

10?
E[GeV]

E? ®e* [GeV? [cm? [s/sr]

E* @, [GeV? [cm? [s/sr]

10t
E[GeV]

e+ daka

+  AMS-02
- PAMELA

+  AMS-02
- PAMELA

i

UMpraaadﬁam&ad skakiskics and enerqy coverage



Debected e+ and e~ are Local

N(E, Es) = 4 /ES 4 _P(E) s mai,«mi prc:«pagaf:iom length in the Galaxy

E bloss(El)

Manconi, DL Mauro, FD JCAP 2017

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

Veli
Monogem
Geminga

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

05 . eming .O
e

Propagation scale \[kpc]

10* 102
Energy [GeV]

90°
Galactic longitude |

e-, e+ have strong radiative cooling Maost pomarﬂfui sources within 3 kpc
and arrive at Earth if produced from the Sun.,

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



The se&omd&rﬁ, hadrownic et source term

L. Orusa, M. DL Mauro, FD, M. Korsmeier PRD 2022

(Iz.j("j:*) = 4w nism, 7 /(1'1’,' C%:(T

L J nucled. Spe«ci{mauy 42 F:He., HQF’, HeHe
WIsm: cl@.msé&tj c:-{ the inkerstellar medium
OT): flux of incoming CR nucleus (¥ Ti27)

Aoy/AT (T, Te); et Prodw&&ion cross section i a i} collision,
for a given CR (beam) energy



@+ produa&iam channel s

L. Orusa, M. DL Mauro, FD, M. Korsmeier PRD 2022

We include all these
conkributions.

Similarly for collisions
with nuclet,

We repeat ALL the
analysis for e-
under charge conjugation




~ Result on the e+ and e~ source terms

. L. Orusa, M. Dl Mauro, FD, M. Korsmeier PRD 2022

q¢" T2/ [GeV7 m~3 s71]
q®” T27 [GeV!/ m~3 s71]
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I
o000

= OKFEN
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Seaoncio;rﬁ et are hows extremely well defined
Different room (from state of the art) is now Lleft to
et from pulsars (or dark matter ...)



The role of e secondaries

M. DL Mauro, FD, S. Manconi PRD 2021
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e+ secondaries contribute significantly to shape
the spectrum ot Earth.
The flux in the GeV region is Lilcely dominated by secondaries

A PRIMARY ESQMFQMQM& LS suréﬁij there at high ewnergies



Pulsars (PWN) as CR e+te- sources

High magnetic fields (16%1612 &) extract wind of ‘e~
from bhe pulsar surface, et pairs !arociu,tad UA EM cascades

Pulsar syiv\mdoﬁn enerqgy (Wo) is Eransferred ko ex pairs,
accelerated bo very high ‘enerqgy with @ ~ E-Y,

After several kyrs et can be released in the ISM

These e [mslrs radiate b‘j Inverse C.c:«m[g%c}m scattering
and synchrotoron,
and shine at many {requenﬁies

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

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



Manconi, DL Mauro, FD JCAP2017; JICAT 2019
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Electrons from superhnova remnants

Ellison+ ApJ 2007; Blasi 2013; DL Mauro+ JCAT 2014

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

Compressed

shell of hot gas
Inverse Compton

Hadronic acceleration: evidence of 1 bump
(Fermi-LAT+ 2019)

Leptonic acceleration: evidence of
synchrotron emission it radio and erasjs

Imje{i%mm syac%rum:

= G65.3057 G127.1005
G114.3003 G160.9026

e~ flux from near SNR (Vela XY and Cygnus
Loop at d<0.5 L{pa’:)
Few SNR cawn contribute to TeV flux
Additional e~ from a smooth SNR distribution



LOWNS

lesm“ Populc&

to AMS-02 e+ data

Fit of Galactic

Orusa, DL Mauro, FD, Mahconi IJCAP 2021
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—-== Secondary L

0.5<d<1.0 kpc
---- 1.0<d<3.0 kpc

---- 3.0<d<5.0 kpc
---- 5.0<d<10.0 kpc

e* AMS-02

¥

---- 3.0<d<5.0 kpc
---- 5.0<d<10.0 kpc

et AMS-02

- —
- - -
-
-

[4S/S/,Wwd/,A\39]

+memm

unconstrained bj daka.

»
L4

and may have different features.
£>1 TeV

The contribution of pulsars to e+ is dominant above 100 GeV

Secondaries forbid evidence of sharp cut-off.
No heed for Dark Matter, indeed



Debections of y-ray haloes around pulsars

Extended haloes have been detected by HAWC around Geminga and
Monogem, and by Lhaaso around PRS J0622+3749

HAWC Collaboraticn, Sience 2017

Distance from Pulsar [degree]

Distance from Pulsar [degree] 4 6 8

- 6 8 10
Geminga# PSR B0656+14
¢ Data

—— BestFitD+ 10

Geminga
¢ Data
—— BestFitDx 1o

PSR B0656+14

on
@
oA
¥
o
o

20 30 40
Distance from Pulsar [pc]

20 30 40
Distance from Pulsar [pc]

104 99
R.A. [deqg]

Surface Brightness [10712 TeV cm~2 s~ ! deg—?]

ml"_'
o)
@
o

T
[V}

b
£
(&)
>
v
=

o~

—
|
o
—
1))
0
)
=
-
=
o
-
@
@
©
€
3
a

-4 -3 -2 -1 0 1 2
Significance [sigmas]




Debections of y-ray haloes around pulsars

Lhaaso Coll. PRL 2021
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FIG. 2. One-dimensional distribution of the > 25 TeV y-ray emission
of LHAASO J0621+3755. The solid line and shaded band show the

best fit and Ay? = 2.3 range of the diffusion model fit, which is the
convolution of Eq. (1) with the PSF.

Extremely high energy y ~rays are observed around the pulsar as ain
extended halo. A spectrum is measured.

This new class of observations needs revisiting our understanding of

acceleration of leptons to very high energies and emission of photons



Inverse Complon scatbtering power
.' mp 3P

M. DL ‘Mauro, S. Manconi, M. Neqgré, =D, PRD 2021

The y-rays are §-60 times less energetic than parent leptons
HAWC y-rays probe eleckrons with 100-1000 Tey



Discovers of y-ray halos in Fermi-LAT data

M. DL Mauro; S. Mawncowni, £, ‘Fm} 2019 M. DL Mauro, S. Mancowni, M, Negro, FD, PRKD 2021
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— 1. =18, n=1.9% Hawc diffuse template
— v, =19, n=1.3% ¢+ Fermi-LAT
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Interpreted as y-rays from Inverse Compton scattering
et are produced in and around pulsars
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Precise Laks {rom s[am:e have. Enggerad an umpre_sswe amaun& of

research in several c’kuffereh& fields regardung Ehe F»'roduchon il Ty
F?\"OF»'QSQELOM, 0{ &ataa&w COSW\LC ""’*fjs - ~ ‘

Daka cannot be Ln&erpre&édﬁi&k@u& é&hé'v\udédr t@MPOMe_nﬁ: o
‘Pc)ssi,bté.tomﬁriba&mhs from dark ma&&er amnthilabton can'be Mdde.ﬁ
in the data - spectral discrimination if often difficult - propagation
spreads different source spectra ‘
Strong expectations fc}f an&&dé.ﬂ&éfums

The y-ray observation of katoas &raumd Fm,isars is the new frontier
for the understanding of L@.PEOML«: sources in the Galaxy



